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Series preface


“Oh! You are a veterinarian? I (or my brother, my sister, my son, my daughter…) always wanted to be a veterinarian.” All of us, as veterinary students and later as veterinarians, have often heard comments like this. Becoming a veterinarian seems to be such a wonderful career to nonveterinarians: helping helpless dogs and cats. Veterinarians should be happy and satisfied in their chosen profession because they are able to earn a living by caring for loved pets. The journey to satisfaction and happiness for veterinarians, however, never seems to follow an obvious, straight, or level path.

The 1950s witnessed a dramatic growth in the popularity of pet dogs and in the number of veterinarians who cared exclusively for pets. The popularity of cats soon followed. Today, more dogs and cats are considered “members of the family” than ever before in human history, and their owners want to protect their family members from illness or to resolve any illness. There are more veterinarians who care for dogs and cats currently than ever before in human history. Veterinary medicine has evolved remarkably to meet the ever-growing medical care expectations and demands of dog and cat owners.

When learning of a diagnosis, prognosis, treatment, and/or the cost of care for their ill pet, some owners become distressed. These emotions are often directed at the “messenger” of the bad news: the veterinarian. The veterinarian, in turn, may not respect their own knowledge and feel inadequate. One reason that a veterinarian may feel inadequate is the realization that it is impossible for anyone in general practice to be expert and current on all the canine and feline conditions encountered in a day, week, or month: everything from orthopedics to oncology, from vaccinology to dermatology, from ophthalmology to cardiology. Nor is it possible for an internal medicine specialist to be expert and current in each condition they encounter, from endocrinology to gastroenterology or from respiratory conditions to chronic kidney disease. Further, it is clear that cats are not small dogs. Perceived “knowledge deficiencies” can cause veterinarians to feel they are failing to meet their clients’ expectations.

The internal medicine textbooks in this new series offer one approach for enjoying veterinary practice. We encourage colleagues to embrace developing expertise in one area. By focusing on and studying one organ system in either the dog or cat, one can achieve greater knowledge and skills and, in turn, greater confidence. Each book in this series offers a clear path to learning current opinions on pathophysiology, diagnosis, treatment, prognosis, and costs associated with illnesses involving one system in one species. Confidence gained in a focused area can be sensed by devoted owners. Further, confidence in one area of internal medicine also creates confidence in sharing limitations: “I am extremely confident in diagnosing and managing some conditions but I lack that level of expertise in all other conditions”.

The books in this series have been constructed to help build expertise in one organ system in either the dog or the cat. Each book is edited by one or two specialists with outstanding international credentials. Each editor was tasked with building a text that contains all the information found in general internal medicine textbooks, but with much more in-depth discussions on each condition. Each book has early chapters focusing on differential diagnoses of owner concerns, physical examination findings, and laboratory and/or imaging results. These are excellent for students as they begin to apply their basic knowledge to clinical cases. These chapters also provide a quick review for experienced general practitioners and specialists. Each chapter provides at least one algorithm designed to take the reader from a vague owner concern, physical examination finding, or laboratory abnormality to a specific diagnosis with step-by-step instructions. The “techniques section” in each text teaches currently employed procedures, most with videos. In-depth chapters on known illnesses comprise 70 to 80% of each book’s content. The editors have provided a larger number of chapters, a larger number of expert contributors, and greater depth on each organ system than any general textbook can supply. The material has a level of credibility that no internet site can claim. Each book can guide the reader through a more complete journey of understanding than is available in any other veterinary resource.

Edward Feldman
Federico Fracassi
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Preface


Once in a while, if you are lucky, you are asked to contribute to a really worthwhile project. This textbook on canine hepatobiliary and pancreatic diseases has been such a project. There has long been a need for a book dedicated solely to these diseases and aimed at the interested small animal veterinarian in both first and second opinion practice. I am honored to have been asked to edit a textbook addressing diseases in these two organs, which have dominated my clinical and research work for nearly three decades.

The layout of this book is, I believe, unique –inspired by the series editors Edward Feldman and Frederico Fracassi, whose vision was integral to the book’s design. I thank them most sincerely for their patience and wise help during the planning of this book.

There are very few, if any, clinical signs that are pathognomonic for liver or pancreas disease, and the clinician must consider differential diagnoses for presenting signs. The first section allows this with problem-orientated algorithms addressing the owner’s presenting concerns and physical examination findings, guiding the clinician into the appropriate workup, and ensuring that other potential causes of these signs are not forgotten. The book is then divided into a section on pancreatic diseases and a section on liver diseases. The organ sections start with a detailed consideration of clinical pathology, imaging, and biopsy acquisition, with additional chapters on the interpretation of cytology and histology in the liver section, all written by experts in their fields. This is followed by chapters on specific diseases of the pancreas and liver. There are many helpful algorithms, tables, figures, and videos, both in the printed book and ebook, aimed to make this a practical resource for the busy veterinary practitioner.

Not only internal medicine specialists and residents but also specialist soft tissue surgeons, nutritionists, clinical pathologists, veterinary pathologists, oncologists, diagnostic imagers, an anesthetist, a toxicologist, and a neurologist have contributed to this work –so there is a sense that having this book on your bookshelf is like having all these specialists in your clinic to consult on those difficult cases.

The result is an up-to-date, and we hope complete, resource of pancreatic and liver diseases in dogs. Diseases of the liver and pancreas can cause a degree of despair in veterinary practitioners –so much about the causes and treatments of these diseases is poorly understood, and too many cases remain idiopathic. Nonetheless, over recent years, clinical research has started to improve our understanding, as detailed in this book, and it is clear that logical workup and treatment of our cases really can make a difference to both the quality and quantity of life. If this book results in increased enthusiasm amongst veterinarians in both first opinion and specialist practice to learn more about liver and pancreas disease in dogs, to treat their cases more carefully and positively, and to undertake more vital clinical research in this area, it will have achieved its goals.

Enormous thanks are due to the really talented group of authors who have been kind enough to contribute to this book. You have all been wonderful to work with. I hope you have enjoyed our interactions as much as I have. You have given this book so much time and effort, and I have learned a lot from reading your work. I thank you all most sincerely. In addition, this would not have been possible if it were not for the extraordinary work and passion of the team from Edra and, in particular, Costanza Smeraldi, whose enthusiasm, wise and patient guidance, and hard work have made this the smoothest, most efficient, and high-quality process imaginable. Thank you all!

Penny Watson
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Abbreviations


AAA aromatic amino acids

AAFCO Association of American Feed Control Officials

ACHES aminoaciduric canine hypoaminoacidemic hepatopathy syndrome

ACT activated clotting time

ACTH adrenocorticotropic hormone

ADH antidiuretic hormone

ADPKD autosomal dominant polycystic kidney disease

AKI acute kidney injury

ALD acute liver disease

ALF acute liver failure

ALI acute liver injury

ALP alkaline phosphatase

ALT alanine aminotransferase

AP acute pancreatitis

APSS acquired portosystemic shunting

aPTT activated partial thromboplastin time

ARDS acute respiratory distress syndrome

ARPKD autosomal recessive polycystic kidney disease

AST aspartate aminotransferase

BAs bile acids

BAST bile acid stimulation test

BCAA branched-chain amino acids

BCS body condition score

BMBT buccal mucosal bleeding time

CA cholic acid

CAV canine adenovirus

CBC complete blood count

CBPI Canine Brief Pain Inventory

CC choledochal cysts

CCK cholecystokinin

CDCA chenodeoxycholic acid

CDI central diabetes insipidus

CE chronic enteropathy

CEUS contrast-enhanced ultrasound

CDV canine distemper virus

CH chronic hepatitis

CHF congenital hepatic fibrosis

CK creatine kinase

CKCS Cavalier King Charles Spaniel

CNS central nervous system

CP chronic pancreatitis

CPDA citrate phosphate dextrose adenine

cPL canine pancreas-specific lipase

cPLI canine pancreatic lipase immunoreactivity

CPSS congenital portosystemic shunts

CPV canine parvovirus

CRI constant rate infusion

CRP C-reactive protein

CRTZ chemoreceptor trigger zone

CSOM Client-Specific Outcome Measures

CT computerized tomography

CTA computed tomography angiography

CuCH copper-associated chronic hepatitis

DAMS dyserythropoietic anemia and myopathy syndrome

DCA deoxycholic acid

DDAVP water deprivation test and desmopressin

DDx differential diagnoses

DGGR lipase 1,2-o-dilauryl-rac-glycero glutaric acid-(6’-methylresorufin) ester lipase

DHA docosahexaenoic acid

DIC disseminated intravascular coagulation

DM diabetes mellitus

DM dry matter

DPM ductal plate malformations

DW dry weight

EHCPSS extrahepatic congenital portosystemic shunt

EHBDO extrahepatic biliary duct obstruction

ELISA enzyme-linked immunosorbent assay

EMG electromyography

EMH extramedullary hematopoiesis

EPA eicosapentaenoic acid

EPI exocrine pancreatic insufficiency

ERCP endoscopic retrograde cholangiopancreatography

FDPs fibrin degradation products

FEDIAF European Pet Food Industry Federation

FeLV feline leukemia virus

FFP fresh frozen plasma

FHTG familial hypertriglyceridemia

FIP feline infectious peritonitis

FISH fluorescence in situ hybridization

FIV feline immunodeficiency virus

FMF familial Mediterranean fever

FNA fine-needle aspiration

FNCS fine-needle capillary sampling

FRE food-responsive enteropathy

fT4 free thyroxine

GABA γ-aminobutyric acid

GBM gallbladder mucocele

GBS gallbladder sludge

GFR glomerular filtration rate

GGT gamma-glutamyl transferase

GI gastrointestinal

GLDH glutamate dehydrogenase

GSD German Shepherd dog

GUE gastrointestinal ulceration/erosion

HA hyaluronic acid

HAC hyperadrenocorticism

HAVM hepatic arteriovenous malformation

HCC hepatocellular carcinoma

HCPI Helsinki Chronic Pain Index

HCT hematocrit

HE hepatic encephalopathy

HGE hemorrhagic gastroenteritis

HPC hepatic progenitor cell

HS harmonic scalpel

IASP International Association of Pain

IBD inflammatory bowel disease

IGF-2 insulin-like growth factor 2

ICH infectious canine hepatitis

ICH intracranial hypertension

IHCPSS intrahepatic congenital portosystemic shunt

ICP intracranial pressure

IHC immunohistochemistry

IMHA immune-mediated hemolytic anemia

IMTP immune-mediated thrombocytopenia

IOMP intraoperative mesenteric portovenogram

IRIS International Renal Interest Society

IVFT intravenous fluid therapy

LBM lean body mass

LCA lithocholic acid

LDH lactate dehydrogenase

LDH lobular dissecting hepatitis

LDDST low-dose dexamethasone suppression test

LL lower limit

LPL lipoprotein lipase

MAS multiple acquired shunts

MAT microscopic agglutination testing

MCHC mean cell hemoglobin concentration

MCS muscle condition score

MCV mean corpuscular volume

MDA maternally-derived antibody

ME metabolizable energy

MER maintenance energy requirements

MGG May-Grünwald Giemsa

MMM masticatory muscle myositis

MODS multiorgan dysfunction

MRCP magnetic resonance cholangiopancreatography

MRI magnetic resonance imaging

MVD microvascular dysplasia

N/A not applicable

NAPQI N-acetyl-p-benzoquinone imine

NCC nucleated cell count

NDI nephrogenic diabetes insipidus

NEFA nonesterified fatty acids

NDI nephrogenic diabetes insipidus

NMDA N-methyl-D-aspartate

NPY neuropeptide Y

NRC National Research Council

NSAID nonsteroidal anti-inflammatory drugs

OSPT one-stage prothrombin time

PAA pancreatic acinar atrophy

PAMP pathogen-associated molecular pattern

PANS postattenuation neurological signs

PARR PCR for antigen receptor rearrangements

PCR polymerase chain reaction

PCV packed cell volume

PD polydipsia

PDV patent ductus venosus

PERT pancreatic enzyme replacement therapy

PH portal hypertension

PKHD1 polycystic kidney and hepatic disease 1

PLD polycystic liver disease

PLE protein-losing enteropathy

PLI pancreatic lipase immunoreactivity

PLL pretied ligature loop

PLN protein-losing nephropathy

ppm parts per million

PPVH primary portal vein hypoplasia

PSS portosystemic shunt

PSTI pancreatic secretory trypsin inhibitor

PT prothrombin time

PTE pulmonary thromboembolism

PU polyuria

PU/PD polydipsia/polyuria

PVH portal vein hypoperfusion

RAAS renin-angiotensin-aldosterone system

RBC red blood cell

RDW red blood cell distribution width

RER resting energy requirements

RI reference interval

RIA radioimmunoassay

ROM range of motion

SAA serum amyloid A

SAMe S-adenosyl methionine

SDMA symmetric dimethyl arginine

SH steroid hepatopathy

SIRS systemic inflammatory response syndrome

SLE systemic lupus erythematosus

SPAID Shar Pei autoinflammatory disease

SPINK1 serine peptidase inhibitor Kazal type 1

TAP trypsin activation peptide

TBCT total body computed tomography

TEG thromboelastography

TENS toxic epidermal necrolysis

TFB thin film band

TGFβ transforming growth factor-beta

TIBC total iron binding capacity

TLI trypsin-like immunoreactivity

TMJ temporomandibular joint

TNCC total nucleated cell count

TP total protein

TPR temperature, pulse, respiration

TSH thyroid stimulating hormone

tT4 total thyroxine

UA urinalysis

UDCA ursodeoxycholic acid

UL upper limit

UOsm urine osmolality

UPCR urine protein to creatinine ratio

US ultrasound

USG urine specific gravity

VCE video capsule endoscopy

VH vacuolar hepatopathy

VMC Von Meyenburg complex

vWD von Willebrand disease

vWF von Willebrand factor

vWF:Ag von Willebrand factor antigen testing

vWF:CBA von Willebrand factor collagen binding assay

WHO World Health Organization

WSAVA World Small Animal Veterinary Association
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Vomiting, or emesis, is a common clinical presentation in veterinary practice and can be a distressing experience for both dogs and their owners. It is an intricate physiological process involving a combination of neurological, gastrointestinal, and metabolic pathways. Understanding the pathophysiology and clinical signs of vomiting is essential for a small animal veterinarian to perform a precise diagnosis and plan effective management.

The pathophysiology of vomiting is a complex reflex action initiated in the emetic center of the brain, comprising several nuclei situated in the medulla oblongata. These nuclei house various receptors, including serotonergic (5HT1), adrenergic (alpha-2), and neurokinergic (NK1). Activation of these receptors triggers the complex reflex action of vomiting, serving as a protective mechanism against the ingestion of potentially harmful substances. The emetic center receives input from various sources, including indirect activation through humoral pathways via the chemoreceptor trigger zone (CRTZ) or direct stimulation via neural pathways originating from the gastrointestinal tract, cerebral cortex, vestibular system, or other parts of the body. The CRTZ, located in the postrema area on the floor of the fourth ventricle, lacks a blood-brain barrier, making it sensitive to detecting chemical stimuli in the bloodstream. Both endogenous (e.g., uremic or hepatoencephalic toxins resulting from renal failure or hepatic encephalopathy) and exogenous substances (e.g., drugs, environmental toxins, or endotoxins) can reach the CRTZ. The detection of these substances by the CRTZ signals the need for emesis as a protective response.

The vomiting reflex can also be triggered by neural stimulation of the emetic center through various pathways, including afferent vagal, sympathetic, vestibular, and cerebrocortical paths. Disorders affecting the gastrointestinal tract can stimulate vomiting by triggering the release of serotonin from enterochromaffin cells located in the gut mucosa. The released serotonin binds to 5HT3 receptors on afferent vagus nerves, leading to the stimulation of emesis.1 Therefore, conditions causing gastrointestinal (GI) inflammation or obstruction may result in vomiting due to an increase in serotonin release. Furthermore, the coordination of various muscles during vomiting involves the pharynx, diaphragm, and abdominal muscles. The diaphragm contracts to increase intra-abdominal pressure, while the abdominal muscles contract to expel the gastric or duodenal contents. Simultaneously, the lower esophageal sphincter relaxes to allow the contents to move upward, and the larynx closes to prevent aspiration of vomitus, showing the importance of the reflex.2

In addition to the central and peripheral mechanisms described, vomiting may also occur due to increased intracranial pressure or following stimulation of the vestibular apparatus, commonly seen in conditions like vestibular syndrome.

[image: ]Clinical signs

Vomiting refers to the forceful expulsion of gastric or duodenal contents through the oral cavity. The nature of vomitus can offer clues to the pathophysiology. For instance, the presence of undigested food observed several hours or even a day after ingestion suggests delayed gastric emptying due to gastric outflow obstruction or hypomotility. Conversely, bile-laden vomit indicates a patent gastric outflow tract with an open pylorus, signifying intact small intestinal motility. Blood-tinged vomit, whether fresh blood or coffee-ground appearance, raises suspicion of small gastrointestinal or esophageal erosions, ulcers, or potential bleeding neoplasia.3 A thorough physical examination during a vomiting episode may reveal abdominal pain and distension. Abdominal pain can be indicative of inflammatory processes such as pancreatitis or obstructive lesions. Frequent or prolonged vomiting can lead to dehydration and electrolyte imbalances, manifested by dry mucous membranes, sunken eyes, and reduced skin turgor. Consequent weakness and lethargy may further complicate the clinical presentation. Chronic vomiting may result in weight loss, as the dog experiences nutrient and caloric deficits over time. If an intracranial process is the cause of vomiting, neurological signs may accompany vomiting, such as circling, head pressing, or seizures. The presence of fever is rare in the vomiting dog but may signal systemic infections or inflammatory conditions such as pancreatitis or hepatitis, warranting vigilant monitoring and further workup.

Moreover, it is critical to distinguish between regurgitation and emesis. Regurgitation is characterized by effortless expulsion of undigested food from the esophagus, which points towards esophageal dysfunction or obstruction, while emesis involves active retching and abdominal contractions, indicating underlying gastric or intestinal disturbances. For aspects helping to differentiate vomiting and regurgitation, see Table 1.1.

TABLE 1.1 Differentiation of regurgitation and vomiting.









	
Aspect


	
Regurgitation


	
Vomiting





	
Definition


	
Effortless expulsion of undigested food from the esophagus, passive


	
Forceful expulsion of gastric or duodenal contents, coordinated reflex





	
Clinical significance


	
Points towards esophageal issues


	
Suggests underlying gastric, intestinal, metabolic, visceral, or neurological causes for the clinical sign





	
Associated actions


	
No retching or abdominal contractions


	
Active retching and abdominal contractions





	
Nausea and salivation


	
No


	
Common





	
Presence of bile


	
No


	
Possible





	
Presence of fresh blood


	
Possible


	
Possible





	
Presence of coffee-ground-like digested blood


	
No


	
Possible





	
Amount of material


	
Variable


	
Variable





	
Timing after eating


	
Variable


	
Variable





	
Risk of aspiration


	
High


	
Low
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Establishing whether the dog is vomiting or regurgitating is crucial. This is a critical first step, as the causes and subsequent diagnostic pathways for vomiting and regurgitation are significantly different. Remember, vomiting is a reflex, whereas regurgitation is passive, so with vomiting, there is usually evidence of nausea, and abdominal contractions precede the expulsion of gastric or duodenal contents. Regurgitation typically occurs without warning and involves the expulsion of food or fluid from the esophagus without abdominal effort.4 Owners sometimes confuse coughing with vomiting, but the history should make this clear.

The diagnostic workup of a dog presenting with vomiting requires a meticulous and systematic strategy and is summarized in Algorithm 1.1.

Algorithm 1.1 Note 1 Begin with a thorough history taking and comprehensive physical examination. The veterinary practitioner should pay attention to the character of the vomitus, frequency and duration of vomiting, and any relationships to eating or drinking. Differentiating chronic and acute vomiting (persisting for over 7 days) is crucial, as it can provide valuable insights into the underlying etiology. Other relevant history might include previous episodes of vomiting, concurrent diarrhea, changes in appetite or drinking habits, weight loss, or behavioral changes.

Algorithm 1.1 Note 2 The dietary history is equally important, encompassing any recent changes, brand and type of food used, or the opening of a new food bag or can. The history should also include any potential exposure to toxins, foreign body ingestion, access to garbage, or feeding of table scraps.

Algorithm 1.1 Note 3 The physical examination includes general observations about the dog’s body condition and hydration status, followed by a systematic examination. Abnormalities such as abdominal pain or the presence of a mass could provide clues to the underlying cause of vomiting.

Algorithm 1.1 Note 4 Laboratory tests are invaluable in the initial evaluation, including a complete blood count (CBC), serum biochemistry profile, specific pancreatic lipase (cPLi or DGGR-lipase) and urinalysis. These tests provide a general health assessment and may identify underlying systemic or metabolic diseases, such as kidney disease or liver function abnormalities, diabetic ketoacidosis, electrolyte imbalances or pancreatitis, which might be causing the vomiting. Moreover, especially if additional diarrhea is present, fecal examination for parasites or specific tests for infectious diseases (e.g., parvovirosis or leptospirosis) should be undertaken.9,10

Algorithm 1.1 Note 5 Blood gas analysis, although not essential in all cases, can help to identify metabolic hypochloremic alkalosis as an indicator for a potential gastric outflow obstruction.

Algorithm 1.1 Note 6 Imaging studies, including radiographs and abdomen ultrasound, are often the next step in the diagnostic process. Specific markers can be utilized in these imaging modalities when pyloric or intestinal obstruction is suspected. These findings may prompt further investigation with contrast studies or ultrasound. On ultrasound examination, the pylorus can be assessed for dilation, wall thickness, and the presence of intraluminal contents. Intestinal obstruction can also be visualized through ultrasound, with the identification of distended loops of the intestine, fluid-filled or gas-filled segments. Changes may also be seen in the liver, pancreas or other abdominal organs.6,7

Algorithm 1.1 Note 7 Depending on the initial findings, more specific diagnostic tests might be required. These could include workup in the direction of other uncommon diseases causing vomiting (e.g., hypoadrenocorticism).8

Algorithm 1.1 Note 8 Endoscopy may be indicated in chronic cases when extraintestinal diseases have been ruled out to visualize the GI tract directly (more in the chronic cases) and biopsy to diagnose conditions like chronic gastritis, chronic enteropathy, or neoplasia. Measuring cobalamin and folate and evaluating the dysbiosis index can give hints on any intestinal involvement in the disease in chronic cases.11–13

In conclusion, understanding the pathophysiology, recognizing the clinical signs, and adopting a systematic diagnostic approach is fundamental for effectively managing dogs with vomiting. Although vomiting is a common clinical sign, it can often be a challenge to determine its cause due to the wide variety of underlying conditions. Therefore, a meticulous, organized, and patient-centered approach is critical to reaching an accurate diagnosis and formulating an effective treatment plan, ultimately improving the quality of life for the affected canine patients.


ALGORITHM 1.1

Diagnostic workup of the vomiting dog.
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Understanding the pathophysiology of canine diarrhea necessitates a clear grasp of normal physiological processes within a dog’s gastrointestinal (GI) tract. The small intestine primarily handles food digestion and nutrient absorption. Conversely, the large intestine focuses more on water absorption, fermentation, and stool formation. Disruptions in these activities can result in diarrhea.

There are four key mechanisms by which diarrhea can occur: osmotic, secretory, motility-related, and increased permeability. Osmotic diarrhea arises from the inability to absorb dietary components and their breakdown products, as seen in lactose intolerance, where undigested lactose draws water into the gut or is secondary to any problem causing small intestinal maldigestion and malabsorption. Secretory diarrhea results from excessive secretion of electrolytes and water into the intestinal lumen, often stimulated by bacterial toxins and exemplified by acute hemorrhagic diarrhea syndrome caused by C. perfringens and its pore-forming net-F toxins.1-3 Motility-related diarrhea happens when food moves too quickly through the intestines, commonly occurring in intestinal parasitism or concurrently with other conditions such as inflammatory bowel disease. Permeability diarrhea occurs when there is increased permeability of the gut wall. If this is mild, fluid and proteins are lost into the small intestine, whereas if it is severe, red blood cells can also cross the leaky gut wall. Gut wall edema secondary to portal hypertension in liver disease can cause mild permeability diarrhea, whereas acute hemorrhagic diarrhea syndrome is a good example where there is a severe increase in small intestinal permeability in addition to secretory diarrhea. In reality, many diseases cause diarrhea by several mechanisms concurrently. For example, in exocrine pancreatic insufficiency, there is an element of osmotic diarrhea because of unabsorbed nutrients in the small intestine and secretory diarrhea in the colon stimulated by the irritant bacterial breakdown products of undigested fat.

The two types of diarrhea—small intestinal and large intestinal—manifest differently due to the distinct roles of these GI sections. Small intestinal diarrhea results in large volume but less frequent defecations due to increased fluid content and rapid transit time. In contrast, large intestinal diarrhea presents with more frequent but smaller volume defecations, as the large intestine’s water reabsorption function is compromised (Table 2.1). Cases of small intestinal maldigestion/malabsorption can present with features of both small and large intestinal disease because unabsorbed nutrients passing to the large intestine (particularly fat and protein) are fermented by bacteria in the colon to irritant metabolites.

TABLE 2.1 Clinical differences between small and large intestinal diarrhea. Note dogs may have signs of both small and large intestinal disease (see text), in which case the workup should initially focus on the small intestine.









	
	
Small intestine


	
Large intestine





	
Tenesmus


	
Absent


	
Present





	
Frequency


	
Increased or normal


	
Severely increased





	
Urgency


	
None


	
Present





	
Stool volume


	
Normal or increased


	
Decreased predefecation





	
Hematochezia


	
Absent


	
May be present





	
Melena


	
Maybe present


	
Absent





	
Mucus


	
Absent


	
Present





	
Appetite changes (polyphagia or anorexia)


	
Common


	
Very uncommon*





	
Weight loss


	
Common


	
Very uncommon*





	
*Weight loss and appetite changes are hallmarks of small intestinal disease and not seen in colitis. The exception is histiocytic colitis in Boxer dogs, which is such a severe inflammatory disease that it can lead to systemic clinical signs, e.g., weight loss.
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Diarrhea, whether acute or chronic, is characterized by changes in the frequency, volume, and consistency of stool. The clinical signs can be either generalized or specific, depending on the underlying cause.

Acute diarrhea, typically lasting less than one week, may cause dogs to defecate more frequently, produce watery or loose stools, and possibly show an increased urgency to defecate. Some dogs might also display systemic signs like lethargy, loss of appetite, and vomiting. Most cases of acute diarrhea are self-limiting and may resolve with minimal or supportive treatment. Severe cases may require fluid and electrolyte therapy, particularly in puppies.

Chronic diarrhea persists for over three weeks and is often linked to more serious underlying conditions like chronic inflammatory enteropathies, food intolerance, or neoplasia.4 Affected dogs with small intestinal diarrhea may also show signs such as weight loss, poor body condition, a deteriorating hair coat, and changes in appetite. Moreover, chronic small intestinal diarrhea may lead to malabsorption, manifesting as larger volumes of stool, while chronic colonic diarrhea might present with increased frequency and urgency of defecation, sometimes accompanied by fresh blood or mucus (Table 2.1).
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The diagnostic approach for canine diarrhea should be tailored to each patient based on the severity, duration, and accompanying clinical signs, as well as the age, breed, and overall health status of the patient. In uncomplicated patients with acute diarrhea, only history and clinical examination might be enough for the first steps of tailoring in symptomatic management of the clinical signs.

The diagnostic approach to the dog with diarrhea is shown in Algorithm 2.1.

Algorithm 8.1 Note 1 Diagnosing canine diarrhea starts with a comprehensive history and thorough physical examination. Understanding factors like duration, frequency, and consistency of the stool, as well as any concurrent systemic signs, helps differentiate between acute and chronic and large and small intestinal diarrhea (Table 2.1). Information about the dog’s diet, exposure to foreign materials, recent medication use, vaccination status, and interaction with other animals is also crucial. Physical examination can yield significant insights, extending beyond the GI tract. Abdominal palpation may reveal pain, masses, or organ enlargement. Other systems should be evaluated, as diarrhea could be a secondary clinical sign of systemic diseases like pancreatitis, liver disease, or renal disease.

Algorithm 8.1 Note 2 Baseline diagnostics in chronic or acute diarrhea that does not resolve with symptomatic treatment should include a complete blood count (CBC), serum biochemical profile, and urinalysis. These tests are crucial for identifying systemic or extraintestinal diseases that might present with diarrhea and electrolyte abnormalities, which need treatment if the diarrhea is severe. Anemia may indicate chronic GI bleeding, while elevated white blood cell counts could suggest inflammation or infection.

Algorithm 8.1 Notes 3 and 4 Biochemical tests can reveal liver or kidney disease, as indicated by elevated liver enzymes combined with hyperbilirubinemia or azotemia, respectively. In cases of elevated kidney parameters, prerenal azotemia (due to dehydration) must be ruled out using urine specific gravity.

Algorithm 8.1 Note 5 Chronic conditions may show hypoalbuminemia, potentially indicating a protein-losing enteropathy, especially when accompanied by normo- or mild hyperglobulinemia.5

Algorithm 8.1 Note 6 In cases of hemorrhagic diarrhea, increased packed cell volume (PCV) symbolizing severe dehydration is a hallmark of acute hemorrhagic diarrhea syndrome.

Algorithm 8.1 Note 7 In juvenile dogs, inadequately vaccinated individuals, and dogs with severe neutropenia, suspicion of parvovirus infection must arise, leading to adequate testing.6

Algorithm 8.1 Note 8 In acute or chronic diarrhea, measurement of pancreatic lipases together with abdominal ultrasound could diagnose pancreatitis.

Algorithm 8.1 Note 9 Fecal analysis is one of the most direct methods for evaluating the cause of diarrhea. Basic tests include fecal flotation and direct smears to identify common parasites. When parasites or ova are found, targeted deworming can swiftly resolve the diarrhea.

Cultures and sensitivity tests on fecal samples might be carried out in cases of suspected bacterial enteritis. However, routine fecal cultures are generally not recommended due to the commensal nature of many intestinal bacteria and the risk of culture contamination. Quantitative cultures or PCR testing for particular pathogens (like Salmonella spp. or Campylobacter spp.) could be beneficial in specific situations.

Parvovirus point-of-care (POC) antigen testing is specific but not highly sensitive for diagnosing parvovirus. If a negative POC test occurs, more sensitive PCR testing is recommended.7

Algorithm 8.1 Note 10 Cobalamin (vitamin B12), folate levels, and serum TLI are particularly useful in cases of chronic diarrhea. Low serum cobalamin levels, irrespective of the cause, have been associated with poorer disease outcomes, underscoring its importance in the workup of chronic diarrhea.

Algorithm 8.1 Note 11 In chronic diarrhea, finding these typical clinicopathological changes should raise suspicion of hypoadrenocorticism, and measurement of basal cortisol or an ACTH stimulation test would be indicated.

Algorithm 8.1 Note 12 The dysbiosis index, a recent addition to the diagnostic toolkit, measures the abundance of various bacterial groups in the feces. This test helps diagnose dysbiosis, a condition marked by an imbalance of gut bacteria, which may underlie chronic diarrhea.8

Algorithm 8.1 Note 13 Imaging techniques become especially useful when physical examination and laboratory findings are inconclusive. Abdominal radiographs can help identify foreign objects, intestinal obstructions, or significant changes in organ size or position. In certain instances, contrast radiography may be required to better visualize the intestinal tract.

Abdominal ultrasound offers more detailed insights into the structure of the intestinal wall, the presence of masses, or changes in nearby organs like the liver or pancreas. It is now the preferred imaging modality for dogs with diarrhea. The technique is particularly useful for identifying conditions like protein-losing enteropathy (evidenced by mucosal striations) or neoplasia.5

Algorithm 8.1 Note 14 Endoscopy allows for direct visualization of the mucosal surface of the GI tract and enables biopsy sample collection. It is particularly valuable for diagnosing conditions like inflammatory bowel disease, intestinal lymphangiectasia, or neoplasia. Although less invasive than full surgical biopsies, endoscopy does require specialized equipment and an experienced operator to take diagnostic intestinal biopsies, making it better suited for chronic or severe cases where other diagnostic measures have failed. Histopathological examination of biopsy samples often provides a definitive diagnosis for chronic diarrhea cases. The observations made during this examination can guide the treatment plan. Special staining techniques can be employed to identify specific pathogens or to better characterize cellular changes in certain diseases (e.g., PAS reaction in histiocytic-ulcerative colitis).9,10


ALGORITHM 2.1

Diagnostic approach to the patient with diarrhea.
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Unintentional weight loss is frequently reported in clinical practice and reflects disorders that hinder food intake, impede nutrient absorption or metabolism, accelerate metabolic demand, or are associated with nutrient loss (Table 3.1). Regular monitoring of body weight should be regarded as an integral component of routine health assessments of dogs and cats. Loss of more than 5% of body weight should be considered significant enough to warrant further investigation.1

Maintenance of the body’s overall mass and composition requires a balance between energy intake and energy expenditure. Both short-term and long-term control mechanisms regulate this equilibrium. Short-term mechanisms involve feelings of hunger and satiety, affected by environmental and psychogenic factors that influence specific centers of the brain, especially the hypothalamus. Long-term regulation involves feedback mechanisms controlled by the level of nutrients and amount of adipose tissue of the individual and their effect on food intake. Ambient temperature can also affect food intake. Thus, an increase or decrease in intake can occur when an animal is exposed to either cold or heat.2 The physiologic regulation of food intake, including the influence of sensory, metabolic/hormonal, and environmental signals, is outlined in more detail in chapter 4.

Changes in body weight or condition can reflect starvation and/or cachexia, which are distinct physiologic processes. In starvation, healthy animals that are not receiving enough calories to meet their needs are able to make metabolic adjustments to enable the utilization of body fat as a primary fuel source, allowing relative preservation of lean body mass (LBM). Byproducts of this process are converted into ketone bodies, particularly β-hydroxybutyrate, which can traverse the blood-brain barrier and provide energy to brain cells. In comparison, in animals with chronic/inflammatory disease, amino acids from the muscle remain the primary energy source, leading to rapid breakdown of LBM and resulting in cachexia.3

In veterinary patients, cachexia has been particularly associated with cancer, renal, cardiac, and chronic respiratory disease, where the production of humoral factors (e.g., inflammatory cytokines, catecholamines, cortisol, insulin, glucagon) suppresses food intake but can also impair metabolism, and/or lead to the disruption of nutrient processing.3 Their contributions to nausea and vomiting can also affect nutrient intake and further contribute to weight loss.

TABLE 3.1 Pathophysiological classification of causes of weight loss in small animals.*
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In some illnesses, weight loss may be multifactorial. For example, hyporexia or anorexia may be concurrent with increased energy expenditure (i.e., cachexia), resulting in serious weight loss (i.e., wasting syndrome). It is also possible to see weight loss as a result of sarcopenia as defined by a loss of lean body mass (LBM) related to age. This can occur independently of disease or coexist with cachexia in older individuals.3

[image: ]Clinical signs

Monitoring of body weight and body condition score (BCS), together with taking a dietary history, is integral to a physical examination. The goal for most pets is a BCS of 4 to 5/9, where the ribs are palpable without excessive covering fat and where the waist and abdominal tuck are easily visible.4 Body condition assessment should also include a separate evaluation of muscle mass (i.e., a muscle condition score [MCS]) as a subjective means of assessing lean tissue status. This includes visual examination and palpation over the temporal bones, scapulae, lumbar vertebrae, and pelvic bones. The World Small Animal Veterinary Association (WSAVA) offers excellent body and muscle condition score tools for dogs and cats to aid in accurate patient assessment.4

A low BCS indicates a suboptimal body weight, with loss of subcutaneous fat, prominent skeletal structures, and an emaciated appearance (Fig. 3.1). In cachectic patients, this will often be characterized by disproportionate muscle loss compared to fat. Recognition of cachexia is important because muscle loss is greater in patients with most acute and chronic diseases (i.e., stressed starvation) compared to healthy animals deprived of food where primarily fat is lost (i.e., simple starvation), and as animals with cachexia may not respond as expected to therapeutic interventions and nutritional support.3

As unintentional weight loss is nonspecific and rather an indicator of either inadequate nutrition or underlying illness, it is always important to assess for accompanying clinical signs that might provide clues to reflect a more specific underlying pathological process.
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FIG. 3.1 A 16-year-old, spayed female Beagle dog presenting with marked cachexia despite a pendulous abdomen and an estimated body condition score of 2/9. The underlying cause was an adrenocortical carcinoma with metastatic disease involving the liver.

[image: ]Diagnostic approach

Algorithm 3.1 shows the approach to patients presenting with weight loss.

Algorithm 3.1 Note 1 Diagnosing the reason behind unintended weight loss in dogs and cats can pose a challenge in the absence of specific clinical signs or examination findings. As an initial step, a careful review of the patient’s dietary history, appetite, and ability to eat should be collected. This should include details regarding the dietary quality and calorie content, caloric intake relative to maintenance energy requirements (MER) provided, the amount of daily exercise, and the patient’s environment (food competition or other psychological factors that might impede intake).

Algorithm 3.1 Note 2 Comparing estimated MER with daily caloric intake is useful to estimate whether the animal is consuming enough calories. The RER should be calculated using the following equation: RER = 70 × (body weight [kg])0.75. The RER is then multiplied by different factors (Table 3.2) to calculate the maintenance energy requirements (MER), which are mainly influenced by age, neuter status, life stage, and activity levels.4,5 It should be remembered that this is only an estimate, and individual animals usually have requirements that are less or more than this.

TABLE 3.2 Coefficients to calculate the estimated daily energy requirements in dogs and cats*.









	
Nutritional assessment factors


	
Dogs


	
Cats





	
	
(to be multiplied by RER)





	
Growth


	
0-4 months: ×3

4 months-adult: ×2


	
×2.5





	
Intact adult


	
×1.6-1.8


	
×1.4-1.6





	
Neutered adult


	
×1.4-1.6


	
×1.2-1.4





	
Inactive/obese-prone


	
×0.8


	
×1





	
Working adult


	
Light: ×1.6-2

Moderate: ×2-5

Heavy: ×5-11


	



	
Gestation


	
×3 (last 3 weeks)


	
×1.6-2





	
Lactation

(based on number of offspring and weeks of lactation)


	
×3-≥6


	
×2-6





	
*Please note that these are estimated energy requirements based on the patient’s life stage and activity levels; adjustments may be needed based on regular monitoring of the patient’s body weight and BCS.







Algorithm 3.1 Note 3 Clarifying interest and ability to eat can require direct observation of food consumption to evaluate for conditions that impede prehension, chewing, and swallowing of food. When appetite is normal, or if polyphagia is reported, the index of suspicion for excessive nutrient loss or overutilization of nutrients due to physiological or pathologic causes will be increased. If hyporexia or anorexia are reported, a broad range of underlying conditions may need to be considered.

Algorithm 3.1 Note 4 Physical examination might also identify abnormalities that offer insights into the underlying cause of weight loss. Particular attention should be paid to the oral cavity, cardiopulmonary auscultation, palpation of the cervical/thyroid area, and the abdominal cavity. Depending on the constellation of presenting findings, a more targeted physical examination (e.g., neurological or orthopedic examination) may be necessary. Other clinical findings, such as the presence of gastrointestinal or respiratory signs, might help pinpoint an organ system of interest.

Algorithm 3.1 Note 5 If an oral cavity or swallowing disorder is suspected, further investigation under general anesthetic and/or imaging studies, including videofluoroscopy and electrodiagnostic, might be indicated.

Algorithm 3.1 Note 6 Hematology, serum biochemistry, and urinalysis findings may be nonspecific, but equally, they might uncover the underlying cause of presentation. However, additional diagnostics can be required depending on preliminary clinicopathologic findings. For example, markers of malabsorption (i.e., cobalamin and folate levels), maldigestion (i.e., trypsin-like immunoreactivity), and intestinal protein loss (i.e., fecal alfa-1-antitrypsin) may be considered if a chronic gastrointestinal disease is suspected. Detection of persistent hyperglycemia might lead to the measurement of fructosamine. Beyond these preliminary steps, and where no specific cause is yet evident, or to further evaluate identified underlying disease as a cause, radiographic or ultrasonographic studies might be needed. Additional diagnostic steps to explore potential diagnoses in greater detail will depend upon these initial results.1


ALGORITHM 3.1

Diagnostic approach to unintentional weight loss.
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Anorexia is a term used to describe lack of appetite or inability to eat, while hyporexia defines a reduction of appetite. Both anorexia and hyporexia are common, nonspecific findings in dogs and can be seen in either acute or chronic presentations. When prolonged anorexia or hyporexia occurs, inadequate nutritional intake can contribute to serious sequelae, such as immune suppression and secondary organ dysfunction.
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Regulation of food intake is a complex process involving the integration of endogenous and exogenous factors that affect the central nervous system (CNS), particularly the hypothalamus and brainstem, resulting in hunger or satiety. The lateral hypothalamic nuclei represent the “feeding center”, while the ventromedial hypothalamic nuclei are considered the “satiety center”. In general, the feeding center is constantly active unless inhibited by the satiety center. The brainstem nucleus of the solitary tract and area postrema have secondary coordinating roles.

Signals affecting CNS centers for hunger and satiety can be grouped into three major categories, including sensory, metabolic, and environmental inputs.1 Sensory signals include orosensory factors, such as flavor, smell, and physical attributes of the food, such as its temperature, water content, texture, and consistency. These factors also contribute to the palatability of a meal, which is considered specific to each patient. Preferences towards specific food characteristics develop over time, with avoidance of others.

Metabolic signals are driven by hormones, mostly produced by neurons, as well as those produced by gastrointestinal and pancreatic cells, which in turn have effects on the hypothalamus. Among the orexigenic (that is, appetite-stimulating) factors, neuropeptide Y (NPY) has a central role in regulating hunger. Other hormones affect hunger indirectly by either stimulating or suppressing NPY production. For example, secretion of NPY is induced by low insulin concentration (e.g., during starvation or in pathologic processes such as diabetes), as well as endogenous and exogenous glucocorticoids. Leptin, produced mainly by adipocytes, is conversely the main factor that induces a reduction of NPY secretion, thereby contributing to satiety.

Additional gastrointestinal hormones that affect the hypothalamus include cholecystokinin (CCK), which is produced in response to fat and protein content in a meal and suppresses food intake, most likely to allow digestion of these substances. Ghrelin, produced primarily by the stomach when empty, has orexigenic properties that are thought to be secondary to stimulation of the orexigenic agouti-related protein (AGRP) neurons and concurrent inhibition of the anorexigenic pro-opiomelanocortin (POMC) neurons. Other gastrointestinal hormones can act either locally or have central actions within the CNS to reduce CNS-derived hunger signals. This includes insulin, glucagon, PYY, and pancreatic peptide.2

Environmental factors can affect appetite and sometimes Override both sensory and metabolic signals. These can include the timing and location of meals and psychological factors such as ambient noise, type of bowls, and the presence of people or other pets during feeding. Equally, learned behaviors and past experiences can affect food intake. Thus, a variety of psychological components can ultimately interfere with food consumption and lead to so-called “learned food aversion”.

[image: ]Clinical signs

It is important to differentiate anorexia from pseudoanorexia. Pseudoanorexia occurs when there is still interest in food, but the type of food or environmental conditions are changed such that they impact consumption. True anorexia occurs when there is a refusal of food despite encouragement and modifications of environmental factors.

Sometimes, concurrent hypersalivation or lip smacking is reported when offering food, which can reflect one of the main contributors to lack of appetite and/or nausea. Nausea is a complex mechanism finely regulated by several regions within the CNS that are also involved in the regulation of appetite. This includes the cerebral cortex, the chemoreceptor trigger zone, the oculovestibular system, the nucleus tractus solitarius and the emetic center in the medulla oblongata.3 These areas can be stimulated directly or indirectly via gastrointestinal stimuli (more details can be found in chapter 1). Nausea secondary to a variety of systemic diseases can significantly reduce appetite.

Duration of hyporexia and anorexia can mirror chronicity associated with the underlying disease. Duration of appetite change should be correlated with changes in body weight and the body condition score, as these factors can be indicative of disease severity.

In most cases, a lack of appetite is not the only presenting complaint, and additional signs are described that help to point towards an underlying disease process. For example, hyporexia or anorexia are commonly reported in dogs with primary gastrointestinal disease or pancreatic diseases, organ failure, neoplasia or conditions causing inflammatory states or pyrexia. Often, the underlying mechanism is linked with the production of cytokines (e.g., TNF-α, IL-1) or accumulation of substances normally metabolized by the diseased organ (e.g., uremic toxins accumulating secondary to renal dysfunction or bilirubin/neurotoxins accumulating secondary to hepatic dysfunction) that then affect the hypothalamic feeding center either directly or indirectly.3

Chronic or acute pain, particularly abdominal, e.g., associated with pancreatitis or due to obstructive choledocolithiasis, or pain localized in the mouth, e.g., dental disease or stomatitis, can also negatively impact food consumption.

Hyporexia and anorexia can also be sequelae to various medications prescribed to manage a variety of diseases that, for example, cause gastric irritation, ulceration, or functional ileus. Therefore, a careful audit of currently administered therapeutics is important to determine if this is likely.
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The approach to the patient with hyporexia or anorexia is shown in Algorithm 4.1.

Algorithm 4.1 Note 1 Differential diagnoses for alterations in appetite can be broad and include any acute or chronic disease. In patients presenting with anorexia or hyporexia, a more directed diagnostic approach can be facilitated by careful collection of historical information and a thorough physical examination. In doing so, a more specific problem may be identifiable to direct diagnostics towards, or it may be possible to determine if a patient has pseudoanorexia/hyporexia due to either situational or iatrogenic factors (environmental, anorexigenic drugs).

Dietary history should, ideally, include diet type, how much of what is offered is consumed, whether the animal is eating its calculated resting energy requirements (RER) (see chapter 3 for more details), and feeding management/environment, as this can help pinpoint specific dietary or environmental factors such as fear or food competition. Physical examination should always include an assessment of the patient’s body condition and muscle score.

Algorithm 4.1 Note 2 Environmental triggers resulting in pseudoanorexia can include changes in the person in charge of feeding, introduction of new people or pets, or changes in the food bowl or feeding schedule. Food competition or interactions with other household pets may also have significant impacts.

Algorithm 4.1 Note 3 Dietary factors causing pseudoanorexia vary from type of diet offered, palatability, and physical characteristics (e.g., warmth, water content, wet/dry form). Mixing medications into meals can also make food less palatable and negatively impact the perceived palatability of the diet.

Algorithm 4.1 Note 4 Various medications can negatively affect appetite. Table 4.1 summarizes anorexigenic drugs or drugs that can result in gastrointestinal side effects and lack of appetite. Discontinuation of medications with a potential to negatively impact appetite is recommended, i.e., where nausea or anorexia are observed immediately after initiation and/or administration. Where this is not possible, treatments aimed at reducing nausea and improving gastrointestinal motility can be considered.

TABLE 4.1 Medications commonly causing anorexia and hyporexia in dogs.







	

	[image: ]Antibiotics: amoxicillin, ampicillin, cephalexin, chloramphenicol, erythromycin, tetracycline, trimethoprim/sulfadiazine
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Algorithm 4.1 Note 5 Careful clinical questioning and/or observation of eating behaviors can also be of benefit to assess prehension, mastication, bolus formation, and swallowing. Direct evaluation of eating can be useful in addition to an owner’s description to determine if oral pain, dysphagia, or regurgitation are present, and this can then lead to oral cavity examination, assessment of cranial nerve function, or swallowing studies.

Algorithm 4.1 Note 6 Oral pain could be secondary to dental disease, stomatogingivitis (primary or secondary to systemic diseases), oral ulcers, abscesses, or masses that cause discomfort during prehension, chewing, or swallowing. The presence of oral foreign bodies can result in similar signs. Pain when opening the mouth or trismus can also contribute to anorexia and be secondary to a plethora of diseases, including masticatory muscle myositis (MMM), temporomandibular joint (TMJ) disease, fractures, or retrobulbar disease, amongst others.

Algorithm 4.1 Note 7 Dysphagia, especially affecting the oropharyngeal phase of eating, can result in anorexia, although these patients may demonstrate a keenness but inability to eat or have pseudoanorexia. Underlying causes can include polyneuropathies, trigeminal or facial nerve diseases, as well as trauma. Regurgitation or esophagitis associated with esophageal dysphagia can also result in anorexia, often associated with nausea.

Algorithm 4.1 Note 8 A neurologic examination with particular attention to cranial nerve deficits could be useful to determine the origin of dysphagia. Other tests, e.g., electromyographies (EMGs) or AchR autoantibodies or infectious diseases tests (e.g., Toxoplasma spp., Neospora spp.) could also be considered based on presentation/neurologic findings to investigate neuropathies further. Fluoroscopy is sometimes useful to understand the cause of dysphagia, possibly in association with head and esophageal/thoracic imaging.

Algorithm 4.1 Note 9 Pain is a common cause of reduced appetite. A thorough physical examination helps to locate a source of pain and may direct the clinician toward a specific disease. For example, cranial abdominal discomfort can be seen with pancreatitis or gastrointestinal diseases, whilst retroperitoneal discomfort is more frequently demonstrated in conditions affecting the kidneys (e.g., pyelonephritis). Generalized abdominal discomfort is more difficult to interpret and can reflect primary GI disease or peritonitis, although referred pain due to spinal disease should not be dismissed (see chapter 11 for more details on cranial abdominal pain).

Some painful conditions, such as orthopedic or neurological diseases, can impact the ability to reach food physically.

Algorithm 4.1 Note 10 The minimum diagnostic workup should ideally include hematology, biochemistry, and urinalysis. Further diagnostics (e.g., cPLI, TLI, cobalamin, folate, ACTH stimulation test) and diagnostic imaging may be indicated based on the overall clinicopathologic findings.

Algorithm 4.1 Note 11 Where clinical and clinicopathologic findings fail to identify a cause definitively, the clinician might consider supportive treatment trials (antiemetics, analgesia, and orexigenic medications) where signs are acute and potentially due to gastroenteritis. Where signs are more chronic, performing gastrointestinal biopsies to exclude chronic enteropathy manifesting as hyporexia/anorexia may be a consideration. Offering a new diet may be reasonable in case refusal to eat reflects dietary preferences and/or poor dietary palatability. A hydrolyzed diet trial could also be discussed if there is suspicion that a food-responsive enteropathy could be present.


ALGORITHM 4.1

Diagnostic approach to lack of appetite or poor appetite.
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Polyphagia is defined by an increased food intake and can be further classified according to the etiology into three groups: (1) physiologic, which satisfies the need for a normal increase in metabolic rate (e.g., intense exercise, pregnancy, cold temperatures); (2) pathologic, when associated with diseases and, generally, with weight loss or gain; or (3) iatrogenic, secondary to drug administration (e.g., phenobarbital, corticosteroids, mirtazapine, antihistamines, progestins). In addition, breed-related differences in appetite exist: e.g., Labrador Retrievers and Flat-Coated Retrievers can suffer from a deletion in the pro-opiomelanocortin (POMC) gene, and this seems to be associated with adiposity and a greater food motivation;1 on the other hand, smaller dogs often show more selective appetite.

Several neuronal centers in the hypothalamus participate in the control of food intake: polyphagia can be induced when the lateral nucleus is stimulated, whereas a total lack of interest in food can be seen following its destruction.2 The ventromedial nucleus is the major satiety center and can transmit a nutritional satisfaction impulse inhibiting the feeding center. Moreover, hypothalamic nuclei can control the secretion of hormones involved with the regulation of metabolism and appetite, such as thyroidal, adrenal, and pancreatic hormones.

Neural signs from the gastrointestinal tract, chemical signs from nutrients in the blood, hormones produced by the gastrointestinal tract and adipose tissue, and signals from the cerebral cortex reach the hypothalamic nuclei, controlling food intake. Orexigenic (i.e., appetite-stimulating) hormones such as endorphins, cortisol, and ghrelin or anorexigenic (i.e., appetite suppressing) hormones such as leptin, serotonin, insulin, cholecystokinin influence the satiety center by altering appetite and feeding behavior.

A short-term system to regulate food intake exists: for example, cholecystokinin, released when lipids and proteins reach the duodenum, stimulates gallbladder contractions and gastric acid secretion and sends signals to the brain through the vagus nerve, ultimately contributing to satiety. Conversely, ghrelin is released by gastric oxyntic cells mainly during fasting and induces an increase in food intake in animals. An intermediate/long-term regulation of food intake is also present: glucose, amino acids, and lipids in the bloodstream can interfere with satiety and hunger; cold environmental temperatures can increase food intake, whereas leptin released by adipose tissue can decrease food intake, although this action is less effective in overweight animals.3

Nutritional deficiency can cause polyphagia; for example, dogs fed poorly balanced home-made diets or insufficient quantities of manufactured diet for their caloric needs. In addition, some dog breeds, such as Labrador Retrievers, are less able to regulate their appetites than other breeds. When physiologic, environmental, breed-related, and iatrogenic causes of polyphagia are excluded, some diseases typically associated with polyphagia in dogs and cats should be considered.

For example, dogs affected by hyperadrenocorticism, unlike humans and cats, show polyphagia because of an increased level of serum cortisol. Polyphagia in humans with diabetes mellitus is explained by the incapacity of glucose to enter the satiety center neurons in the absence of insulin and, as a consequence, the absence of intracellular glucose to reduce the feeling of hunger, in addition to weight loss due to glycosuria.4 It is likely that the same mechanisms exist in dogs to justify polyphagia as one of the typical symptoms of diabetes mellitus. Insulin excess (e.g., insulinoma) can lead to polyphagia commonly associated with weight gain, whereas hypoglycemia (e.g., hepatic dysfunction arising from congenital or acquired liver diseases) can cause polyphagia associated with poor body condition. In cases of hyperthyroidism (rarely reported in dogs and typically caused by thyroid carcinoma), an increased metabolic rate is responsible for polyphagia associated with weight loss and behavioral and gastrointestinal alterations. Polyphagia may also occur due to an increase in metabolic rate caused by other neoplastic processes using energy inefficiently.

Polyphagia may occur due to maldigestion/malabsorption of food. Appetite changes are common in small intestinal inflammatory bowel disease, and affected dogs may show either a reduced or increased appetite. Exocrine pancreatic insufficiency (EPI) is another relevant cause of polyphagia, either caused by pancreatic acinar atrophy or tissue destruction in chronic pancreatitis, with other rare causes including pancreatic duct obstruction, juvenile pancreatic hypoplasia and selective enzyme deficiency (see chapter 20 for more details).5,6,7,8 In end-stage chronic pancreatitis, both EPI and diabetes mellitus may be present and responsible for polyphagia.9 Another example of polyphagia secondary to malnutrition and reduced food assimilation is megaesophagus (congenital or acquired), especially if appropriate assisted feeding measures are not implemented (e.g., vertical feeding, selection of better-tolerated food consistency).

Finally, increased loss of nutrients may be associated with polyphagia, for example, in protein-losing enteropathy or nephropathy, in addition to the glycosuria of diabetes mellitus.
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When presented with a dog with presumed polyphagia, it is important to consider the patient’s age, sex, reproductive status, and exercise levels, together with diet and caloric intake. Some dogs can be particularly food-driven, showing an excellent appetite since early life, and this is more common in certain breeds, e.g., Labrador Retriever. Pregnant or lactating bitches and racing dogs may show increased appetite in response to increased caloric expenditure, while neutered dogs might develop increased appetite following neutering surgery. A full dietary history should be taken. Any dietary change and introduction of more palatable, highly caloric foods (in the case of weight gain) or feeding of insufficient calories (in the case of weight loss) will need to be ruled out. The duration of the perceived polyphagia and the presence or absence of accompanying clinical signs (e.g., polyuria and polydipsia, weight loss, or diarrhea) will need to be ascertained.

Clinical signs of EPI related to pancreatic acinar atrophy are usually seen in young adults (1-4 years) and certain breeds.6 Moreover, an aged dog with a history of chronic pancreatitis or gastrointestinal signs should be tested for EPI in the presence of polyphagia and weight loss. The presence of gastrointestinal signs associated with polyphagia might give clues as to which is the underlying pathology: in the case of regurgitation, megaesophagus will need to be ruled out, whereas vomiting and diarrhea can indicate a chronic intestinal or pancreatic disease with malabsorption (parasitism, chronic inflammatory enteropathy, neoplasia, chronic pancreatitis).

If concurrent polyuria and polydipsia are reported, diabetes mellitus and hyperadrenocorticism should be considered; in cases of polyphagia associated with severe weight loss in an old dog, a neoplastic condition should be suspected, and full investigations for occult neoplasia are indicated, including neck palpation to rule out the presence of a cervical mass (functional thyroid carcinoma with subsequent hyperthyroidism).
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The diagnostic approach to polyphagia is shown in Algorithm 5.1 (and summarized also in Table 5.1).

TABLE 5.1 Main causes of polyphagia in dogs according to their pathophysiological classification.
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Algorithm 5.1 Note 1 To best define the initial diagnostic approach, it is advisable first to determine whether polyphagia is occurring in the face of weight loss or weight gain, as this will affect the list of differential diagnoses and the choice of diagnostic tests and their relative order.

Algorithm 5.1 Note 2 Moreover, the signalment could help to understand if the quality and quantity of food are adequate for the patient; in a young dog, it is important to evaluate its growing curve and definitive weight because polyphagia can mask an inappropriate energy intake. Not only the quantity but also the quality of food should be considered in a growing puppy, considering the different food composition for adults. Calculating the dog’s energy requirement is possible using the formulae detailed in chapter 3 and Table 3.2, although any formula is only an average value and not an exact figure for every dog. Owners should be encouraged to use this as a starting point and then feed to maintain adult body weight. Therefore, the metabolizable energy of the administered food can be used to evaluate if the dog is assuming a correct intake after calculating its daily energy requirement.

Algorithm 5.1 Note 3 If the history shows vomiting, diarrhea, or regurgitation and/or if the dog shows a poor coat suggestive of fat maldigestion, the investigation will focus on ruling our maldigestion/malabsorption.

Algorithm 5.1 Note 4 A TLI value less than the cutoff for EPI defined by the laboratory indicates EPI, whereas if the TLI value is in the gray zone, it should be reassessed within one month or after trial therapy with pancreatic enzymes in animals with consistent clinical signs (for more details see chapter 20). Moreover, if EPI is strongly suspected, but TLI is within normal reference intervals, it is suggested that potential chronic pancreatitis be considered and an appropriate workup pursued (see chapters 19 and 20). A trial course of pancreatic enzymes might be indicated in suspected chronic pancreatitis.

Algorithm 5.1 Note 5 Cobalamin or vitamin B12 should be supplemented whenever serum cobalamin concentration is suboptimal (less than 400 ng/L). Acquired hypocobalaminemia in dogs is generally due to a decreased absorption from the ileum (chronic inflammation, surgical resection), microbial consumption, or an absence of the intrinsic factor, which is mainly produced by the pancreas (e.g., EPI).10

Algorithm 5.1 Note 6 Among the causes of megaesophagus, myasthenia gravis should be considered. Its confirmation is possible through the measurement of acetylcholine receptor autoantibody by radioimmunoassay.11

Algorithm 5.1 Note 7 A normal or increased serum insulin concentration during hypoglycemia (<40 mg/dL) can confirm an abnormal insulin production and, as a consequence, strengthen the suspicion of insulinoma. In this case, searching for a pancreatic mass through imaging (abdominal ultrasound examination, total body computed tomography [TBCT], or abdominal magnetic resonance imaging, MRI) is strongly suggested.


ALGORITHM 5.1

Diagnostic approach to polyphagia.
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