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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


In the fascinating world of endocrinology, scientific knowledge and technology have advanced greatly in recent years. Alongside, our ability to diagnose, treat, and manage various endocrine disorders has progressed too. The goal of this textbook is to provide an up-to-date, comprehensive, yet accessible resource for understanding and managing endocrine disorders in dogs.

The book is divided into two parts. The first part adopts a problem-oriented approach to the most common clinical and laboratory abnormalities in dogs with endocrine diseases. We provide algorithms that guide veterinarians step by step in diagnostic evaluation and setting up the treatment. This section serves as a quick reference guide in clinical situations. Additionally, part one covers practical topics such as blood pressure measurement and glucose monitoring. The chapters are supplemented by video material, enhancing comprehension of handling and procedures. These videos do not only facilitate learning for the professionals but can also be shared with owners.

Part two focuses on endocrine diseases. Each chapter starts with the basic anatomy and physiology of the specific endocrine glands, followed by detailed discussions on clinical signs, diagnostic methodologies, and management strategies. Chapters are richly supplemented with boxes, tables, algorithms, charts, imaging studies, and illustrations. Each chapter features a key fact box summarizing the most crucial information. The chapters on diabetes mellitus and Cushing’s syndrome are broken down into multiple subchapters. This allows for the inclusion of additional experts offering insights on specific subject matter, such as nutrition, radiation therapy, and diagnostic imaging.

In writing this book, we have had the privilege of collaborating with phenomenal veterinary experts from around the globe. While you will encounter well-known authors, you will also discover some new names. One of our key missions was to pair emerging talents with their professional mentors. The expertise and critical attitude of the authors were indispensable throughout the writing process, making editorial tasks both enjoyable and rewarding. Additionally, special thanks to Edra, and particularly Constanza Smeraldi, for providing state-of-the-art visuals in the book. They significantly ensure that the reading material is easy to understand. Finally, whenever we had doubts, we had the privilege of receiving immediate advice from a friend who is one of the “fathers” of veterinary endocrinology. Thank you, Ed Feldman, for the constant positive and professional support you have provided us.

The recommendations provided in our book are based on research, clinical experience, and expertise, but also practicality and cost-effectiveness. Nonetheless, what may be effective today may be improved upon tomorrow. Science encourages curiosity and urges us to challenge existing beliefs. Therefore, while providing a go-to reference book for veterinarians, veterinary students, residents, and enthusiasts of endocrinology, we also aspire for our book to serve as an inspiration, reminding readers to maintain an open-minded attitude.

Sara Galac
Federico Fracassi
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3MT 3-methoxytyramine
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AA abiraterone acetate

AC adenylate cyclase

AcAc acetoacetate

ACEi angiotensin-converting enzyme inhibitors

AChR acetylcholine receptor

ACTH adrenocorticotropic hormone

ACTHst ACTH stimulation test

ACVIM American College of Veterinary Internal Medicine

AD adrenal-dependent

ADH antidiuretic hormone

ADHC adrenal dependent hypercortisolism

AIA autoinsulin antibody

AKI acute kidney injury

ALIVE Agreeing Language in Veterinary Endocrinology

ALP alkaline phosphatase

ALT alanine aminotransferase

Ang II angiotensin II

ANS aniline naphthalene sulphonic acid

APS autoimmune polyendocrine syndrome

AQP aquaporin

ARB angiotensin receptor blockers

AST aspartate aminotransferase

AT adrenal/adrenocortical tumor

ATP adenosine triphosphate

AVP arginine vasopressin

BAL bronchoalveolar lavage
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BCS body condition score

BGc blood glucose concentration

BGC blood glucose curve

BHB beta-hydroxybutyrate

BHD black hair follicular dysplasia

bid bis in die

BP blood pressure

cAMP cyclic adenosine monophosphate

CaSR calcium-sensing receptor

CAR cortisol-to-ACTH ratio

CBC complete blood count

CCD canine cognitive dysfunction

CCK cholecystokinin

CDA color dilution alopecia

CDI central diabetes insipidus

CECT contrast-enhanced computed tomography

CEN concurrent endocrine neoplasia

CEUS contrast-enhanced ultrasound

CMG congenital myasthenia gravis

CGM continuous glucose monitoring

CGMS continuous glucose monitoring system

CGRP calcitonin gene-related peptide

CHG congenital hypothyroidism with goiter

CK creatine kinase

CKD chronic kidney disease

CLIA chemiluminescent immunoassay

CLIP corticotropin-like intermediate-lobe peptide

CNS central nervous system

CO cardiac output

COMT catechol-O-methyltransferase

CPB canine pattern baldness

CPD central pontine demyelination

cPL canine pancreatic lipase

cPLI canine pancreatic lipase immunoreactivity

cRECIST canine response evaluation criteria for solid tumors

CRF corticotropin-releasing factor

CRI continuous rate infusion

CRT capillary refill time

CRH corticotropin-releasing hormone

CRP C reactive protein

CSF cerebrospinal fluid

CSF-1R colony stimulating factor-1 receptor

CT computed tomography

cTnI cardiac troponin I

cTSH canine thyroid-stimulating hormone

CTV clinical target volume

CVA coefficient of variation

CVC caudal vena cava

DA dopamine

DDAVP desmopressin acetate

DEXA dual-energy X-ray absorptiometry

DHA docosahexaenoic acid

DHEAS dehydroepiandrostenedione

DI diabetes insipidus

DIC disseminated intravascular coagulation

DIT diiodotyrosine

DK diabetic ketosis

DKA diabetic ketoacidosis

DLA dog leucocyte antigen

DM diabetes mellitus

DOCP desoxycorticosterone pivalate

DRD2 dopamine receptor D2

DTM dermatophyte test médium

eACTH endogenous ACTH

ECF extracellular fluid

ECG electrocardiogram

EDTA ethylenediaminetetraacetic acid

EGA Error Grid Analysis

EI exercise intolerance

EIC exercise-induce collapse

ELISA enzyme-linked immunosorbent assay

EMG electromyography

EPA eicosapentanoic acid

ESVE European Society of Veterinary Endocrinology

FEK fractional urinary excretion of potassium

FFA free fatty acid

FGMS flash glucose monitoring system

FSH follicle-stimulating hormone

fT4 free tetraiodothyronine, free thyroxine

FTC follicular cell thyroid carcinoma

FTS follicular thyroid carcinoma

GFR glomerular filtration rate

GH growth hormone

GHRH growth hormone-releasing hormone

GIP gastric inhibitory polypeptide

GIP glucose-dependent insulinotropic peptide

GLP-1 glucagon-like peptide-1

GlyHb glycated hemoglobin

GnRH gonadotropin-releasing hormone

GTV gross tumor volume

GV glycemic variability

HC hypercortisolism

HCT hematocrit

HHM humoral hypercalcemia of malignancy

HHS hyperosmolar hyperglycemic state

HR heart rate

HSS hyperosmolar hyperglycemic syndrome

IAPP islet amyloid polypeptide

IBD inflammatory bowel disease

IBW ideal body weight

iCa ionized calcium

ICF intracellular fluid

IDDM insulin-deficient diabetes mellitus

IG interstitial glucose

IGc interstitial glucose concentration

IGF-1 insulin-like growth factor 1

IGF-2 insulin-like growth factor 2

IHC immunohistochemistry

IM intramuscular

IMRT intensity-modulated radiotherapy

IR insulin resistance

IRDM insulin-resistant diabetes mellitus

IRMA immunoradiometric assay

ISF interstitial fluid

KB ketone body

KCS keratoconjunctivitis sicca

LC-MS/MS liquid chromatography-tandem mass spectrometry

L-DOPA L-dihydroxyphenylalanine

LDDST low-dose dexamethasone suppression test

LH lipohypertrophy

LH luteinizing hormone

LMN lower motor neuron

LoD limit of detection

LoQ limit of quantification

L-T4 levothyroxine

MACS mild autonomous cortisol syndrome

MC2R melanocortin 2 receptor

MCS muscle condition score

MDWT modified water deprivation test

MEN multiple endocrine neoplasia

MER maintenance energy requirements

MG myasthenia gravis

MHC major histocompatibility complex

MIBG metaiodobenzylguanidine

MIT monoiodotyrosine

MLC multileaf collimator

MODS multiorgan dysfunction

MPA medroxyprogesterone acetate

MPR multiplanar reconstruction

MR mineralocorticoid receptors

MRI magnetic resonance imaging

MST median survival time

MTC medullary thyroid carcinoma

MV megavoltage

NDI nephrogenic diabetes insipidus

NFA non-hormonally functional adenomas

NIS sodium/iodide symporter

NMJ neuromuscular junction

NO nitric oxide

NPH neutral protamine Hagedorn

NPY neuropeptide Y

NSP nutritional secondary hyperparathyroidism

NT-proBNP N-terminal pro B-type natriuretic peptide

NTI non-thyroidal illness

oHDDST oral high-dose dexamethasone suppression test

P/B pituitary-to-brain value

PASS Pheochromocytoma of the Adrenal gland Scaled Score

PAV phrenicoabdominal vein

PBGM portable blood glucose meter

PCC pheochromocytoma

PD polydipsia

PD pituitary-dependent

PDH pituitary dependent hypercortisolism

PDGFR platelet-derived growth factor receptor

PDH pituitary-dependent hypercortisolism

PET-CT positron emission computed tomography CT

PFS progression-free survival

PHPTH primary hyperparathyroidism

PK pharmacokinetics

PLI pancreatic lipase immunoreactivity

PNMT phenylethanolamine-N-methyltransferase

PNS peripheral nervous system

POMC pro-opiomelanocortin

Posm plasma osmolality

PRH prolactin-releasing hormone

PRL prolactin

PT prothrombin time

PTE pulmonary thromboembolism

PTH parathyroid hormone

PTHrp PTH-related protein

PTV planning target volume

PU polyuria

PU/PD polyuria/polydipsia

PZI protamine zinc insulin

RAAS renin-angiotensin-aldosterone system

RER resting energy requirements

rhTSH human recombinant thyroid-stimulating hormone

SAA serum amyloid A

SBP systolic blood pressure

SBW start body weight

SC subcutaneous

SDMA symmetric dimethylarginine

SF surviving fraction

SF-1 steroidogenic factor-1
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Growth retardation
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■ Pathophysiology

Growth is a complex yet tightly regulated process. Genetic factors play a major role in linear growth, with numerous genes involved in its regulation. After the domestication of the dog, the selection of such genes by humans has resulted in breeds with a wide variety of body sizes and growth rates. For example, selection by people for the genes that give rise to angular limb formation and short legs has resulted in chondrodystrophic dog breeds. As these breeds have been created intentionally, they are generally not considered to have growth retardation.

Dogs must consume sufficient calories and nutrients to meet the full (genetic) potential for growth. After food intake, food must be digested and absorbed adequately. Next, nutrients must be transported to the tissues for metabolic maintenance and growth. Based on these processes, the causes of growth retardation can be subdivided into three major groups: inadequate intake of calories and nutrients, increased use of energy, and increased loss of energy.

Several hormones are known to be important determinants of linear growth. Consequently, hormonal disturbances at a young age may be associated with growth retardation (Table 1.1).

The intake of insufficient calories and nutrients at a young age is, next to genetic factors, the most important reason for growth retardation, i.e., nutritional deprivation severely impairs growth. Selective deficiencies in vitamins or minerals may also cause growth retardation. In addition to the quantity, food quality and palatability should also be considered.

A poor appetite, e.g., due to a systemic disease, may result in less food intake. Oropharyngeal disorders, including swallowing problems, may cause hyporexia. Regurgitation or vomiting could cause insufficient nutrients to reach the intestines. A vascular ring anomaly due to a persistent right aortic arch should be considered in puppies with stunted growth and chronic regurgitation, especially after weaning. Maldigestion, e.g., due to exocrine pancreatic insufficiency or biliary obstruction, and malabsorption, e.g., due to an intestinal wall disorder in case of an enteropathy, can result in decreased uptake of nutrients. Intestinal parasites may cause inadequate uptake of nutrients, mainly in puppies.

Catabolic processes, such as those associated with inflammatory processes and fever, will increase energy use. Congenital heart anomalies and endocarditis may result in tachycardia, which, in turn, means extra loss of energy, leaving fewer calories for growth. Disorders involving organs that play a central role in metabolism, i.e., the liver and the kidneys, may also result in growth retardation. Both congenital renal disorders and acquired kidney disease, e.g., pyelonephritis, can result in stunted growth. Portosystemic shunting resulting in hepatic encephalopathy is the most common liver disorder associated with growth retardation. Hepatitis and glycogen storage disease have also been associated with stunted growth. Growth retardation in young dogs with chronic anemia may be associated with impaired oxygen delivery to tissues as well as increased cardiovascular effort. Failure to grow normally cannot only be associated with glucosuria due to (juvenile) diabetes mellitus but may also result from glucosuria due to defects in the proximal tubules of the kidneys. Persistent proteinuria and protein-losing enteropathies decrease growth potential.

Table 1.1 Endocrine causes of growth retardation.








	Growth hormone and insulin-like growth factor-1 deficiency. (For more information, see chapter 24)




	Physiology

	

	■ Growth hormone (GH), produced and secreted from the anterior lobe of the pituitary gland, plays a central role in the modulation of growth.

	■ Although GH directly affects many tissues, most of its growth-promoting actions are mediated by insulin-like growth factor-1 (IGF-1).

	■ Circulating IGF-1 is mainly produced in the liver. In other tissues, IGF-1 stimulates anabolic processes in a paracrine or autocrine manner. For example, linear growth largely depends on the local production of IGF-1 in growth plates.

	■ In adult dogs, there is a strong linear correlation between the plasma IGF-1 concentration and body size, while basal plasma GH concentrations are quite similar among various breeds. This implies that breed-specific reference ranges must be used to determine whether growth retardation is due to insufficient circulating IGF-1 concentrations.1-3







	
Etiology


	

	■ Congenital GH deficiency or pituitary dwarfism is the best-known example of such a deficiency.

	■ In German Shepherd dogs and Czechoslovakian Wolfdogs, congenital GH deficiency is due to a mutation in the gene encoding for the transcription factor LHX3.







	
Pathophysiology


	

	■ In the case of complete GH deficiency, linear growth occurs at about a third to a quarter of the normal rate.

	■ Growth hormone deficiency in a young animal affects the growth of almost all tissues, resulting in “proportionate dwarfism”, meaning that all body components are equally small.







	
Main clinical signs


	

	■ During the first weeks after birth, pituitary dwarfs may be of similar size as their litter mates.

	■ Proportionate growth retardation.

	■ Retention of puppy hair coat.

	■ Bilateral symmetrical alopecia.

	■ Skin hyperpigmented and scaly.

	■ Pointed muzzle and relatively long pointy ears, resembling the face of a fox.







	
Hypothyroidism. (For more information, see chapter 27)





	
Physiology


	

	■ Thyroid hormones are essential for central nervous system (CNS) maturation, bone growth, and chondrogenesis.

	■ Adequate circulating thyroid hormone concentrations appear to be a prerequisite for normal growth.

	■ The effect of IGF-1 on cartilage cells is dependent on thyroid hormones.

	■ Thyroid hormones exert direct effects on cell metabolism.







	
Etiology


	

	■ Congenital dyshormonogenesis or thyroid dysgenesis (congenital primary hypothyroidism).

	■ Congenital central hypothyroidism due to isolated TSH deficiency.







	
Pathophysiology


	

	■ Because skeletal growth strongly depends on thyroid hormones that promote chondrogenesis, in synergy with GH and IGF-1, juvenile hypothyroidism is associated with delayed epiphyseal closure, retarded epiphyseal growth, reduced long bone growth and, consequently, “disproportionate dwarfism”.4







	
Main clinical signs


	

	■ Growth retardation with disproportionate dwarfism (short and broad skull, shortened mandible and ears, enlarged or protruding tongue, short thick neck, wide/square trunk, shortened limbs).

	■ Impaired mental development (cretinism).







	
Insulin deficiency





	
Physiology


	

	■ Insulin is the most important anabolic hormone in the body.

	■ The anabolic actions of insulin include stimulation of protein synthesis and cell division.







	
Etiology/pathophysiology


	

	■ Insulin deficiency at a young age, i.e., juvenile diabetes mellitus, is associated with growth retardation.

	■ The failure of normal growth, typical of dogs with juvenile diabetes mellitus, is also due to a decrease in insulin-dependent transportation of glucose and fatty acids into muscle and fat cells.

	■ Juvenile diabetes mellitus results in glucosuria, i.e., loss of energy in the urine.







	
Glucocorticoid excess





	
Physiology/pathophysiology


	

	■ The catabolic effects of glucocorticoids are increased gluconeogenesis, decreased glucose uptake by muscle and fat cells, increased protein breakdown, and lipolysis.

	■ Glucocorticoid excess suppresses pituitary GH secretion, mainly due to stimulation of hypothalamic somatostatin release.

	■ Long-term administration of glucocorticoids to young, growing animals may result in growth retardation.







	
Gonadal steroids excess





	
Physiology/pathophysiology


	

	■ Gonadal androgens and estrogens affect linear growth.

	■ Prepubertal gonadectomy may result in taller individuals.5

	■ Administration of androgens or estrogens at an early age may result in growth retardation due to premature closure of the growth plates.







	
Other endocrine hypofunctions





	
Physiology/pathophysiology


	

	■ Hypoadrenocorticism may occur at any age. When hypoadrenocorticism develops in a young growing dog, it may result in growth retardation.

	■ Hypoadrenocorticism is often associated with a decrease in appetite, vomiting, and diarrhea, resulting in reduced nutrient intake and, consequently, may result in growth retardation.

	■ Hypoparathyroidism may also occur at a young age.

	■ Parathyroid hormone has an important role in bone metabolism, and therefore, parathyroid hormone deficiency may result in growth retardation.

	■ Disorders associated with severe polydipsia, such as central diabetes insipidus, may result in impaired appetite and failure to adequate growth.











■ Diagnostic approach

Algorithm 1.1 shows the approach to the dog with failure to grow.


algorithm 1.1

Diagnostic approach to growth retardation.

[image: ]



Algorithm 1.1 Note 1 A detailed nutritional history should be obtained to get information regarding the amount, quality, and palatability of the food offered to the dog.

Algorithm 1.1 Note 2 A poor appetite, despite the feeding of sufficient palatable, high-quality food, suggests a disorder of the gastrointestinal tract or the presence of systemic disease. Growth retardation in dogs with very good or ravenous appetite may point to maldigestion, malabsorption or loss of energy. History-taking may also reveal treatment with steroids for an unrelated problem. Concurrent clinical signs may help identify an underlying cause for the growth retardation. Diarrhea or voluminous stools may be due to maldigestion and/or malabsorption. Polyuria may point to renal disease, hepatic disease, diabetes mellitus, diabetes insipidus, or other conditions. Mental dullness may point to hypothyroidism or (hepatic or renal) encephalopathy. Symmetrical truncal alopecia can be seen in dogs with growth hormone deficiency or hypothyroidism. Regurgitation since weaning may point to vascular ring anomaly or megaesophagus. A thorough physical examination is essential in dogs with growth retardation, as specific physical findings may point to a specific disorder. For example, dogs with hypothyroidism usually will have a weak pulse. A heart murmur associated with tachycardia may disclose a cardiac abnormality as a cause of growth retardation.

Algorithm 1.1 Note 3 Body proportions must be carefully evaluated in dogs with growth retardation. Relatively short limbs compared to the trunk may point to juvenile hypothyroidism or chondrodystrophy. In contrast, growth hormone deficiency causes proportionate dwarfism. It is also important to note the ratio of height to weight. An animal with stunted growth that is overweight for its height is more likely to have an endocrine disorder such as growth hormone deficiency or hypothyroidism. Malnutrition or systemic disorders are more likely to result in underweight dogs.

Algorithm 1.1 Note 4 Urinalysis may reveal proteinuria, glucosuria, or hyposthenuria. Indications for pyelonephritis may be found in the urine sediment. A complete blood count should be performed to detect anemia, inflammation, or eosinophilia. It has to be taken into account that puppies normally have lower red blood cell counts than adults. Eosinophilia may point to parasitism or hypoadrenocorticism. The results of a routine serum biochemistry profile can help identify renal disease, hepatic disease, diabetes mellitus, or hypoadrenocorticism. Decreased serum protein concentrations may indicate hepatic disease, protein-losing enteropathy, or nephropathy.

Algorithm 1.1 Note 5 Laboratory evaluations should include multiple fecal examinations for intestinal parasites, such as Giardia spp. A fecal examination may also provide information regarding (mal)digestion and (mal)absorption.

Algorithm 1.1 Note 6 A low serum IGF-1 concentration may point to growth hormone deficiency. The absence of a significant increase in circulating growth hormone concentration after intravenous administration of GH-releasing hormone can be used to demonstrate growth hormone deficiency (see chapter 24).

Algorithm 1.1 Note 7 Radiological evaluation of the thorax and skeleton and abdominal ultrasound or echocardiography are useful in congenital cardiac diseases, respiratory disorders, liver diseases, renal diseases, and bone growth abnormalities.

Algorithm 1.1 Note 8 Pituitary dwarfism in German Shepherd Dogs is quite often caused by a mutation in a gene that encodes for the transcription factor LHX3.6 The availability of a diagnostic DNA test not only allows for proper diagnosis of dogs with pituitary dwarfism due to this mutation but also enables breeders to prevent dwarfs from being born to identifying carriers of the LHX3 mutation. If all breeding animals were genetically tested for the presence of the LHX3 mutation and a correct breeding policy were implemented, this disease could be eradicated completely.

Algorithm 1.1 Note 9 Several musculoskeletal disorders may cause failure to grow in young animals. Most of them are congenital and inherited, such as dyschondroplasia (especially in Poodles, Scottish Terriers, and Alaskan Malamutes), dystrophy-like myopathies, osteochondrosis, osteochondromatosis, osteogenesis imperfecta, osteopetrosis, angular limb deformities (abnormal development of the radius and ulna), and hypertrophic osteodystrophy and glycogen storage disease. In addition, nutritional imbalances, such as secondary hyperparathyroidism, a deficiency of vitamin D, and/or excessive vitamin A, may cause failure to grow.

Algorithm 1.1 Note 10 Treating canine hyposomatotropism involves administering synthetic progestins: either medroxyprogesterone acetate at a dosage of 5 mg/kg SC initially every 3 weeks and subsequently at 6-week intervals or proligestone at a dosage of 10 mg/kg SC every 3 weeks, both until 12 months of age. There are, however, some adverse effects, including recurrent periods of pruritic pyoderma and, occasionally, the development of mammary tumors. Porcine GH (pGH) is another potential option. Treatment with either progestagens or pGH should be accompanied by thyroid hormone replacement.
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Alopecia refers to hair loss in areas of the body where it is usually present. Other terms, such as hypotrichosis, are also used to define a partial lack of hair. However, some dermatologists prefer to reserve it for congenital alopecia. To additionally confuse the nomenclature, the term alopecia is also incorrectly used to define a hair disorder known as postclipping alopecia in which hairs, numerically normal but shorter as shaved, give a “false” aspect of hair loss.


■ Pathophysiology

The causes of alopecia are numerous and include pruritic diseases (e.g., allergies), infectious diseases (e.g., dermatophytosis, and bacterial folliculitis), parasitic diseases of the hair follicle (e.g., demodicosis), physiological or functional abnormalities of the hair follicle (e.g., endocrinopathies, alopecia X, metabolic diseases), anatomical abnormalities (e.g., congenital alopecia, follicular dysplasia), immune mediated-autoimmune diseases (e.g., alopecia areata, pseudopelade, mural folliculitis, sterile periadnexal granulomatous/pyogranulomatous syndrome), vasculitis (ischemic dermatopathy linked to low-grade vasculitis), and neoplastic diseases (e.g., cutaneous epitheliotropic lymphoma).



■ Classification and clinical signs

Alopecia can be clinically classified based on the number of skin lesions, their localization and extension, and the simultaneous presence or absence of other lesions on the skin. Regarding the number of areas without hairs, alopecia is classified as focal, multifocal, symmetrical, and diffuse while looking at the presence or absence of associated skin lesions such as erythema, papules, scales, pustules, etc. Alopecia is commonly differentiated as inflammatory and noninflammatory.

A clear clinical differentiation between inflammatory and noninflammatory alopecia is not free from interpretative problems. Indeed, in some hypothyroid dogs or dogs with hypercortisolism, multifocal inflammatory alopecia due to a secondary pyoderma could be the unique dermatological sign in the early stage of the disease in which a clear symmetrical/diffuse alopecia is not yet present.

Endocrine-based alopecias are classically noninflammatory and have a symmetrical and diffuse distribution that usually spares the hairs of the head and extremities. Other dermatological or systemic signs can be observed in animals affected by endocrinopathies and can help the clinician guide the diagnosis. Nevertheless, the clinician must remember that several nonendocrine disorders can present symmetrical and/or diffuse alopecia, mimicking an endocrinopathy; therefore, a meticulous workup is necessary to obtain a definitive diagnosis (Table 2.1).

This chapter focuses on providing the diagnostic workup in a patient with symmetrical and diffuse noninflammatory alopecia.









	
Table 2.1 Differential diagnoses for noninflammatory symmetrical and diffuse alopecia.





	
Alopecia due to endocrinopathy


	
Alopecia due to genetic disorders


	
Alopecia due to temporary hair cycle arrest





	

	■ Hypothyroidism

	■ Hypercortisolism

	■ Hyperestrogenism

	■ Hyposomatotropism




	

	■ Alopecic breeds

	■ Congenital alopecia

	■ X-linked ectodermal dysplasia

	■ Follicular dysplasia not linked to hair color

	■ Follicular dysplasia linked to hair color




	

	■ Alopecia X

	■ Seasonal flank/recurrent alopecia

	■ Postclipping alopecia

	■ Telogen effluvium

	■ Anagen effluvium











■ Diagnostic approach


algorithm 2.1

Diagnostic approach to alopecia.
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Algorithm 2.1 Note 1 Although it is uncommon that diffuse noninflammatory alopecia is caused by an infectious agent or a parasite, a complete dermatological workup including Wood’s lamp test, trichoscopy, adhesive acetate tape test, cytology, skin scrapings, and fungal culture on dermatophyte test medium (DTM) should always be carried out in any case of alopecia.

Algorithm 2.1 Note 2 Pyoderma, dermatophytosis, and demodicosis are the most common causes of focal and multifocal inflammatory alopecia. Less frequently, the above-mentioned infectious agents can complicate any noninflammatory alopecia, transforming them into inflammatory alopecia.

Algorithm 2.1 Note 3 Apart from alopecic breeds, hair loss from birth is typical of congenital alopecia or X-linked ectodermal dysplasia. In the latter, defects of dentition and tearing are constantly associated with alopecia. Some breeds, such as Chesapeake Bay Retrievers, Irish Water Spaniels, and Portuguese Water Dogs, are predisposed to genetic follicular dysplasia. Dogs have normal coats at birth and, at a young age, develop noninflammatory symmetrical and diffuse alopecia that can mimic an endocrinopathy. The diagnosis is confirmed by skin biopsy.

Algorithm 2.1 Note 4 When noninflammatory alopecia is associated with systemic signs, endocrinopathies must be considered. Polyuria, polydipsia, polyphagia, panting, and weight gain are frequent systemic signs associated with hypercortisolism. Other skin lesions such as thinning of the skin with lost of elasticity, comedones, and skin mineralization (calcinosis cutis) can be observed in this endocrinopathy. Lethargy, exercise intolerance, and weight gain are suggestive of hypothyroidism. In this endocrinopathy, adjunctive and suggestive skin changes are alopecia with shiny and hyperpigmented skin on the bridge of the nose along with an alopecia of the tail that, when complete, shows a so-named “rat tail” appearance. The latter aspect is erroneously thought to be linked only to hypothyroidism since in other endocrinopathies (hyperestrogenism and hypercortisolism). In temporary or permanent alopecic follicular diseases such as alopecia X or follicular dysplasia, partial to complete hair loss on the tail can also be observed.

Hyperestrogenism is caused by endogenous estrogen sources such as an ovarian cyst, granulosa cell tumor, Sertoli cell tumor, or exogenous estrogens used for therapeutic purposes. It is characterized by vulvar enlargement, prolonged estrus and pyometra in females, testicle mass, gynecomastia, and linear preputial erythema/hyperpigmentation in males. In some affected males, behavioral changes, such as urination without lifting the leg and loss of interest in bitches in heat, are also reported. Although not pathognomonic, hyperpigmented spots are commonly observed on the alopecic skin, especially on the rear thighs. Treatment involves the withdrawal of the estrogen source by surgical castration or ceasing estrogen treatment.

Algorithm 2.1 Note 5 In diffuse noninflammatory alopecia with no systemic signs and negative testing on endocrinopathies, several differential diagnoses are possible, and in all, the diagnosis can only be reached by skin biopsy.5,6,7

In dogs born with a dilute haircoat, a so-called color dilution alopecia (CDA) can occur; large clumps of melanin are irregularly distributed into the hair’s cortex, deforming the cuticula and causing the fracture of the hair shafts. These microscopic findings are often minimal and not so clearly evident at trichoscopic examination.4 Similar clinicopathological aspects are observed in black hair follicular dysplasia (BHD).

Alopecia X (hair cycle arrest) is a common skin disorder of unknown origin mainly observed in Pomeranians. In this breed, hormonal dysregulation has been demonstrated, specifically of estrogen metabolism at the skin level.2 Since the clinical presentation can be identical to many endocrine disorders, the diagnosis of alopecia X is made when endocrinopathies are ruled out via endocrine tests, and a compatible histomorphological pattern is observed on skin biopsies.1

Seasonal flank/recurrent alopecia usually starts and remains localized at the flank region in most affected dogs. It must highlighted that in some breeds, such as Lagotto Romagnolo, hair loss starts as more diffuse alopecia, involving large skin areas of the back and trunk, mimicking an endocrinopathy or another noninflammatory alopecia. So, recurrent alopecia must not be ruled out if lesions are not only on the flanks.

A history of clipping is diagnostic of “postclipping alopecia” in dogs with shortened haircoat. At the same time, the anamnesis of a stressful event (pregnancy, lactation, severe illness) or a chemotherapy treatment (e.g., with doxorubicin) suggests telogen and anagen effluvium, respectively.

Finally, canine pattern baldness (CPB) is typical of many short-haired breeds, such as Pinschers, Whippets, Dachshunds, etc. Miniaturized hairs on the ventral neck, temporal and retroauricular areas, and posterior thighs are the hallmarks of this localized skin disorder. The posterior profile of the rear legs is the only affected skin area in Greyhounds with the so-called “bald thigh syndrome”, a localized variant of CPB.

Although lesions are more localized and not spread to the trunk in CPB, as it happens in endocrinopathies, in rare cases, alopecia can be so widespread that it also involves the lower and middle part of the trunk. This extension makes the disease less characteristic and can be confused with other noninflammatory alopecic diseases.

Algorithm 2.1 Note 6 The therapy of endocrinopathies will be discussed in dedicated sections of the book.

Algorithm 2.1 Note 7 For follicular dysplasia (CDA, BHD, non-color linked dysplasia, breed-linked dysplasia, pattern baldness), pharmacological therapy is not available.

Algorithm 2.1 Note 8 Treatment of alopecia X involves various approaches and variable success rates. Treatment with melatonin and trilostane, as well as chemical castration with suprelorin, are reported to be the most successful.1,3 Treatment with trilostane led to complete hair regrowth in 85% of Pomeranians with alopecia X within 4 to 8 months.1 When trilostane is used, the protocol for treating hypercortisolism is applied (see chapter 35). In 60-75% of non-neutered male dogs, hair regrowth was observed within three months after suprelorin treatment.1

Algorithm 2.1 Note 9 A spontaneous recovery is observed in seasonal flank/recurrent alopecia. Both telogen and anagen effluvium spontaneously resolve when the causative underlying cause is eliminated.

Algorithm 2.1 Note 10 In some breeds affected by canine pattern baldness, including Dachshunds, Boston Terriers, and Miniature Pinschers, partial benefit has been anecdotally reported with melatonin at the dosage of 3 mg/dog tid. Since some dogs show spontaneous improvement of alopecia, the efficacy of the melatonin remains questionable.
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■ Pathophysiology

Weight loss is a common presenting complaint in small animal practice with an extensive list of causes. Therefore, the clinician must obtain a detailed history and perform a thorough physical exam in order to reach a diagnosis efficiently. Noting the dog’s appetite is of paramount importance, as this helps to narrow the list of differential diagnoses.

Weight loss can be intentional or unintentional; this chapter will focus on unintentional weight loss, which is defined in human and veterinary medicine as >5% loss of usual body weight over the prior 6-12 months.1 When approaching a problem with so many underlying causes, it is helpful to remember the various pathophysiological mechanisms of unintentional weight loss, which include insufficient caloric intake, maldigestion, malabsorption, increased utilization of calories, loss of calories, or due to multifactorial reasons.

Insufficient caloric intake can be due to inadvertent underfeeding by the client, decreased food intake secondary to dysphagia, or hyporexia to anorexia secondary to either gastrointestinal (GI) or various systemic diseases. Maldigestion and malabsorption result from either GI disease or exocrine pancreatic disease. Increased utilization of calories generally occurs due to an increased metabolic rate from an endocrinopathy, neoplasia, systemic infection, or other systemic inflammatory illness. Loss of calories in dogs can occur due to GI or renal disease. Some diseases lead to weight loss via multiple mechanisms (e.g., neoplasia via inappetence and increased utilization).2 See Table 3.1.

Inflammatory cytokines such as tumor necrosis factor, interleukin-1, and interleukin-6 promote anorexia and catabolism of fat and muscle in neoplasia and certain inflammatory diseases.3 These diseases can also lead to a hypermetabolic state, which in turn upregulates gluconeogenesis, lipolysis, protein catabolism, and recycling of lactate.2,3,4 Weight loss with low body fat and consequent low leptin levels should, under physiologic conditions, increase appetite. However, despite low leptin concentrations in illness, the above inflammatory mediators are thought to interfere with appetite signaling. There can also be dysregulation in the hormones involved in decreasing appetite (e.g., leptin, insulin, GLP-1, peptide YY, cholecystokinin, and the above inflammatory cytokines) and those hormones involved in increasing appetite (e.g., ghrelin, neuropeptide Y).2,3,4

Table 3.1 Causes of unintentional weight loss in the dog, according to pathophysiology.
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In order to assess whether a dog is being inadvertently underfed, the dog’s resting energy requirements (RER) can be calculated using the exponential formula: 70×(body weight in Kg)0.75. Maintenance energy requirements (MER) can then be estimated using the following conversion factors: 1.2-1.4×RER for an inactive or obesity-prone dog, 1.4-1.6 × RER for a neutered dog, 1.8×RER for an intact dog, 2-3×RER for a puppy (depending on age), and 3×RER for a late-term pregnant bitch.4,5,6 The clinician should recognize that some dogs being fed their MER can still lose weight in the absence of disease due to individual dog variation.



■ Clinical signs

In addition to the weight loss observed by the owner or veterinarian, other additional clinical signs that might be present include lethargy, changes in appetite, vomiting, diarrhea, polyuria (PU), polydipsia (PU), coughing, sneezing, pruritus, and changes in skin or hair coat (Video 3.1). Occasionally, clinical signs are less obvious, such as taking longer to finish meals, eating only high-value foods, or lip licking in the absence of vomiting. Appetite is often diminished, and there are a myriad of differentials for weight loss with a decreased appetite in dogs. Conversely, there are limited differentials for weight loss with polyphagia, including exocrine pancreatic insufficiency (EPI), some chronic enteropathies, severe endoparasitism, diabetes mellitus, hyperthyroidism, and occasionally hypercortisolism (if the peripheral muscle atrophy exceeds central fat deposition). When the client reports a “normal” appetite despite weight loss, further questioning and history are needed to determine if there is truly no change in appetite.

Noting which of the aforementioned clinical signs are present can help discern if there is a primary GI or extra-GI cause of the weight loss. For example, PU/PD more likely suggests metabolic or endocrine disease as opposed to primary GI disease. Fever might suggest systemic infectious or inflammatory disease. Changes in stool quality are more consistent with primary GI or exocrine pancreatic disease but also occur with extra-GI disease (e.g., hyperthyroidism). Importantly, the absence of vomiting, diarrhea, and inappetence does not exclude the possibility of primary GI disease.6,7

Primary GI disease is one of the more common reasons for weight loss in dogs. As mentioned, this differential is often, but not always, accompanied by the clinical signs of vomiting, diarrhea, and variable appetite. Of the many GI differentials for weight loss, chronic enteropathies are the most abundant, including food-responsive enteropathy, antibiotic-responsive enteropathy, and immune-responsive enteropathy or inflammatory bowel disease.8 Other primary GI considerations for weight loss include severe endoparasitism, infectious enteropathy (e.g., histoplasmosis), lymphangiectasia, and GI neoplasia. Exocrine pancreatic diseases, including chronic pancreatitis and exocrine pancreatic insufficiency, present with similar clinical signs as GI disease.

Extra-GI disorders can be ruled in or out with blood and urine testing and/or imaging diagnostics. There are myriad metabolic disorders that can lead to weight loss, including uremia, advanced hepatic disease, and endocrinopathies, and there are typically additional clinical signs, such as PU/PD, panting, nausea, etc., that accompany these metabolic diseases. For example, hyperthyroidism, hyperparathyroidism, diabetes mellitus, hypoadrenocorticism, and hypercortisolism are examples of endocrinopathies that can cause weight loss, and all of these also typically cause PU/PD. While hypercortisolism (and exogenous glucocorticoids) cause appendicular muscle atrophy and truncal weight gain, which classically leads to “weight redistribution”, this can lead to weight loss in certain dogs (Video 3.1).
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	Video 3.1




	
	A 12-year-old male intact mixed breed dog with severe polyphagia, weight loss, muscle atrophy, and muscle stiffness from uncontrolled ACTH-dependent hypercortisolism and a suspected enteropathy.








■ Diagnostic approach

Algorithm 3.1 shows the approach to weight loss in dogs. Weight loss >5% of body weight in 6-12 months warrants investigation.1 Serial weight measurements can easily confirm weight loss. Dogs of any age are at risk for weight loss, although in a puppy, weight loss can be masked by physiological growth. Therefore, comparing body condition score (BCS) estimations can be more helpful in a growing puppy.


algorithm 3.1

Diagnostic approach to weight loss.
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Algorithm 3.1 Note 1 A thorough history is critical when addressing a problem with as many differential diagnoses as weight loss. Special attention should be given to diet, medications, environment, travel history, and systems review, including vomiting, diarrhea, thirst, and appetite. Evaluation of whether the dog is generally unwell or well helps to dictate the urgency and the number of diagnostics performed. A meticulous physical examination is also paramount.

Algorithm 3.1 Note 2 There are a limited number of differentials for weight loss with a normal to increased appetite, highlighting the importance of this history information.

Algorithm 3.1 Note 3 Reminder that some dogs being fed MER can lose weight due to variations in a given dog’s inherent metabolism and activity level.

Algorithm 3.1 Note 4 There are a limited number of differentials for weight loss, polyphagia, and PU/PD. While dogs with hypercortisolism classically have “weight redistribution” (i.e., peripheral muscle atrophy and truncal fat deposition), in some dogs, the muscle atrophy exceeds fat deposition, leading to weight loss (Video 3.1).

Algorithm 3.1 Note 5 Hyperthyroidism is uncommon in dogs and is typically associated with thyroid carcinoma. Confirm that hyperthyroidism is not caused by diet, such as a raw food diet that includes animal thyroid glands.

Algorithm 3.1 Note 6 In order to cause significant weight loss, endoparasitism must be severe.

Algorithm 3.1 Note 7 While often associated with vomiting, diarrhea, and changes in appetite, chronic enteropathies can lead to weight loss as the sole clinical sign. Additionally, while appetite is typically decreased, some dogs with chronic enteropathy can present with polyphagia due to malabsorption. Abdominal ultrasonography can imply GI disease (e.g., thickened bowel loops, abnormal bowel wall layering, functional ileus). Serum markers of intestinal absorption, including albumin, globulin, cholesterol, magnesium, calcium, cobalamin, and folate, may be decreased, suggesting GI disease is the source of weight loss.

Algorithm 3.1 Note 8 A basal serum cortisol >55 nmol/L (2 μg/dL) excludes hypoadrenocorticism. If basal cortisol is <55 nmol/L (2 µg/dL), an ACTH stimulation test should be performed; hypoadrenocorticism is confirmed when serum cortisol post-ACTH is <55 nmol/L (2 µg/dL) in a dog that has not received consistent glucocorticoids in the previous 2 months. A urinary cortisol/creatinine ratio below the reference range is suggestive of hypoadrenocorticism and should be confirmed with post-ACTH cortisol measurement.9

Algorithm 3.1 Note 9 If the animal presents significantly unwell or debilitated, then CBC, serum biochemistry panel, and urinalysis should be performed earlier in the diagnostic process after physical examination.

Algorithm 3.1 Note 10 At this step, further assessment of abnormal thoracic radiographs might include a CT scan, bronchoscopy, tracheal wash, and/or ultrasound-guided percutaneous fine-needle aspiration cytology. Further assessment of abnormal abdominal radiographs or ultrasonography might include ultrasound-guided percutaneous fine-needle aspiration cytology and/or biopsy, laparoscopic biopsies, and/or laparotomy. Further assessment of abnormal CBC might include a workup of anemia, polycythemia, leukocytosis, leukopenia, or thrombocytopenia. Further assessment of abnormal biochemistry panel might include a workup of azotemia, hepatopathy, electrolyte derangements, dyslipidemias, hypoalbuminemia, hyperglobulinemia, or hypoglycemia. Further assessment of abnormal urinalysis might include further workup of inappropriate urine specific gravity, bacteriuria, pyuria, or findings consistent with Fanconi’s syndrome.
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■ Physiology and pathophysiology

In health, 85-90% of the fluid filtered by glomeruli is reabsorbed iso-osmotically with sodium and glucose in the proximal nephron. Sodium is selectively reabsorbed from the proximal nephron, creating the hypotonic fluid that flows into distal nephrons. Water balance is maintained primarily via interactions between the distal nephrons/collecting ducts and the pituitary hormone vasopressin (antidiuretic hormone; ADH). As much as 90% of distal nephron fluid can be absorbed when ADH opens water channels within kidney distal tubular cells, causing water resorption by osmotic gradient (kidney interstitial fluid is hypertonic).

ADH is synthesized in hypothalamic supraoptic and paraventricular nuclei before being transported along axons to the posterior pituitary, from which it is released into the circulation with appropriate stimulation. In the presence of water overload, increased blood volume, and/or decreased blood osmolarity, ADH secretion is suppressed, large volumes of dilute urine (as low as 1.001) can be produced because the water channels are closed, “drowning” is prevented, and water balance maintained. In the presence of water deficiency, decreased blood volume, and/or increased blood osmolarity, ADH secretion is stimulated, water channels are opened, small volumes of concentrated urine (as high as 1.060) are produced, dehydration is prevented, and water balance is maintained. Blood osmolarity/sodium is mainly monitored by specific and sensitive cells in the hypothalamus. Blood volume/pressure is monitored primarily by specific cells located in the cardiac atria and the aortic arch.

Water intake and urine output in healthy dogs vary. On random sampling, most healthy dogs produce urine with a specific gravity >1.018 and <1.045. Warm environmental temperatures, exercise, dry food diets, diarrhea, and vomiting are among the factors that should mildly increase water intake and are not usually of concern to owners.



■ Definitions and initial considerations

A dog with polyuria/polydipsia (PU/PD) consumes abnormally large volumes of water (>100 mL/kg/day) and produces abnormally large volumes of urine. The first task for the veterinary clinician is to discriminate the dog with pollakiuria/dysuria from one with polyuria (PU) since either can cause an owner to observe increased frequency and/or what appears to be prolonged periods of urination. Urinalysis results are always valuable, especially if collected by the owner within 12-24 hours before consultancy. Dogs with PU/PD can have solute diuresis, an insensitivity to ADH, or an ADH deficiency, each of which can be medically induced. In all these conditions, water lost due to PU stimulates polydipsia (PD). It is rare for a dog to have “primary PD”, which leads to PU.



[image: ] Solute diuresis

When there is an excess solute in the glomerular filtrate, water absorption from the proximal nephrons is impaired, and increased volumes of water flow into the distal nephrons, where their ability to absorb water is overwhelmed, and PU develops. To compensate for this water loss, affected dogs increase their water intake (PD). In chronic renal failure, there are an ever-decreasing number of functioning nephrons. There is a compensatory increase in glomerular filtration rate per surviving nephron, and the amount of fluid presented to the distal tubules is increased. Increased tubular flow rate causes less urea, sodium, and other substances to be reabsorbed. The result is an osmotic diuresis further complicated by a reduced medullary concentration gradient. All these factors contribute to the development of PU.

Another common and classic solute diuresis in dogs occurs secondary to excess glucose in the glomerular filtrate due to diabetes mellitus (DM). Primary renal glucosuria is quite uncommon. Owners are usually aware if their dog is given a solute diuretic, e.g., mannitol.
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Central diabetes insipidus (CDI) can be caused by hypothalamic/pituitary pathology that decreases or completely eliminates ADH synthesis/secretion. It is an extremely uncommon congenital condition. CDI is uncommonly caused by an expanding pituitary mass or even less commonly due to trauma. Primary ADH deficiency should only be considered after all common causes for PU/PD have been ruled out. It is unclear whether or not the remarkable PU/PD observed in dogs with iatrogenic or naturally occurring hypercortisolism is due, in part, to suppressed ADH synthesis/secretion (secondary CDI) due to secondary NDI (see below) or both.
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Primary nephrogenic diabetes insipidus (NDI) is an extremely rare congenital condition in which nephrons are insensitive to ADH, causing profound PU, which stimulates PD.
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Secondary NDI is among the most common causes of PU/PD in dogs. PU/PD associated with many of these conditions is reversible. The most common causes of secondary NDI are pyometra, cortisol excess (iatrogenic cortisol administration or any form of naturally occurring Cushing’s syndrome), and hypercalcemia. Uncommon-to-rare causes of secondary NDI include (in decreasing order of frequency) severe liver disease/failure, pyelonephritis, hypokalemia, hyperthyroidism (naturally occurring and iatrogenic caused by improperly prepared raw meat diets), and acromegaly.



■ Signalment, history, physical examination

Each PU/PD patient evaluation component can be extremely valuable. Non-spayed females may have pyometra. The Norwegian Elkhound and Basenji are predisposed to primary renal glycosuria. Dogs with enlarged lymph nodes or an anal sac mass could have hypercalcemia of malignancy. Dogs with progressive weight loss and poor appetites may have CKD. Dogs with progressive weight loss and an excellent appetite may have DM. Dogs with apparent weight gain and excellent appetites may have hypercortisolism.



■ Diagnostic approach

Algorithm 4.1 shows a practical approach to the patient presenting with PU/PD. Given the many possible diseases underlying PU/PD, the workup requires a systematic medical approach.


algorithm 4.1

Diagnostic approach to polyuria/polydipsia.
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■ Diagnosis

In case of any doubt over whether there is PU/PD, a water diary (water consumption in 24 hours) could be conducted by owners at home or in-clinic. The latter can be interesting since dogs with (predominantly) primary polydipsia often show a sudden decrease in volumes drunk when the environment is changed.

The volume urinated is often difficult to establish by direct measurement. A useful substitute is simple urine specific gravity (USG) measurement, ideally on an early morning sample; early morning increases the chance maximum concentrating ability is shown. The obtained value can be used to guide the location of the problem. Hyposthenuria (USG <1.008), for instance, would be associated with conditions where active dilution of urine occurs (e.g., problems connected with lack of ADH production, secretion, or action). A structural kidney disease commonly causes isosthenuria (USG 1.008-1.015).

Algorithm 4.1 Note 1 Urinary specific gravity is a parameter commonly used by veterinarians in routine practice. Ideally, in association with the USG, urinary osmolality could be assessed. Urinary osmolality provides more precise information, but its correlation with USG is good.2 Although there are many different causes for PU/PD, many hints about its etiology can be obtained by considering the signalment, a thorough history, physical examination as well as basic blood biochemistry.

Algorithm 4.1 Note 2 Routine biochemistry is essential in the workup of cases with PU/PD. As examples, blood sodium concentration can provide subtle hints over whether PU/PD is induced by polydipsia (sodium more likely low normal or low) or induced by polyuria (sodium more likely high normal or high); the presence of ALP and cholesterol elevations could fit with hypercortisolism; azotemia, despite inappropriate dilute urine, suggests renal dysfunction. Abdominal ultrasound can highlight adrenal masses or other alterations potentially connected to PU/PD (e.g., liver disease, nephropathy, masses).

Algorithm 4.1 Note 3 Measure USG or Uosm in serial urine samples collected by the owner at home over the day or perform a modified water deprivation test (MDWT) (see chapter 25). Both tests are combined with the administration of DDAVP: intraocular or oral in the urine test and parenteral in the MDWT. If USG increases to >1.020 or UOsm >1.000 mOsm/kg, central diabetes insipidus is very likely.

Algorithm 4.1 Note 4 Equivocal results, with a trend towards USG concentration but slightly less than 50%, may indicate partial central diabetes insipidus.

Algorithm 4.1 Note 5 When central diabetes insipidus is diagnosed, supplementation with DDAVP (ADH analog) conjunctival drops, injections, or oral tablets is indicated.

DDAVP is a synthetic analog of ADH. Initial therapy includes doses of 0.05 mg PO q12h for dogs <5 kg, 0.1 mg PO q12h for dogs between 5 to 20 kg, 0.2 mg PO q12h for dogs >20 kg, up to a maximum of 0.4 mg q8h. If these doses are not enough to control PU/PD, it is possible to try the administration q8h. If necessary, the conjunctival or subcutaneous route can also be used.4
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Polyphagia (or hyperphagia) refers to excessive food consumption or appetite.1-3

In many aspects, the term “excessive” is subjective, and this subjectivity may explain why, to date, no study investigating underlying causes of polyphagia has ever been published in dogs.

Hyperphagia may be preferred over the term polyphagia when the increase in food consumption results from a compensatory mechanism toward physiological or pathological increases in energy demand (Table 5.1). Inappropriate polyphagia refers in this chapter to predominantly pathological situations in which overeating is not, or not solely, triggered by an increase in energy demand.








	
Table 5.1 Causes of polyphagia in the dog.





	Compensatory polyphagia (hyperphagia)

	Inappropriate polyphagia




	

	■ Low food intake

	■ Contextual

	– Insufficient feeding rations

	– Hypocaloric diet




	■ Pathological

	– Megaesophagus

	– Esophagus compression secondary to aortic arch anomalies

	– Parasitic spoliation







	■ Maldigestion/malabsorption

	Exocrine pancreatic insufficiency

	Inflammatory or neoplastic bowel disease

	Intestinal lymphangiectasia




	■ Decreased cell energy supply

	Diabetes mellitus

	Hypoglycemia




	■ High metabolic consumption

	■ Physiological

	– Growth

	– Lactation

	– Pregnancy

	– Cold environment

	– Increased exercise




	■ Pathological

	– Inflammation and neoplastic process (at early stages)

	– Hyperthyroidism










	

	■ Encephalic related

	– Diencephalic mass

	– Palatable diet

	– Postictal

	– Psychogenic

	– Stress-induced




	■ Endocrine (non compensatory) related

	– Acromegaly

	– Hyperadrenocorticism

	– Insulinoma

	– Neutering




	■ Drug-induced

	– Bromides

	– Glucocorticoids

	– Imepitoin

	– Orexigenic (and ghrelin receptor agonist) agents

	– Phenobarbital

	– Primidone

	– Theophylline

	– Thyroxine overdosage (infrequent)




	■ Miscellaneous

	– Breed-associated (e.g., Labrador Retriever)

	– Sudden acquired retinopathy

	– Presumed cancer-associated retinopathy

	– Portosystemic shunt

	– Liver encephalopathy













■ Pathophysiology

Appetite regulation has not been studied in depth in dogs. Most concepts discussed in this section are extrapolated from rodent and primate data. The regulation of appetite involves central and peripheral mechanisms. The historical distinction of satiety and hunger center,4,5 located in the ventromedial area and the lateral area of the hypothalamus, respectively, has been replaced by a more subtle description of different regions, cell types, and even more specific axonal projections involved in the stimulation or suppression of food consumption.6 Both ventromedial (refined as the arcuated nucleus) and lateral areas comprise highly differentiated neurons that activate or inhibit appetite under regulation from multiple hypothalamic, brainstem, and cortical (mainly limbic) areas, allowing response to behavioral, sensorial (e.g., olfaction, taste, vision), endocrine, and autonomic stimuli.

Most peripheral stimuli regulating appetite belong to the so-called “gut-brain axis” and “adipose tissue-brain axis”.7 In the gut, chemoreceptors and mechanoreceptors activate a response to meals through nervous (vagal) and endocrine signals, including different anorexigenic peptides secreted by digestive cells such as glucagon-like peptide-1 (GLP-1), peptide YY, and cholecystokinin, whereas fasting stimulates gastric secretion of the orexigenic hormone ghrelin. Neurons involved in appetite stimulation express the ghrelin receptor and depolarize after binding with this hormone. Most of them also express the leptin receptor with opposite downstream signaling (physiologic hyperpolarization in case of energy storage in adipose tissue resulting in leptin secretion and satiety).

The main causes of canine polyphagia are listed in Table 5.1. The frequency of occurrence of polyphagia varies significantly from one entity to another in this list, ranging, for example, from approximately 50% of cases observed in hypercortisolism to less than 5% of patients with insulinoma.8-9

The concept of compensatory polyphagia, in which an unmet energy need leads to the activation of the “gut-brain” and “adipose tissue-brain” axes, seems logical and allows for a mnemonic appropriation of the table. However, the implication of these pathogenic mechanisms has not been thoroughly studied, even for seemingly straightforward scenarios such as exocrine pancreatic insufficiency.

Although polyphagia associated with hyperthyroidism is commonly presented as a compensatory mechanism for the increased metabolic activity in affected patients, this pathophysiological mechanism remains speculative and is likely accompanied by direct central and peripheral orexigenic effects of thyroid hormones, resulting in concurrent inappropriate polyphagia.10-11 The pathogenesis of inappropriate polyphagia associated with the entities listed in the right column of Table 5.1 is also often considered to be multifactorial and poorly understood, with polyphagia associated with hypercortisolism or glucocorticoid treatment, serving as a good example of this lack of comprehension.12



■ Diagnostic approach

Given the subjectivity of assessing polyphagia, the first step in the diagnostic approach is to verify its presence (Algorithm 5.1).


algorithm 5.1

Diagnosis approach of a dog with polyphagia.

[image: ]



Algorithm 5.1 Note 1 In most cases, owners reporting this sign have noticed an increase in food intake, sometimes associated with scavenging behavior or food stealing. When no change in food consumption is observed, it is essential to confirm the existence of polyphagia by comparing food needs and intakes.

Algorithm 5.1 Note 2 Undernutrition with no perception of a change in appetite is unlikely, as it typically refers to a prolonged period of insufficient feeding, which would have led to a highly cachectic state.

Algorithm 5.1 Note 3 Many causes of compensatory polyphagia, such as a physiological increase in metabolic needs or insufficient food intake, and inappropriate polyphagia, such as neutering, the recent adoption of a palatable diet, or the introduction or adjustment of the dose of an orexigenic drug, can be easily screened through questioning the owner.

Algorithm 5.1 Note 4 In other cases, mostly pathological, since polyphagia is almost never the sole clinical sign of the disease, history, and physical examination often provide significant information, allowing the prioritizing of a low number, if not one, of hypotheses.

Algorithm 5.1 Note 5 Changes in body weight may play a pivotal role in further diagnostic steps.1-3 An increase in food intake will generally result in weight gain in case of inappropriate polyphagia, whereas, with the exception of growing and pregnant dogs, dogs with compensatory polyphagia will most often experience a decrease in weight or, at best, a stable weight.

Algorithm 5.1 Note 6 Most dogs with hyperthyroidism present with an easily palpable cervical mass, with the exception of cases with nutritional hyperthyroidism.

Algorithm 5.1 Note 7 Polyphagia is mostly observed in dogs with hypercortisolism secondary to small to mid-sized corticotroph or somatotroph adenomas. In larger tumors, polyphagia is generally gradually replaced by hyporexia and other signs resulting from hypothalamus, third ventricle and thalamus compression, such as hypothermia, bradycardia, lethargy or reduced alertness (chapter 35). In contrast to these vague clinical signs, vision alterations may also be present but are scarce in dogs with difficulties distinguishing between real troubles of vision and disorientation in these cases. In other diencephalic masses, including non-pituitary tumors and non-neoplastic lesions, polyphagia is only theoretical (i.e., undescribed in dogs yet).
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