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The fifth edition of the Handbook of Small Animal Practice is dedicated to

Scamp (1976-1990)
Corky (1991-2006)
Duma (1991-2007)

During the first 30 years of my career and the preparation of all five
editions of the Handbook of Small Animal Practice, these three Pembroke
Welsh corgis were my constant companions. They spent innumerable
hours resting at my feet as I labored to edit the books and also frequently
prompted me to take well-timed breaks for walks and other adventures.
These intelligent, enthusiastic, and entertaining friends greatly enriched
my life and continuously reminded me of how fortunate we are to share

the world with animals.
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Preface

Welcome to the fifth edition of the Handbook of Small Animal
Practice. For those of you unfamiliar with HSAP, you will notice
it is written entirely in an outline format. Every effort has been
made to keep standardized prose to a minimum. This format
provides the busy practitioner with the latest, most applicable
information on a subject in a concise and easily retrievable
manner.

Whenever applicable, each subject is explored under the
headings of Definition, Causes, Pathophysiology, Clinical Signs,
Diagnosis, Differential Diagnosis, Treatment, and Monitoring
of the Animal. The book consists of nineteen different sections
and four appendices. Many sections are subdivided into chap-
ters based on the anatomic components of that body system.
In turn, each chapter is organized in a chronological fashion,
beginning with congenital and developmental disorders and
followed by degenerative, infectious, inflammatory, idiopathic,
parasitic, metabolic/toxic, immune-mediated, vascular, nutri-
tional, neoplastic, and traumatic diseases. This chronology is
maintained wherever possible so the reader can predict and find
the location of a given subject within a chapter.

Although the goals, aspirations, organization, and format
of the fifth edition remain similar to previous editions, the
following noteworthy changes were made in this edition:

e The first chapter of the book now addresses preoperative

evaluation and anesthetic protocols.

e The Cardiovascular, Neurologic, Digestive, Urinary, Mus-
culoskeletal, Dermatologic, Behavioral Disorders, Nutri-
tion, Toxicology, and Environmental Injuries sections were
written primarily by new authors.

e Some large chapters were split into two separate chapters
so the authors could be more thorough in addressing their
respective subjects.

e The Dermatologic System section was reorganized using
a problem-based approach. Readers are encouraged to
use the index to help locate certain diseases within this
section.

e The Toxicology section was also reorganized to better
reflect the most common toxicants now encountered in
small animal practice.

e The Drug Appendix was extensively revised and updated.

I am deeply indebted to the section editors who helped on
this project and to all the contributors who provided up-to-
date, concise information in their respective chapters. A special
“thank you” is due Leah Ann Crussell for her work in producing
the drug appendix. Compilation of the drug dosages from all
136 chapters is an enormous and tedious task, and Leah Ann
did a great job.

I would also like to recognize the talented crew at Elsevier
who helped me manage and produce this text, especially
Ms. Shelly Stringer, Ms. Stacy Beane, and Mr. Jonathan Taylor.
It takes tremendous coordination to complete a project of this
size on time and to do it well. The Elsevier team was supportive,
responsive, detail-oriented, and great to work with.

Although it might seem a bit crazy to spend almost three
decades working on such monolithic projects as the five editions
of HSAP, the process has been a rewarding experience. Work-
ing with so many expert authors on each edition has taught me
many things, not the least of which is how lucky our profession
is to attract so many dedicated and gifted people.

As always, 1 hope this edition will continue to be a useful
and often-used guide for all the veterinarians who strive each
day to make ill and injured animals well and whole again.

Rhea V. Morgan, DVM

XV
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CHAPTER 1

PATIENT EVALUATION
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Preoperative Evaluation
and Anesthetic Protocols
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EOPERATIVE EVALUATION

Identify Proper Signalment

I. Age
A.

B.

Age is not a disease, but often affects many body system
functions and reserves.

Cardiac output depends on heart rate in neonatal and
pediatric animals; therefore anticholinergic agents are
often recommended for premedication (Pascoe and
Moon, 2001).

Geriatric animals often have reduced cardiac output
and baroreceptor activity, reduced chest compliance,
and decreased hepatic and renal function (Carpenter
et al., 2005).

II. Reproductive status

A.

B.

In the case of an intact female, has the owner observed
any recent estrous cycle? Is pregnancy a possibility?

Many anesthetic drugs have teratogenic or abortigenic
effects if administered in early pregnancy (Papich, 1989).

III. Breed

A.

Beware of breed misconceptions and breed-related
myths (Wagner et al., 2003; Cuvelliez and Rondenay,
2002).

1. Many large-breed dogs are not sensitive to certain
agents, but are more accurately dosed based on body
surface area (vs weight).

2. Many Persian cats may not metabolize ketamine as
readily as other breeds (Shamir et al., 2004).

3. Idiosyncratic hepatic disease has been reported in
Labrador retrievers on carprofen; however, many
Labradors and Labrador-mix dogs utilize this drug
without hepatic problems (MacPhail et al., 1998).

Anesthetic problems may be more common in certain

breeds because of common congenital or hereditary

issues.

1. Standard poodles have a higher incidence of Addison’s
disease (Famula et al., 2003), and Addisonian crises

may be precipitated by certain preanesthetic and
anesthetic agents (e.g., acepromazine, medetomidine,
isoflurane, sevoflurane).

2. Brachycephalic dogs and cats are more likely to have
respiratory difficulties during induction and recovery.

3. Afghan hounds have a higher incidence of subclinical
pulmonary disease (Neath et al., 2000), which may
become clinical during positive pressure ventilation.

4. Greyhounds may metabolize many drugs, including
propofol, less effectively than other breeds, even other
sighthounds.

5. Greyhounds also have more perioperative coagulo-
pathies than other breeds (Feeman, 2005; Robertson
et al.; 1992; Cuoto, 2006).

Identify the Chief Complaint

I. Determine if the animal is stable for the intended proce-
dure.
II. The first goal of the anesthetist is to devise an accurate and
objective preanesthetic problem list.

P

Blood Flow, Oxygen Consumption, and
Cardiac Output That Organs Receive in a
Resting Individual

BLOOD FLOW OXYGEN CONSUMPTION  CARDIAC OUTPUT
ORGAN (mL/100g/min) (mL/100g/min) (%)
Liver 57 2 28
Kidneys 420 6 23
Brain 54 3.3 14
Heart 84 9.7 5
Muscle 2.7 0.2 16
Skin 13 0.3 8




2

SECTION 1 Patient Evaluation

A. Blood flow, cardiac output, and oxygen consumption
determine which organ systems need to be addressed
first on the problem list (Table 1-1).

1. Based on the high blood flows and oxygen con-
sumptions of both the kidneys and the heart, it is
predictable that these organs would suffer most with
even a mild to modest decrease in cardiac output,
such as occurs with heavy sedation, general anesthesia,
or both.

2. Because the kidney also receives a high percentage
of cardiac output, it is likely to have the most
severe perfusion consequences of any organ system
from reduced cardiac output.

3. Hence, stabilize animals with renal or cardiac disease
before heavy sedation and anesthesia, or postpone
anesthesia until adequate function of both systems
is ascertained.

B. Stabilize animals with renal and heart disease through
appropriate medical therapy before deep sedation and
general anesthesia.

1. Renal disease: pressor therapy with fluid therapy

2. Heart disease: pressor therapy and fluid restriction

C. Renal failure and heart failure are contraindications to
general anesthesia.

D. Renal insufficiency and heart disease are not contra-
indications, but caution is indicated.

1. Function of these organs must be optimal before
initiation of general anesthesia.

2. Warn owners of the increased chance of decom-
pensation.

3. Use drugs that aim to maintain cardiac output and
improve perfusion and oxygenation (dopamine, keta-
mine infusions).

4. Monitor blood pressure and treat abnormalities
aggressively.

Review Medical History

VL

C. Recommendations for reduced frequency and individ-
ualization of vaccinations may necessitate measurement
of titers and flexible regulations concerning vaccina-
tion status before a procedure (Moore and Glickman,
2004).

D. Heartworm disease is nota contraindication to anesthe-
sia, but cardiac and pulmonary changes affect oxygena-
tion and perfusion of other organ systems (see Table 1-1).

. Elucidate any previous illnesses, procedures, surgeries, or

anesthetic events.

A. Prior masticatory myositis may preclude routine oro-
tracheal intubation.

B. Prior lumbosacral trauma may impact routine epidural
placement.

C. Repeated endotracheal intubation in smaller animals,
especially cats, can predispose to tracheitis, tracheal
rupture, or stenosis (Mitchell et al., 2000).

D. Platelet aggregation abnormalities or thrombocytopenias
may be aggravated by acepromazine, which can inhibit
platelet adhesion and function (Barr et al., 1992).

Record known or suspected allergies or adverse reactions to

medications, foods, or nutritional supplements.

A. Propofol contains egg phosphatide and soybean oil,
and some formulations also contain sulfite stabilizers.
1. Multiple reports of human anaphylactoid reactions

have occurred with the use of propofol (Nishiyama
and Hanaoka, 2001; Marik, 2004).

2. Although no reports of anaphylaxis exist in animals,
avoid use of propofol in animals with known (intra-
dermal or serologic) allergies to eggs, soybeans, or
sulfites.

B. Morphine and meperidine readily cause histamine
release, so dogs and cats with histamine-related fleabite
dermatitis, endoparasitism, and allergic lung disease
may experience severe hypotension and tachyphylaxis
with these drugs.

Pursue Other Pertinent Questions

L.

1L

III.

Iv.

Establishing a thorough checklist that is reviewed by the
clinician for each animal is a key to success.
Medical clearance for anesthesia is defined as evaluation
of the animal’s current health against the history of prior
illness and treatment, both of which help to predict reserve
and outcome.
Recent travel to different geographical areas may predis-
pose to certain diseases (vector transmitted, fungal disease)
that worsen gastrointestinal (GI) (dogs) and respiratory
diseases (many species).
Determine and record history of vaccination, infectious
diseases, parasite control, and heartworm status.
A. Avoid nonspecific (“up-to-date”) terminology to avoid

medical errors.
B. Establish the following:

1. Is the animal protected within the hospital?

2. Are other animals at risk from this pet entering the

hospital?
3. Are hospital staff members at risk from zoonotic
diseases?

L.

1L

Environment and temperament

A. Nordic breeds and working dogs (especially intact
males) used for outdoor activity may experience hyper-
thermia with routine heat supplementation used during
general anesthesia.

B. Stressed animals are often difficult to sedate or anes-
thetize with any agent because of extreme neuro-
hormonal fluctuation. The inability of acepromazine to
work effectively in very anxious animals (also known as
epinephrine reversal of acepromazine) epitomizes this
phenomenon (Benson et al., 2000).

Current and recent medications

A. Insecticides or insecticide-laden collars, powders, and
sprays often contain anticholinesterases (organophos-
phates, carbamates), and some (amitraz) may poten-
tiate the effects of anesthetics (Mealey and Matthews,
1999).

B. Determine concurrent administration of over-the-
counter medications, especially aspirin, antihistamines,
or acetaminophen.
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1. Washout periods are usually required for animals on
aspirin therapy to avoid microvasculature platelet-
related bleeding and to allow use of perioperative
injectable nonsteroidal antiinflammatory drugs
(NSAIDs) and corticosteroids (Lascelles et al., 2005).

2. Antihistamines have anticholinergic effects that may
preclude the use of atropine or glycopyrrolate.

. Glucosamine and chondroitin are synthetic heparinoids

that may contribute to coagulopathies in animals under-

going anesthesia or surgical procedures (Goodman and

Trepanier, 2005).

. Topical flea and tick medications applied by an owner

may inadvertently be carried through the epidermis

with perioperative subcutaneous or IM injections and
may cause deep, irritant chemical dermatopathies

(Ackermann, 2005).

Herbal or homeopathic supplements may interact with

perioperative medications.

1. Ginkgo, garlic, ginger, and ginseng inhibit platelet
aggregation (Glintborg et al., 2005).

2. Herbs that contain salicylate, such as meadowsweet
and willow, may also exacerbate the adverse effects
of aspirin and other NSAIDs (Rubin, 2005).

Behavioral modification drugs, such as monoamine

oxidase inhibitors, specific seratonin reuptake inhibi-

tors, and tricyclic antidepressants, have caused pyrexia,
hyperthermia, and even fatalities in humans treated
with certain premedicants (morphine, ketamine) and

general anesthetics (Mealey and Matthews, 1999).

. Topical atropine commonly used in treating ophthal-

mic diseases can be absorbed systemically thereby pre-

cluding use of further anticholinergics and contributing
to increased myocardial work and oxygen consumption.

. Oral carbonic anhydrase inhibitors predispose to meta-

bolic acidosis.

Prednisone use has certain effects.

1. Catabolic state induced by chronic use is likely to
weaken myocardial and respiratory musculature.

2. Immunosuppression and weakened vasculature can
predispose to skin infections near sites of venipunc-
ture and regional nerve blocks.

Anticonvulsant usage must be determined.

1. Phenobarbital is a potent enzyme inducer and may
lead to rapid metabolism of other barbiturates.

2. Liver enlargement caused by anticonvulsants may
add to respiratory difficulties from compression of
the diaphragm.

. Many antibiotics given perioperatively reduce blood

pressure intraoperatively (ampicillin, penicillin, cefazolin).

Some antibiotics (neomycin, vancomycin, amikacin)

may act as neuromuscular blockers owing to acetyl-

choline inhibition.

. Concurrent cardiac medications require attention.

1. Angiotensin-converting enzyme inhibitors may pre-
dispose to hypotension.

2. Beta blockers may reduce cardiac output and add
to intraoperative or perioperative bronchospasm.

III. Recent illnesses

Preoperative Evaluation and Anesthetic Protocols 3
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Normal Physiologic Values for Conscious
Small Animals Breathing Room Air

PHYSIOLOGIC PARAMETER CANINE VALUES FELINE VALUES
Temperature (° F)
99.5-102.5 100-102.5

Pulse Rate (beats per minute)
Small (toy) breeds 120-160 120-200
Medium breeds 80-140
Giant (large) breeds 60-100 100-150
Respiratory rate (breaths per minute)

10-35 10-50
Blood pressure (mm Hg)
Systolic 120-150 150-170
Diastolic 70-90 90-120
Mean 100-120 110-140
Pulse oximetry (%)

93-95 93-95

Modified from Muir WW III, Hubbell JAE, Skarda RT: Handbook of Veterinary
Anesthesia. Mosby, St. Louis, 2000.

A. Animals suffering from recentillness may be atincreased

B.

anesthetic risk.

If possible, delay procedures until dehydration, fever,
altered acid-base status, and abnormal electrolytes are
corrected.

Perform a Thorough Physical Examination

I. Obtain weight and vital signs (Table 1-2) as soon as the
animal enters the hospital to avoid stress-induced changes.
II. Body condition score is also noted (Figure 1-1).
A. Obesity can cause multiple problems.

1. Fat stores act as a depot of nonmetabolizing tissue
that tends to release anesthetic agents back into the
circulation slowly throughout the intraoperative or
perianesthetic periods.

2. Obese animals have decreased ventilatory capacity.
3. Increased cardiac stroke work results in ventricular
insufficiency and decreased myocardial perfusion.
4. Drug dosages are calculated based on ideal body

weight (Grimm, 2002).

Excessive thinness may indicate underlying subclinical

diseases, such as renal failure, heart disease, or chronic

parasitism.

Animals with little body fat are prone to hypothermia

and heating pad injuries and may be unusually sensitive

to highly fat-soluble drugs.

III. Pain and anxiety scoring can be performed with use of a
relatively simple subjective scale and, ideally, is an average
of the owner’s and an impartial observer’s (technician’s)
subjective rating (Figure 1-2).
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FIGURE 1-1 A, Body condition scoring system used in the dog. B, Body condition scoring system used in the cat. From Laflamme DP, Kealy RD,
Schmidt DA: Estimation of body fat by body condition score. ] Vet Intern Med 8:154, 1994; with permission.

B
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Worst pain possible
AN ‘Q)
1 2 3 4 s
Very anxious

FIGURE 1-2 Simple pain and anxiety scales used in small animal
medicine and surgery. The owner is asked to identify a point on each
line. An impartial observer (technician or veterinarian) is also asked to
identify a point on each line. Scores are then averaged and the final pain
and anxiety scores are noted in the pet’s record. Courtesy P. Wantuch,
with permission.

IV. Preoperative blood pressure and pulse oximeter readings

are obtained when warranted (e.g., presence of cardiac,
renal, pulmonary diseases).

V. Ideally the preanesthetic examination includes determina-

tion of hydration status and examination of the oral cavity
and pharynx.

VI. Examination of range of motion of the temporomandi-

bular joint and documentation of cephalic conformation

VIL

are useful in brachycephalic breeds or animals with neo-
plastic or inflammatory myositis.

Auscultation of heart and lungs, palpation of pulses in
several areas, abdominal palpation for the presence of fluid
or a space-occupying mass, and assessment of neurologic
and musculoskeletal systems are performed.

Classify Anesthetic Risk

L.

II.

The most widely accepted classification system for anes-
thesia risk is the American Society of Anesthesiologists
(ASA) categorization (Hosgood and School, 2002; McKelvey
and Hollingshead, 2000) (Table 1-3).

Inform owners of any increased risk and add an “E” status
for emergency anesthesia.

Obtain Minimum Data Base

L.

II.

III.

No universal guidelines for preanesthetic diagnostic tests
exist.

In all but elective surgeries on young (<1 to 1.5 years),
healthy animals, perform quick assessment tests (QATs).
Ideally, packed cell volume (PCV), albumin, total white
blood cell (WBC) count, creatinine, serum alanine trans-
ferase, and urine specific gravity are measured to help
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Classification of Physical Status and Anesthesia Risk

CATEGORY—ASSOCIATED RISK PHYSICAL CONDITION CASE EXAMPLES
Class I—minimal risk Normal, healthy animal Ovariohysterectomy
No underlying disease Castration
Declawing

Class II—mild risk

Class III—moderate risk

Class IV—high risk

disturbance
Animal that is able to compensate
without intervention

Animal with slight to mild systemic

Sedation for radiography, ear examination, nail trim
Neonatal or geriatric animals

Mild obesity

Skin mass removal

Uncomplicated hernias

Cystotomy

Abscesses or minor wound debridement

Animal with moderate systemic disturbance Anemia

Animal unable to compensate and showing Dehydration

clinical signs

Class V—grave risk Animal moribund or comatose

Low-grade fever

Mild heart or pulmonary disease
Renal insufficiency

Controlled endocrinopathy

Animal significantly and systemically ill with Severe dehydration
major organ compromise or failure

Shock

High fever

Uremia

Moderate heart or pulmonary disease

Renal failure

Trauma

Uncontrolled endocrinopathy

Animal not expected to survive >24 hours, with
or without surgery

Advanced cases of multiple organ failure

Major trauma

Terminal neoplasia

Shock

Terminal endocrine disease

Modified from McKelvey D, Hollingshead KW: Small Animal Anesthesia and Analgesia. 2nd Ed. Mosby, St. Louis, 2000.

prioritize choice of drugs, monitoring, IV fluid types, and

volumes.

A. Animals with albumin <2.0 mg/dL often require
colloidal infusions perioperatively and use of low
protein-binding, reversible preanesthetic and anes-
thetic agents, such as midazolam, fentanyl, thiopental,
and etomidate.

B. Animals with low specific gravity and mildly elevated
creatinine may require measures to preserve blood
pressure.

1.

Benzodiazepines might replace acepromazine as
premedication.

. Periods of hypotension are aggressively treated with

fluid volume expansion (5 to 10 mL/kg crystalloid
IV infusion over 5 to 10 minutes) and vasopressor
therapy (dopamine 3 to 5 pug/kg/min IV).

. Animals with low PCVs (<20% to 24%, depending

on acute or chronic state) may be transfused before

removal or biopsy of a vascular organ, such as the
spleen or kidney.

4. Hyperkalemic (>6.0 to 6.5 mEq/L) animals require
treatment before induction of general anesthesia
to avoid cardiac disturbances (see Chapter 48).

IV. Additional testing (coagulation profile, electrolyte deter-
mination, blood gases, lactate levels, electrocardiography,
and thoracic or abdominal radiographs) is performed
based on body system abnormalities identified on physical
examination.

¥ SELECTION OF ANESTHETIC
PROTOCOLS

Safe and Effective Sedation/Anesthesia

I. Stabilize the animal according to the triaged problem list
before administering anesthesia.
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II. The goal of anesthesia is to maintain, if not improve,
oxygenation, perfusion, and waste removal of all tissues
during a procedure.

III. The basic protocol followed for anesthesia of most animals
is outlined below:

A.

Premedication is delivered either IM or IV, and consists

of the following:

1. Asedative or anxiolytic drug, such as a phenothiazine
or benzodiazepine

2. An analgesic drug, usually an opioid, alpha-2, agent,
or both

3. An anticholinergic drug, such as glycopyrrolate, if
needed
a. Glycopyrrolate is used in ophthalmic procedures,

animals with GI disease, central nervous system
(CNS) space-occupying lesions, and cervical or
laryngeal diseases.

b. Glycopyrrolate is not used in animals with car-
diac disease, hyperthyroidism, pancreatic disease,
overt nervousness or anxiety, or shock.

c. Atropine is no longer used for routine pre-
medication owing to its ability to induce potent
tachycardias, potentiation of CNS disorders, and
because of its profound potential for ileus.

An induction agent is usually delivered IV.

1. The induction agents may be delivered with pre-
medications in protocols for elective surgery (e.g.,
ketamine, butorphanol, and medetomidine com-
bined and delivered together IM).

2. Common choices of induction agents include keta-
mine, ketamine/benzodiazepine combinations, thio-
pental, opioid/benzodiazepine combinations, propofol,
and etomidate.

A maintenance agent, usually isoflurane or sevoflurane,

is typically delivered in oxygen or oxygen-nitrous oxide

mixtures via agent-specific vaporizers.

Local or regional nerve blockade is usually administered

after induction.

Nonsteroidal antiinflammatory agents are administered

preoperatively, intraoperatively, or postoperatively.

Infusions of certain agents (morphine, fentanyl, lido-

caine, or ketamine) can be given pre-, intra-, or post-

operatively to reduce administration of more potent
induction and inhalant agents, aid in anxiolysis, pro-
mote muscle relaxation, and provide analgesia.

. Suggested doses of agents are listed in Table 1-4.

Drug Options for Problem Cases

I. Animals with pulmonary or thoracic diseases

A.

B.

C.

D.

Intrathoracic effusion and/or accumulation of air are
removed before inhalant administration.

Arterial blood gases help to determine severity of
respiratory dysfunction.

Preoxygenation is essential to reduce hypoxemia of
induction agent administration.

Sedation usually improves oxygenation, but may worsen
hypercarbia.

Low-dose anticholinergics and ketamine are useful for

bronchodilation.

Pure mu agonists, such as hydromorphone and fentanyl,

may cause marked respiratory depression.

1. Their use is warranted for prevention and treatment
of pain.

2. Monitoring via capnography and pulse oximetry is
recommended.

3. Mechanical ventilation may be necessary with end-
tidal carbon dioxide >50 mm Hg.

. Ventilation with high frequencies and low tidal volumes

is useful in the presence of intrathoracic or large
pulmonary mass lesions.

. Local or regional nerve blockade (intercostal, intrapleural,

or epidural analgesia) is highly recommended to provide
excellent comfort and avoid systemic opioid side effects.

II. Animals with upper respiratory disorders
A. Minimize stress to improve oxygenation and decrease

anxiety of dyspnea.

1. Acepromazine relieves stress and improves blood
flow.

2. The combination of low-dose medetomidine coupled
with mild opioids (butorphanol or buprenorphine)
relieves anxiety, provides analgesia, is antitussive,
and is reversible.

B. Anticholinergicsare usually necessary to combatincreased

vagal tone, but avoid high doses and repeat dosing.

1. Bronchodilation potentially increases negative in-
spiratory pressure further.

2. Increased viscosity of secretions worsens main
airway obstruction.

. Preoxygenation is important but can be of limited

help if obstruction (laryngeal paralysis, nasopharyngeal
polyp) is severe.
1. Masks must not be used in cases of upper airway
obstruction unless the animal tolerates them.
2. Masks worsen stress, hypoxia, and hypercapnia.
3. Flow-by oxygenation is suggested instead.
a. The end of rebreathing circuits held to an animal’s
nares or mouth.
b. Oxygen line directly from an oxygen flowmeter is
held similarly.
¢. Oxygen line is directed into an Elizabethan collar
“chamber.”
d. Oxygen can be delivered via an oxygen cage.

. Assorted tracheal tubes (smaller than expected), suc-

tion apparatus, and tracheostomy kits are made readily
available before induction.

Ketamine and benzodiazepine combinations, as well
as carefully titrated propofol, are suitable induction
agents.

In most cases, postoperative extubation is delayed as
long as possible for animals with nasal disease.

. Ironically, many animals with pharyngeal or laryngeal

inflammatory disease oxygenate better if extubated
earlier, as long as attention is paid to their potential for
aspiration.

II1. Animals with cardiovascular instability
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Preanesthetic and Anesthetic Agents with Suggested Dose Ranges

DRUGS CANINE DOSE

FELINE DOSE

Preanesthetic Agents

Anticholinergics

Glycopyrrolate 0.003-0.01 mg/kg SC, IM, IV

Sedatives and Tranquilizers

0.003-0.007 mg/kg SC, IM, IV

Acepromazine 0.01-0.03 mg/kg SC, IM, IV
Diazepam 0.1-0.5 mg/kg IV
Midazolam 0.1-0.5 mg/kg SC, IM, IV

Sedative Analgesics

0.01-0.03 mg/kg SC, IM, IV
0.1-0.5 mg/kg IV
0.1-0.5 mg/kg SC, IM, IV

Medetomidine 0.001-0.010 mg/kg SC, IM, IV 0.005-0.030 mg/kg SC, IM, IV
Dexmedetomidine 0.001-0.005 mg/kg SC, IM, IV 0.002-0.015 mg/kg SC, IM, IV
Opioid Analgesics

Butorphanol 0.1-0.2 mg/kg SC, IM, IV 0.1-0.2 mg/kg SC, IM, IV
Buprenorphine 0.01-0.02 mg/kg SC, IM, IV 0.02 mg/kg mucosally, SC, IM, IV
Morphine 0.3-0.7 mg/kg SC, IM 0.2-0.5 mg/kg SC, IM
Hydromorphone 0.1-0.15 mg/kg SC, IM, IV 0.1 mg/kg SC, IM, IV
Oxymorphone 0.1-0.2 mg/kg SC, IM, IV 0.1 mg/kg SC, IM, IV

Fentanyl 0.003-0.005 mg/kg SC, IM, IV 0.003-0.005 mg/kg SC, IM, IV
Remifentanil 0.001-0.003 mg/kg IV 0.001-0.003 mg/kg/IV

Nonsteroidal Antiinflammatory Drugs (parenteral only)

Meloxicam 0.2 mg/kg SC, IM, IV
Carprofen 2.2-4 mg/kg SC, slow IV
Ketoprofen 1-2 mg/kg SC, IM, IV*

Single and Combination Induction Agents

0.2-0.3 mg/kg SC, IM, IV
2.2 mg/kg SC
1 mg/kg SC, IM, IV*

6-10 mg/kg IV to effect’

3-6 mg/kg IV to effect

3-5 mg/kg ketamine with 0.3-0.5 mg/kg
diazepam or midazolam IV*

0.003-0.005 mg/kg fentanyl with 1 mg/kg
etomidate TV®

0.3 mg/kg midazolam with 0.02 mg/kg
fentanyl IV®

0.3 mg/kg midazolam or diazepam with
0.1 mg/kg oxymorphone or

Thiopental

Propofol

Ketamine and diazepam or
ketamine and midazolam

Fentanyl and etomidate

Midazolam and fentanyl

Midazolam or diazepam and
oxymorphone or

hydromorphone hydromorphone IV®
Ketamine, medetomidine, and 3 mg/kg ketamine, 0.005 mg/kg
butorphanol medetomidine, and 0.2 mg/kg

butorphanol IM!!

6-10 mg/kg IV to effect’

3-6 mg/kg IV to effect

3 mg/kg ketamine with 0.3-0.5 mg/kg diazepam or
midazolam IV*

0.005 mg/kg fentanyl with 1 mg/kg etomidate TV®

0.3 mg/kg midazolam with 0.01 mg/kg
fentanyl IV®

0.3 mg/kg midazolam or diazepam with 0.1 mg/kg
oxymorphone or hydromorphone IV®

5 mg/kg ketamine, 0.025 mg/kg medetomidine,
and 0.2 mg/kg butorphanol IM!!

SC, Subcutaneous; IM, intramuscular; I'V; intravenous.

*Hemorrhage has been seen with preoperative and intraoperative use of ketoprofen. If used perioperatively, administer it postoperatively and ensure adequate

coagulation ability before administration.

T“To effect” implies administration of agents until adequate laryngeal relaxation and central nervous system depression are seen.

*Drugs listed are mixed together before administration.

SDrugs listed are given in succession, with the second drug often given to effect.

IUsed for elective surgical procedures. In the dog, additional IV induction agents may be required to achieve adequate plane of anesthesia for intubation.

Continued
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Preanesthetic and Anesthetic Agents with Suggested Dose Ranges—contd

DRUGS CANINE DOSE FELINE DOSE
Local and Regional Blockade
Perilesional or perineural 2-5 mg/kg SC 2-3 mg/kg SC
infiltration with lidocaine
Perilesional or perineural 0.5-2 mg/kg SC 0.2-0.5 mg/kg SC
infiltration with bupivacaine
Epidural 0.1 mg/kg morphine with 0.3 mg/kg 0.05 mg/kg morphine with 0.1 mg/kg bupivacaine

bupivacaine or 0.1 mL/kg saline

Continuous Rate Infusions

or 0.1 mL/kg saline

Lidocaine 0.05 mg/kg/min IV
Ketamine 0.01-0.02 mg/kg/min IV
Morphine 0.002 mg/kg/min IV
Fentanyl 0.3-0.7 pg/kg/min IV
Remifentanil 0.1-0.3 pg/kg/min IV

0.005 mg/kg/min IV
0.01 mg/kg/min IV
0.002 mg/kg/min IV
0.3 pg/kg/min IV
0.1 ug/kg/min IV

A. Stabilization of fluid balance before induction of
anesthesia is critical.

1. Pulmonary, pleural, or abdominal fluid accumula-
tions are drained (at least partially) with appropriate
diuretics or centesis before any agent administration
or procedures.

2. Normovolemia to hypovolemia with adequate blood
pressure (mean Doppler pressure of >60 to 70 mm Hg)
is required.

B. Preoxygenation is essential.

2. Dogs

a. Ketamine with diazepam or midazolam combina-
tions are useful for increasing cardiac output in
mild to moderate cardiac deficient states (valvular
disease or mild dilated cardiomyopathy).

b. Other appropriate induction options are opioid/
benzodiazepine and fentanyl/etomidate com-
binations.

E. Isoflurane is the preferred maintenance inhalant agent

to improve myocardial blood flow.

1. It avoids desaturation and hypoxemia that occurs E Local and regional nerve blockade, such as epidural
with preanesthesia and induction agent use. opioid administration, is useful to provide excellent

2. Itreadily relieves anxiety and angina, especially in cats. analgesia and avoid respiratory depression associated

3. Oxygen is a potent pulmonary and cardiac vaso- with systemic opioid use.
dilator that improves cardiac function. G. Pericardial disease requires unique intervention before

C. Choice of premedication is carefully considered. induction of anesthesia.

1. Opioids and benzodiazepines are drugs of choice 1. Effusions are removed before induction with use of
for premedication. ultrasonography or electrocardiographic guidance.

2. Morphine is very beneficial for anxiolysis, anginal 2. Maintenance of preload is essential, so fluids are
pain, and redistribution of vascular volume from given to maintain cardiac output (mean Doppler
the pulmonary circulation through peripheral vaso- blood pressure >70 mm Hg) and to increase central
dilation. venous pressure (5 to 10 cm H,0) when it is low in

3. Anticholinergics and acepromazine are avoided. this subset of cardiac patients.

4. When decreased myocardial perfusion is present IV. Animals with renal disease

(cardiomyopathies in cats), alpha-2 agents may be
indicated (Lamont et al., 2001; Lamont et al., 2002).
5. Alpha-2 agents are not used in dogs with valvular
disease or any animal with a life-threatening brady-
arrhythmia or dilated cardiomyopathy.
D. Induction agents are given to effect.
1. Cats
a. Ketamine and ketamine/benzodiazepine com-
binations are avoided.
b. Appropriate options are fentanyl, fentanyl and
midazolam, propofol in small doses, and
etomidate.

A. Animals with acute renal failure should not be sedated

or anesthetized until adequate hydration, volume, acid

base and electrolyte status, as well as blood pressures

are attained.

Animals with renal insufficiency must be well hydrated

before sedation and anesthesia.

Minimal premedication is suggested with use of drugs

that are least likely to diminish cardiac output (e.g.,

benzodiazepines, opioids).

1. Hydromorphone or oxymorphone is the preferred
opioid; metabolites of morphine may accumulate
with renal disease.
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2. Acepromazine may be beneficial to allow afferent
vasodilatation and increased renal blood flow
(Bostrom et al., 2003).

Most induction and inhalant agents reduce glomerular

filtration rate through decreases in renal blood flow;

therefore, maintenance of blood pressure becomes
paramount to success.

Induction agent choices are limited.

1. Avoid highly protein-bound drugs, such as barbitu-
rates, or drugs excreted primarily by the kidney
(e.g., ketamine).

2. Opioid/benzodiazepine combinations and propofol
are suggested induction agents.

Isotonic crystalloid solution is administered at a fairly
high rate (10 to 15 mL/kg/hr IV) to promote diuresis,
with the rate reduced over time if adequate blood pres-
ure and urine output are maintained; if preexisting
hypoalbuminemia is present, judicions use of both
colloids and crystalloids is recommended.

Isoflurane and sevoflurane are used as inhalant agents.

A byproduct of sevoflurane’s interaction with the carbon

dioxide absorbent, Compound A, has been found to

cause renal impairment in laboratory animals, but this
phenomenon has not been documented in domestic
species anesthetized with sevoflurane.

Colloids (hetastarch 2 to 4 mL/kg/hr IV) or vasoactive

agents (dopamine 3 to 5 pg/kg/min IV) can be added to

increase blood pressure or urine output.

V. Animals with neurologic disease

A.

Limited evidence exists that acepromazine reduces the
seizure threshold (Wagner et al., 2003; Blaze, 2005;
Brock 1994).

Although some anesthetic agents (ketamine, metho-
hexital, etomidate) appear to increase the potential for
seizures, use of acepromazine is not likely to do so
(McKelvey and Hollingshead, 2000; Tobias et al., 2006).
Anticholinergics are used sparingly; glycopyrrolate is
preferred over atropine because of its modest effect at
increasing heart rate and purported inability to cross an
intact blood-brain barrier and aggravate delirium.
Avoid anesthetics known to increase intracranial pres-
sure, such as ketamine, tiletamine, and halothane.
Direct effects of opioids on cerebral blood flow and
intracranial pressure are negligible, so they are useful
agents.

Benzodiazepines and ultra—short-acting barbiturates
in low doses are useful, owing to their effect on main-
taining intracranial pressure and reducing neuronal
activity.

Thiopental, propofol, benzodiazepine, and fentanyl
combinations are all useful induction agents that act
to slow neuronal activity and decrease intracranial
pressure.

Sevoflurane is the preferred inhalant for maintenance
of cerebral perfusion pressure.

Controlled hyperventilation with monitoring by cap-
nography counteracts the effects of inhaled agents
(central vasodilatation) on intracranial pressure.

Preoperative Evaluation and Anesthetic Protocols 9

Fluid administration is restricted to maintaining euvole-

mia, normal to hyperosmolarity, and adequate arterial

blood pressures.

1. Fluids are regularly restricted to 2 to 5 mL/kg/hr IV.

2. Mannitol (0.5 to 1 g/kg IV slowly over 20 minutes)
is given when increased intracranial pressure or
tentorial herniation is suspected (ventral eye rota-
tion, papillary dilation, optic disc edema, brady-
cardia, bradypnea, apneustic breathing patterns).

3. Fluid therapy is stopped during mannitol admin-
istration.

4. Furosemide can be administered at 1 to 2 mg/kg IV
for enhanced diuresis after mannitol therapy.

VI. Animals with liver disease

A.

H.

Premedications and induction agents that are highly

protein bound to gamma aminobutyric acid (GABA)

receptors (benzodiazepines and barbiturates) are
avoided in animals with overt or suspected hepatic
encephalopathy.

Opioids are useful, but hepatic clearance is usually

impaired.

1. Lower doses and less frequent administration are
often required.

2. Epidural administration is the preferred route for
opioid analgesia.

3. Remifentanil is an ultrapotent, short-acting opioid
metabolized by plasma esterases; in animals with
severe liver dysfunction, it represents a suitable in-
duction agent and analgesic infusion agent.

Hypotension is often severe in animals with end-stage

chronic disease or hepatic encephalopathy, and is often

resistant to treatment with vasoactive or vasopressor
agents.

Because of the potential for severe hypotension,

impaired coagulation, and hypoalbumenimia, avoid

acepromazine.

Alpha-2 agonists may be useful as premedicants because

their sedative and cardiovascular effects are short-lived,

and effects of these agents are reversible.

Induction agent choice is very limited.

1. Thiopental is metabolized actively by the liver, so
prolonged recovery is expected if liver impairment
is significant.

2. Propofol is the agent of choice, owing to its short
half-life and limited hepatic uptake.

. Sevoflurane is metabolized by the liver slightly more

than isoflurane, but both are acceptable choices for
animals with liver disease.

Avoid lactate-containing fluids; Normosol-R, Plasmalyte,
or saline are the preferred crystalloid solutions.

Bibliography

Ackermann L: Personal communication, March 2005
Barr SC, Ludders JW, Looney AL: Platelet aggregation in dogs after

sedation with acepromazine and atropine and during subsequent
general anesthesia and surgery. Am ] Vet Res 53:2067, 1992

Benson GJ, Grubb TL, Neff-Davis C et al: Perioperative stress response

in the dog: effect of pre-emptive administration of medetomidine.
Vet Surg 29:85, 2000



10 sEecTion 1 Patient Evaluation

Blaze C: Personal communication, November 2005

Bostrom I, Nyman G, Kampa N et al: Effects of acepromazine on renal
function in anesthetized dogs. Am J Vet Res 64:590, 2003

Brock N: Acepromazine revisited. Can Vet ] 35:458, 1994

Carpenter RE, Pettifer GR, Tranquilli WJ: Anesthesia for geriatric
patients. Vet Clin North Am Small Anim Pract 35:571, 2005

Cuvelliez S, Rondenay Y: Canine breed-specific problems. p. 233. In
Greene SA (ed): Veterinary Anesthesia and Pain Management
Secrets. Hanley and Belfus, Philadelphia, 2002

Cuoto G: Why do greyhounds bleed? Proc North Am Vet Conf 20:1365,
2006

Famula TR, Belanger JM, Oberbauer AM: Heritability and complex
segregation analysis of hypoadrenocorticism in the standard poodle.
J Small Anim Pract 44:8, 2003

Feeman WE: Idiosyncrasies in greyhounds that can affect their medical
care. Vet Med 100:592, 2005

Glintborg B, Andersen SE, Dalhoff K: Drug-drug interactions among
recently hospitalized patients—frequent but mostly clinically
insignificant. Eur J Clin Pharmacol 61:675, 2005

Goodman L, Trepanier L: Potential drug interactions with dietary
supplements. Compend Contin Educ Pract Vet 27:780, 2005

Grimm KA: Obesity. p. 225. In Greene SA (ed): Veterinary Anesthesia
and Pain Management Secrets. Hanley and Belfus, Philadelphia,
2002

Hosgood G, School DT: Evaluation of age and American Society of
Anesthesiologists (ASA) physical status as risk factors for peri-
anesthetic morbidity and mortality in the cat. ] Vet Emerg Crit Care
12:9, 2002

Hughes D: Fluid therapy with artificial colloids: complications and
controversies. Vet Anaesth Analg 28:111, 2001

Kudnig ST, Mama K: Perioperative fluid therapy. ] Am Vet Med Assoc
221:1112,2002

Laflamme DP: Development and validation of a body condition score
system for dogs. Canine Pract 22:10, 1997

Laflamme DP, Kealy RD, Schmidt DA: Estimation of body fat by body
condition score. ] Vet Intern Med 8:154, 1994

Lamont LA, Bulmer BJ, Grimm KA et al: Cardiopulmonary evaluation
of the use of medetomidine hydrochloride in cats. Am J Vet Res
62:1745, 2001

Lamont LA, Bulmer BJ, Sisson DD et al: Doppler echocardiographic
effects of medetomidine on dynamic ventricular outflow tract
obstruction in cats. ] Am Vet Med Assoc 221:1276, 2002

Lascelles BDX, McFarland JM, Swann H: Guidelines for safe and
effective use of NSAIDs in dogs. Vet Therapeut 6:237, 2005

MacPhail CM, Lappin MR, Meyer DJ et al: Hepatocellular toxicosis
associated with administration of carprofen in 21 dogs. ] Am Vet
Med Assoc 212:1895, 1998

Marik PE: Propofol: therapeutic indications and side effects. Curr
Pharm Des 10:3639, 2004

McKelvey D, Hollingshead KW: Small Animal Anesthesia and Anal-
gesia. Mosby, St. Louis, 2000

Mealey KA, Matthews NS: Drug interactions during anesthesia: general
principles. Vet Clin North Am Small Anim Pract 29:629 1999

Mitchell SL, McCarthy R, Rudloff E et al: Tracheal rupture associated
with intubation in cats: 20 cases (1996-1998). ] Am Vet Med Assoc
216:1592, 2000

Moore GE, Glickman LT: A perspective on vaccine guidelines and
titer tests for dogs. ] Am Vet Med Assoc 224:200, 2004

Muir WW III, Hubbell JAE, Skarda RT et al: Handbook of Veterinary
Anesthesia. 3rd Ed. Mosby, St. Louis, 2000

Neath PJ, Brockman DJ, King LG: Lung lobe torsion in dogs. ] Am Vet
Med Assoc 217:1041, 2000

Nishiyama T, Hanaoka K: Propofol-induced bronchoconstriction: two
case reports. Anesth Analg 93:645, 2001

Papich MG: Effects of drugs on pregnancy. p. 1291. In Kirk RW (ed):
Current Veterinary Therapy X. Small Animal Practice. WB Saunders,
Philadelphia, 1989

Pascoe PJ, Moon PF: Periparturient and neonatal anesthesia. Vet Clin
North Am Small Anim Pract 31:315, 2001

Perkowski SZ: Anesthesia for the emergency small animal patient. Vet
Clin North Am Small Anim Pract 30:509, 2000

Remillard RL, Ross JN, Eddy JB: Variance of indirect blood pressure
measurements and prevalence of hypertension in clinically normal
dogs. Am J Vet Res 52:561, 1991

Robertson SA, Johnston S, Beemsterboer J: Cardiopulmonary, anes-
thetic, and postanesthetic effects of intravenous infusions of propofol
in greyhounds and non-greyhounds. Am J Vet Res 53:1027, 1992

Ross AF, Tinker JH: Anesthesia risk. p. 791. In Miller RD (ed):
Anesthesia. 4th Ed. Churchill Livingstone, New York, 1994

Rubin BR: Management of osteoarthritic knee pain. ] Am Osteopath
Assoc 105:252, 2005

Shamir M, Goelman G, Chai O: Postanesthetic cerebellar dysfunction
in cats. ] Vet Intern Med 18:368, 2004

Tobias KM, Marioni-Henry K, Wagner R: A retrospective study on
the use of acepromazine maleate in dogs with seizures. ] Am Anim
Hosp Assoc 48:283, 2006

Wagner AE, Wright BD, Hellyer PW: Myths and misconceptions in
small animal anesthesia. ] Am Vet Med Assoc 223:1426, 2003



2

Collection and Interpretation
of Laboratory Data

Rhea V. Morgan

This chapter presents the techniques and procedures for col-
lecting samples for certain laboratory tests (Tables 2-1 to 2-4).
Normal values and interpretative guidelines are included. (For
normal physiologic values, see Appendix I.)

2Y ANION AND OSMOLAL GAPS

Anion Gap

Definition

I. By the law of electroneutrality, the concentration of cir-
culating anions equals that of circulating cations.
II. Cations and anions are classified as measured or unmeasured.
A. Measured
1. Anions: CI-, HCO;~
2. Cations: Na*, K*
B. Unmeasured
1. Anions (UA): albumin, o~ and B-globulins, PO,™,
SO,*, organic acids, certain toxins and drugs
2. Cations (UC): gamma globulins, Ca**, Mg**, certain
drugs
C. In electroneutrality:

Na"+ K"+ UC=Cl" + HCO; + UA

III. Anion gap is the difference between measured cation and
anion concentrations.
A. Denotes an alteration in some unmeasured component
of the equation
B. Anion gap = (Na* + K*) — (CI" + HCO5")
1. Normal: 12 mEq/L; range: 8 to 16 mEq/L
2. May be increased by either a decrease in UC or an
increase in UA
3. Is decreased by either an increase in UC or a decrease
in UA
4. Potassium sometimes deleted from equation because
of its low, constant concentration

Causes

I. Causes of increased anion gap

Increase in UA

Increase in serum lactate, ketoacids, and uremia
Certain medications: carbenicillin, penicillin
Dehydration: concentrated normal anions
Alkalemia

Decrease in UC concentrations: Ca**, Mg**

MmO O® R

G. Increase in serum albumin
H. Toxins: ethylene glycol, methanol, salicylate, paraldehyde
II. Causes of decreased anion gap
A. Increase in normal cations, especially Ca**, Mg**, and
globulins
B. Retention of abnormal cations (e.g., multiple myeloma)
C. Loss of UA: hypoalbuminemia

Clinical Significance

L. Increases index of suspicion that unexpected (or un-
measured) cations or anions are present in serum
II. Allows further definition and classification of metabolic
acidotic states
A. Metabolic acidosis with normal or decreased anion gap
is usually caused by renal or intestinal loss of bicar-
bonate (hyperchloremic acidosis).
B. Metabolic acidosis associated with an increased anion
gap may have various causes.
1. Diabetic ketoacidosis
2. Lactic acidosis
3. Ethylene glycol or paraldehyde intoxication
4. Acute renal failure

Osmolal Gap

Definition

I. Osmolal gap is the difference between measured serum
osmolality and calculated osmolality.
II. Serum osmolality can be measured with an osmometer.
A. The major osmotically active solutes are Na*, K*, glucose,
and urea (measured as blood urea nitrogen [BUN]).
B. Normal osmolality is 285 to 300 mOsm/kg.
III. Calculated serum osmolality is derived from the following
equation:

BUN

Glucose
M

18

2(Na* + K*) +

IV. A difference of >10 mOsm between the measured and
calculated values is significant.

Causes

I. If the calculated value exceeds the measured value, a
mathematical or laboratory error exists.
II. If the measured value is normal but the calculated value is
low, a decrease in serum water is the usual cause.

11
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18 sEecTionN 1 Patient Evaluation

P

Interpretation of Selected Serologic Tests

DISEASE TEST INTERPRETATION

Brucellosis A. RSAT A. Good screening test

Leptospirosis A.

Feline infectious A.

peritonitis (FIP)

Canine parvovirus A.

. Tube agglutination tests

1. TAT

2. ME-TAT

. AGID

. ELISA

IFA
MAT

. ELISA

IFA, ELISA

. PCR assay

Hemagglutination inhibition,
ELISA

. Fecal ELISA or

hemagglutination

False positives occur, so perform further seologic assay to confirm the
diagnosis; a modification of the test (ME-RSAT) using a less mucoid
(M-) variant of Brucella canis has fewer false positives; it becomes
positive within 3-4 wk, but false negatives can occur up to 8 wk

. Most common confirmatory test

1. Becomes positive by 3-6 wk
Titer results:
1:50 = early or recovering infection
1:50-1:100 = suspicious
21:200 = active infection
Occurrence of false positives similar to RSAT
2. Fewer false positives
Becomes positive 1-2 wk after TAT or 5-8 wk post-infection
21:200 = active infection

. Becomes positive in 8-12 wk

Very specific; used to confirm diagnosis, especially in chronic cases

Both somatic and cytoplasmic (CPAg-AGID) tests available, but
somatic rarely used

Results reported as positive, suspicious, or negative

Repeat in 4-6 wk if first results are suspicious

May remain positive for 1 yr

. Very specific, but less sensitive than TAT tests

Becomes positive by 4 wk

. Sensitivity is uncertain, so some infected dogs may be missed
. Titers <1:400 may be postvaccinal

Titers >1:800 usually indicate infection

Paired samples 2-4 wk apart are tested; a fourfold increase in titer is
diagnostic

Tests for serovar groups, not individual serovars

. IgM titer: develops after 1 wk

IgG titer: develops in 2-3 wk
Vaccinates: high IgG titer with low or negative IgM titer

. Titer >1: 1600 (most laboratories) or fourfold increase over 2-4 wk is

compatible with a positive diagnosis

Titer > 1: 240 is inconclusive

NoTE: This titer cross-reacts with other feline coronaviruses, so is not
specific for FIP

. May help confirm presence of coronavirus in seronegative cats, but

false negatives can occur and is not specific for FIP

. Positive diagnosis:

Single high IgM titer
Fourfold rise in IgG titer over 2-4 wk; also considered protective

. Sensitive and specific test

Shedding of virus is brief and usually not detected by day 10-12 of
infection (day 5-7 of clinical illness)
Vaccination produces false positives 5-12 days after administration

RSAT, Rapid slide agglutination test; TAT, tube agglutination test; ME-TAT, 2-mercaptoethane TAT; AGID, agar-gel immunodiffusion; ELISA, enzyme-linked
immunosorbent assay; IFA, indirect immunofluorescence antibody; MAT, microscopic agglutination test; I[gM, immunoglobulin M; IgG, immuoglobulin G; PCR,
polymerase chain reaction; FIP, feline infectious peritonitis.
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P

Interpretation of Selected Serologic Tests—contd

DISEASE TEST INTERPRETATION
Ehrlichiosis A. TFA A. Becomes positive in 7-28 days
(Ehrlichia canis) Titer >1:80 is considered positive in endemic areas

Any measurable titer (>1:10) is significant in dogs in nonendemic areas

Submit a second sample 2-3 wk later if suspicious case is negative on
first sample

Titers persist for 6-9 mo after infection

Cross-reactivity occurs with Neorickettsia spp., Helminthoeca spp., and
other ehrlichial agents

B. Western immunoblotting B. Detects antibodies 2-8 days after exposure
assay Can distinguish E. canis from E. ewingii
C. PCR assay C. Positive within 4-10 days

In the future, it may be able to distinguish active infection from titers
that persist following successful treatment of disease

Rocky Mountain A. Indirect immunofluorescence  A. Submit acute and convalescent titers 2-3 wk apart
spotted fever test (Micro-IF) or ELISA Titer <1:64 = normal
for IgG Titer >1:1024 in East, >1:25 in West = infected

Fourfold increase in titers is diagnostic

False negatives occur early in disease

Titers may stay elevated (1:128) for 5-10 mo
B. Micro-IF or ELISA for IgM B. Decreases within 4-8 wk

Single high titer indicates active infection

C. Latex agglutination C. Sensitivity lower than Micro-IF tests
Single high titer (>132) is diagnostic
D. PCR assay D. Can be run on both whole blood and tissues
Nested PCR more sensitive in treated dogs
Borreliosis (Lyme A. TFA, ELISA A. Titers are difficult to interpret and may indicate exposure rather than
disease) active infection

Can cross-react with other bacteria, especially other Borrelia spp. and
Leptospira spp.

Symptomatic dogs usually have titers >1:128

Measure IgG and IgM titers simultaneously

Fourfold increase in paired samples submitted 2-4 wk apart is supportive

IgG titers become positive in 4-6 wk and persist for 2 yr

IgM titers may persist for several months

Titers do not distinguish postvaccinal responses from actual infection
B. Western immunoblotting assay B. Can distinguish postvaccinal responses from actual exposure/infection

and identify false negatives

C. ELISA for specific outer C. Antibodies to OspA and OspB indicate post-vaccinal response
surface proteins (Osp) Antibodies to OspC indicate active infection
Cy assay way indicate active infection and help assess response to
treatment
Toxoplasmosis A. THA A. Becomes positive in 2 wk; detects IgG

Relatively insensitive, not species specific

Fourfold rise in titer over 2-3 wk supportive
B. LAT, MAT B. Become positive in 2 wk, detects IgG

MAT more sensitive

Positive results: LAT > 1:64

MAT > 1:100
Fourfold rise in titer over 2-3 wk supportive
Test may be applied to aqueous humor or CSF

IHA, Indirect hemagglutination; LAT, latex agglutination test; CSF, cerebrospinal fluid.
Continued
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Interpretation of Selected Serologic Tests—cont'd

DISEASE TEST

INTERPRETATION

C. IFA for IgM, IgG

D. ELISA for IgM, IgG

E. All tests
Blastomycosis A. AGID

B. ELISA
Cryptococcosis A. LAT

B. PCR

Coccidioidomycosis ~ A. TP test

B. CF test

C. LAT

D. AGID-TP, AGID-CF

o3|

. ELISA

. CF titer

. Skin histoplasmin test
AGDD

CIE

. ELISA

. PCR assay

Histoplasmosis

Aspergillosis

DO Wy W

C. False positives occur
IgM elevated within 1-2 wk and IgG detectable after 2 wk
Single high IgM titer (1:64), with negative IgG titer, implies active
infection
Fourfold increase in titers over 2-5 wk supportive
Test may be applied to aqueous humor or CSF
D. More sensitive than IHA or LAT
IgM titer >1.256, with negative IgG titer, implies active infection
IgM is detected within 1-2 wk
IgG is detectable in approximately 2-4 wk
Fourfold increase in titers over 2-3 wk supportive
Test may be applied to aqueous humor or CSF
E. NortE: Use caution when interpreting results; antibodies can occur in
the sera of both healthy and diseased cats; therefore serologic tests
alone do not confirm the presence of disease; titers may persist for
months to years following infection
A. If positive, dog has 91% chance of having active disease but test may be
negative in acute stages
B. May be more sensitive than AGID in cats
Accuracy and sensitivity poorly defined
A. Cat: Titer >1:12 indicative of active infection
Dog: Any positive result indicative of infection
False negatives can occur with localized disease
False positives possible with contamination of assay; test cross-reacts
with Trichosporon spp.
Titers correlate well with extent and course of disease, and response to
therapy
May be assayed in serum, urine, CSF
B. May be performed on tissues
May be assayed in serum, urine, CSF
A. Becomes positive in 2-6 wk
Detects IgM; is a qualitative test and fades quickly (within 4-6 wk)
B. Detects IgG and appears in 8-10 wk
Titer <1:4 = negative
Titer 21:16 = suspicious, chronic, or localized disease
Titer 21:32 = active disease
Rise or drop in titer corresponds well with clinical course, but titers
remain elevated for months after treatment or disease arrest
C. Measures IgM, so detects acute infection
Some false positives in dogs
D. More sensitive assays
AGID-TP detects IgM; AGID-CF detects IgG
E. Available for detection of both IgM and IgG
Some false positives in dogs; cross-reacts with blastomycosis
Neither test is considered reliable in dogs and cats for definitive diagnosis

A. False positive rate of 6%; cross-reacts with Penicillum spp.
B. Up to 15% false-positive results
C. Less reliable than AGDD or CIE
D. Used experimentally; clinical availability limited
NOTE: Some infected dogs never seroconvert; false negative rate is
higher when only one antigen tested

TP, Tube precipitin; CF, complement fixation; AGDD, agar gel double diffusion; CIE, counterimmunoelectrophoresis.



CHAPTER 2

III. An unmeasured osmole is suggested when both values are
elevated and a significant gap exists.

Mannitol, glycerin

Sorbitol, acetone

Ethylene glycol, alcohol

Myeloma protein, hyperlipidemia

Infused hyperosmotic solutions

Activated charcoal containing propylene glycol and

glycerol (Burkitt et al., 2005)

MmO O® R

Clinical Significance

L. Directs attention to laboratory errors
II. Detects presence of unmeasured osmoles (e.g., ethylene
glycol)
III. Can be used to confirm hyperproteinemia and hyper-
lipidemia
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Selected Diagnostic and
Therapeutic Procedures

Rhea V. Morgan

B¥ CENTRALVENOUS PRESSURE
MEASUREMENT

Definition
I. Central venous pressure (CVP) is the measurement of
fluid pressure in the anterior vena cava or right atrium.
II. Itisa dynamic function of both cardiac output and venous
return to the heart.
II1. CVP does not correlate with pulmonary venous pressure
in left-sided congestive heart failure.

Indications

I. Assessment of intravenous (IV) fluid therapy
II. Monitoring circulation hemodynamics during shock
III. As a diagnostic aid in cases of heart failure and pericardial
effusion with tamponade

Restraint

I. The animal may be placed in either sternal or lateral
recumbency.
II. Sedation is neither indicated nor desirable.

Technique

I. Insert an indwelling IV catheter into the external jugular
vein, bringing the tip of the catheter to rest in the cranial
vena cava.

A. The length of catheter to use can be estimated by
measuring the distance from the entrance site in the
neck to a point near the 4th rib.

B. Positioning can be confirmed via a lateral radiograph
if an IV catheter with a radiopaque marker is used.

II. Connect the catheter to the male end of a three-way
stopcock via extension tubing.
III. Attach a manometer calibrated in centimeters to the

stopcock, perpendicular to the catheter line (Box 3-1).

IV. Attach an IV infusion solution to the third portal of the
stopcock.
V. Fill the tubing and manometer with heparinized saline
or IV solution, ensuring no air bubbles are present.
VI. Hold the manometer so the zero mark is level with the
right atrium.

A. Sternal recumbency: 4th intercostal space, 2 to 3 inches
above the sternum

B. Lateral recumbency: parallel to the sternum near the
4th sternebra

VIIL. Turn the stopcock so that the infusion set is off and the
manometer connection to the catheter is open.
VIII. Allow liquid in the manometer to equilibrate.

IX. Note the pressure at the point where the meniscus stops
descending.

X. If the meniscus falls below zero, refill the manometer
and lower it so that the zero point is now at the 5-cm
mark, with values between 0 and 5 cm denoting negative
measurements.

XI. In cats, caudal vena cava CVP measurements can be used
as an alternative (Machon et al., 1995).

Sources of Error

I. Incorrect positioning of the manometer
II. Rapid or labored breathing
II. Kinking of catheter or extension tubing
IV. Clots within the catheter
V. Malfunctioning of stopcock
VI. Pleural effusion: falsely elevates CVP in absence of right-
sided congestive heart failure (Gookin and Atkins, 1999)

Interpretation

I. CVP is an insensitive test, but the sensitivity can be in-
creased by using minimal lengths of connective tubing
and removing all extraneous catheter adapters.

II. The trends that develop with sequential CVP recordings
are more significant than isolated or individual measure-
ments.

II1. Values above 10 cm H,O reflect hypervolemia/venous
congestion.

IV. CVP measurement can be used to judge the endpoint of
diuresis (unacceptably low values) or a large fluid infusion
(high values).

V. See Appendix I for normal CVP values.

»Y PERICARDIOCENTESIS

Definition

Pericardiocentesis is the transthoracic insertion of a needle or
cannula into the pericardial space for the collection of fluid for
diagnostic or therapeutic purposes.

Indications

I. Collection of pericardial fluid for gross, cytologic, and
bacterial analysis

23
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Box 3-1

Diagnostic and Therapeutic Instruments

Manometer

Pharmaseal Manometer Tray (Baxter Healthcare Corp., Pharmaseal
Division, Glendale, Calif.)

Blood Pressure Monitors

Dinamap monitor Model 8100 (Critikon, Inc., Tampa, Fla.)

Parks (ultrasonic Doppler) flow detector model 811-B (Parks
Medical Electronics, Inc., Aloha, Ore.)

Cardell monitors, various models (CAS Medical Systems, Branford,
Conn.)

Trax (manufactured by Colin for DRE, Louisville, Ky.)

Memoprint (S+B medVET, Babenhausen, Germany)

Colin 8800c (Colin Medical Instruments, San Antonio, Tex.)

Indwelling Chest Tube

Argyle trocar catheter with Sentinel Eye (Argyle Division of
Sherwood Medical, St. Louis, Mo.)

One-way Air Valve

Heimlich Chest Drain Valve (Bard-Parker/Becton, Dickinson Acute
Care, Franklin Lakes, N.J.)

Continuous Evacuation Pump

Pleur-Evac (Deknatel, Division of Pfizer, Queens Village, N.Y.)
Closed chest suction (Argyle Division of Sherwood Medical
Products, St. Louis, Mo.)

Nasal Oxygen Tubes and Nasal Feeding Tubes

Kaofeed Il polyurethane feeding tube (Jorensen Laboratories,
Loveland, Colo.)

Sterile single-use feeding tube and urethral catheter (Jorensen
Laboratories, Loveland, Colo.)

Argyle nasogastric feeding tube (Argyle Division of Sherwood
Medical, St. Louis, Mo.)

II. Removal of pericardial fluid that is restricting diastolic
filling of the ventricles during cardiac tamponade
III. Performing radiographic contrast studies, with administra-
tion of intrapericardial positive or negative contrast media
to enhance radiographic visualization of intrapericardial
structures

Restraint

I. Restrain the animal in lateral or sternal recumbency, or in a
standing position.
II. Many dogs undergo this procedure with local anesthesia
only.
1. If needed, mild chemical sedation (opioids, benzodiazepines)
may be used, but must be used cautiously in animals with
cardiovascular compromise (see Chapter 1).

Technique

I. A rectangular area of the right lateral thoracic skin is
clipped and prepared aseptically from the sternum to the
midthorax and from the 2nd to the 8th rib.

Nasal Oxygen Humidification

Hudson Humidifier (USA Hudson Respiratory Care, Research
Triangle Park, N.C.)

Tracheostomy Tube
Portex (Portex, Wilmington, Mass.)

Transtracheal Fluid Trap

Lukens specimen container (Sherwood Medical Company/Tyco
Kendall Healthcare, Deland, Fla.)

Percutaneous Gastrostomy Tubes

Medicut intravenous cannula (Sherwood Medical Industries, Inc.,
St. Louis, Mo.)

Bard urologic catheter (Bard Urologic Division of C.R. Bard,
Covington, Ga.)

Silicone percutaneous endoscopic gastrostomy kit (Ballard
Medical of Kimberly Clark, Roswell, Ga.)

EndoVine low-profile percutaneous endoscopic gastrostomy kit
(Boston Scientific, Natick, Mass.)

Gastrostomy Tube Placement Device

Eld Gastrostomy Tube Applicator (Jorgensen Laboratories,
Loveland, Colo.)

Bone Marrow Biopsy Needles

Osgood needle (Becton, Dickinson and Co., San Jose, Calif.)

Rosenthal needle (Becton, Dickinson and Co., San Jose, Calif.)

Jamshidi needle (Baxter Healthcare, Pharmaseal Division,
Glendale, Calif.)

Bone Biopsy Instrument
Michel trephine (Jorgensen Laboratories, Loveland, Colo.)

II. Thoracic ultrasonography can be used for needle place-
ment.

III. Electrocardiography (ECG) is performed throughout the
procedure.

IV. If ultrasound is unavailable, the site for needle insertion is
selected based on review of the dorsoventral and lateral
thoracic radiographs to assess the location of the pericardial
silhouette.

A. Usually the 4th, 5th, or 6th intercostal space is best.

B. The right side is preferable for minimizing trauma to
the lungs (because of the cardiac notch) and the major
coronary arteries (located mostly on the left).

C. A point one fourth of the distance from the sternebrae
to the costochondral junction at the strongest palpable
cardiac impulse (usually between the 4th and 6th ribs)
is selected.

1. The ventral location reduces the risk of coronary
artery laceration by the needle.

2. Also avoid the internal thoracic artery, which lies
just dorsal to the sternebrae.
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D. The skin and subcutaneous and intercostal tissues
may be infiltrated with a local anesthetic before needle
insertion. Note that the intercostal vessels and nerves
course along the caudal edge of the ribs.

E. A variety of equipment can be used.

1. Over-the-needle catheters (12 to 20 gauge) are used
based on the size of the animal.

2. A 19-gauge through-the-needle catheter is also
appropriate.

3. The needle is passed through the skin, subcutis, and
intercostal muscles until it is in the pericardial space.

4. The catheter is advanced, and the needle is with-
drawn from the chest wall.

5. The stylet is removed, and a three-way stopcock
and sterile syringe (12 or 20 mL) are attached.

6. If the beating heart can be felt against the tip of
the catheter, withdraw it for a short distance and
monitor the ECG for arrhythmias.

E Fluid is aspirated.

1. If no fluid is obtained, the catheter is slowly with-
drawn while applying intermittent suction.

2. As the volume of fluid decreases in the pericardial
sac, the catheter may need to be repositioned.

3. After completion of fluid collection, the catheter is
withdrawn.

G. The fluid is transferred to ethylenediamene tetraacetic
acid (EDTA) tubes for cytologic study and to transport
medium for bacteriologic analysis.

Complications

I. Cardiac arrhythmias may be induced by the needle con-
tacting or penetrating the myocardium.

II. Laceration of a coronary artery can lead to hemorrhage
and tamponade.

A. Collection of bloody fluid that clots soon after collection
may indicate coronary artery laceration.

B. Insertion of the needle in a ventral location (near
cardiac apex) or under guidance with fluoroscopy
or ultrasonography reduces the likelihood of this
complication.

2" THORACENTESIS

Definition
Thoracentesis is the surgical puncturing of the chest wall for
drainage of fluid or air from the pleural cavity.

Indications

I. Alleviation of pneumothorax
II. Obtaining fluid samples for analysis
I11. Removal of fluid to relieve dyspnea

Restraint

I. Sternal recumbency is preferred so that gravity causes
intrathoracic fluid to be positioned ventrally in the chest
and air to be trapped dorsally.

II. Compromised animals are restrained manually.
I11. Fractious or anxious animals may be mildly tranquilized.
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Technique

I. Shave the hair and aseptically prepare the skin at the site of
puncture.

A. To remove air, aspirate dorsally at the 7th to 9th inter-
costal spaces.

B. To retrieve fluid, aspirate ventrally at the 7th or 8th
intercostal space, avoiding the apex beat of the heart.

C. Avoid inserting the needle close to the caudal edge of
the ribs because the intercostal vessels and nerves lie in
this area.

D. Also avoid inserting the needle in the area just dorsal
to the sternebrae, or the internal thoracic artery may be
punctured.

I1. Aspirate either air or fluid using appropriate equipment.

A. Air and most fluids can be retrieved using a 21-gauge
butterfly catheter, a three-way stopcock, and a 20- to
60-mL syringe.

B. In large dogs and in cases with viscous fluids, 14- to
16-gauge IV over-the-needle catheters are used, with
extension tubing, a three-way stopcock, and syringe
attached after the stylet is removed.

I11. Pass the needle through the skin, intercostal muscles, and
parietal pleura into the pleural cavity.
IV. If an IV catheter is used, thread the catheter into the chest
for several inches and withdraw the needle.
V. Apply negative pressure to the syringe with the three-way
stopcock in the open position.

Complications

I. Accidental puncture of the internal thoracic artery, inter-
costal or coronary vessels, and myocardium

II. Accidental pneumothorax if the three-way stopcock is left
open, connections in the aspiration line become loose,
or if the visceral pleura is lacerated

®¥ CHEST TUBE PLACEMENT

Definition
Chest tube placement refers to insertion of an indwelling chest
tube for treatment of pleural cavity disease.

Indications

I. Providing access to the pleural space for repeated, inter-
mittent aspiration of free pleural fluid or air
II. Providing continuous evacuation of air in cases of severe
and/or tension pneumothorax
III. Providing a means for installation and subsequent drainage
of intrathoracic antibiotics, lavage solutions, and chemo-
therapeutic agents

Restraint

I. For insertion of the chest tube, the animal is placed in
lateral recumbency.
II. Manual restraint is preferred but sedation may be con-
sidered.
II1. Once the chest tube is inserted and positioned, actual
aspiration of the chest may be attempted in any position
that facilitates removal of the fluid or air.
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Technique

I. The hair is shaved and the skin is aseptically prepared.

II. If time allows, the skin and musculature are infiltrated
with a local anesthetic, one to two ribs caudal to the
insertion site.

II1. The sites chosen for insertion are similar to those for
thoracentesis.

A. Air: dorsal 7th or 8th intercostal spaces
B. Fluid: ventral 6th to 8th intercostal spaces
C. One or more tubes inserted unilaterally or bilaterally

IV. A stab incision with a scalpel blade is made through the
skin over the infiltrated site.

V. The chest tube with trocar is inserted through the incision
and advanced cranially under the skin to the desired site.

VI. With a quick, forceful movement, the tube is pushed
through the intercostal muscles and into the thorax
(Figure 3-1).

VII. As the trocar is removed, the tube is cross-clamped, and
the free end is attached to a three-way stopcock, one-way
valve, or continuous evacuation pump (see Box 3-1).

VIIIL. The clamp is released, the patency of the tube ensured,
and a purse-string suture placed in the skin where the
tube exits.

A. The tube is marked at the level where it enters the
skin, so that migration of the tube can be detected.

B. A non-water-soluble ointment is applied at the exit
site.

IX. The tube is fixed to the chest by placing stay sutures
through a tape butterfly surrounding the free end of the
tube, and a light chest wrap is applied to protect the tube
from dislodgment.

X. Postprocedural thoracic radiographs are recommended
to verify correct placement of the chest tube.

FIGURE 3-1 Technique for inserting an indwelling chest tube. From
Morgan RV: Manual of Small Animal Emergencies. Churchill Livingstone,
New York, 1985; with permission.

Complications

1. Inadvertent laceration of intercostal, internal thoracic, or
cardiac vessels (see Thoracentesis for vessel location) is a
potential complication.

II. Accidental pneumothorax can occur during removal of the
trocar.
I11. Inthedays after insertion of the chest tube, close monitoring
is necessary to ensure the following:
A. The chest tube remains patent, and all moving parts
remain free of viscous discharges.
B. The position of the tube is correct within the chest,
and it does not back out.
C. All connections are tight, with no leakage of air into the
chest.
D. All portals are protected from bacterial contamination.

BY NASAL OXYGEN ADMINISTRATION

Definition

Nasal cannulation allows the administration of oxygen from a
tube placed through the nares into the ventral nasal meatus to
increase arterial blood oxygen concentration.

Indications

I. Any cause of hypoxia

A. Cardiopulmonary disease
B. Hematologic abnormalities
C. Metabolic disease
D. Shock

II. Useful in animals too mobile for an oxygen mask or too
large for an oxygen cage

I11. May be more effective than some oxygen cages

Restraint and Technique

I. Topical anesthesia is usually all that is required.

A. With the head extended, 0.1 to 0.5 mL of 2% lidocaine
is dripped into the nares.

B. Lidocaine gel is also applied to the junction of the
skin and the nares laterally, allowing several minutes
for the region to become anesthetized.

II. A fenestrated polyurethane or soft rubber catheter of ap-
propriate size (usually a 4, 6, or 8 French) is selected.
I11. Infant feeding tubes also work well.
IV. The tube is measured from the nares to approximately
the level of the fourth premolar tooth and marked.
V. The tube is then passed through the nares into the ventral
nasal meatus until the predetermined mark is reached.
VI. It is sutured to the skin lateral to the nares using 3-0 or

2-0 nylon.

A. It is important to place this first suture as close to
the nasal mucosa as possible to ensure good tube
stability.

B. Once the first knot is placed, the suture material is
passed several times around the tube in a “bootlace”
pattern.

VII. A second suture is placed on the midline of the forehead,
fixing the skin to an adhesive tape butterfly placed around
the tube.
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VIII. Humidified oxygen is delivered to the animal.
A. Commercially available humidifiers may be used (see

Box 3-1).

B. A homemade humidifier can be made (Fitzpatrick

and Crowe, 1985).

1. AnlV extension tube is attached to the nasal oxygen
tube (see Box 3-1) and run into the administration
port of a half-full bottle of warm saline.

2. The tube carrying the oxygen source is attached
to the vent hole of the bottle, and the oxygen is
bubbled through the water.

C. The oxygen flow rate is set at 50 to 150 mL/min/kg
body weight initially and then adjusted as needed.
IX. Mostly commonly, a unilateral tube is placed; bilateral
tubes increase the risk of oxygen toxicity with prolonged
administration (Dunphy et al., 2000).

Complications

I. If the oxygen flow rate is too high, nasal mucosal erosions
(“jet lesions”) and nasal irritation may occur.

II. Gastric dilatation can occur if the tube is placed too far
caudally toward the pharynx or if the oxygen flow rate is
too high.

III. Unhumidified oxygen causes dryness of the respiratory
passages.

IV. Traumatic tube placement may result in mild epistaxis.

®¥ TRACHEOSTOMY TUBE INSERTION

Definition
A tracheostomy is the surgical creation of an opening into the
trachea for insertion of a tracheostomy tube.

Indications

I. Providing a means for delivering air or oxygen past an
upper airway obstruction
II. Allowing a means to evacuate secretions from the airway
III. Facilitating passage of air or oxygen to the lungs under
positive pressure

Restraint

I. General anesthesia is preferred.
II. In an emergency, physical restraint with or without local
anesthesia may be all that is required.

Technique

I. Shave the hair and aseptically prepare the skin from the
angular process of the jaw to the thoracic inlet, with the
animal in dorsal recumbency.

II. Make a longitudinal incision over the trachea immediately
caudal to the larynx or caudal to the obstruction.

III. Separate the two sternohyoid muscles with blunt dissection
(Figure 3-2, A).

IV. Incise the trachea between the cartilaginous rings. For
high obstructions, make the incision between rings 2 and
3or3and4.

V. Enlarge the incision with a scalpel blade, being careful not
to lacerate the endotracheal tube (Figure 3-2, B).

Selected Diagnostic and Therapeutic Procedures 27

VI. A loop of 2-0 silk suture is placed around the ventral
aspect of the tracheal ring cranial and caudal to the
tracheostoma to facilitate intubation and reintubation.

VII. Withdraw the endotracheal tube and insert a tracheostomy
tube (Figure 3-2, C, and see Box 3-1).
VIIL. If the tracheostomy tube is supplied with an obturator,
remove it.

IX. Tie the tracheostomy tube in place with umbilical tape or
suture the tube to the skin of the neck.

X. Sterile endotracheal tubes may be used in giant-breed or
thick-necked dogs in which ordinary tubes cannot be
adequately secured.

Complications

I. Patency of the airway may be compromised during the
tracheostomy procedure by blood and secretions, so
suction the airway immediately after inserting the tube.

II. The normal warming and humidification of air by the
nasal passages is bypassed with a tracheostomy tube.
A. Thick, dry mucus may accumulate as a result and
diminish the tube’s patency.
B. Measures can be taken to prevent accumulation of

mucus.
1. Suction the tube every 2 to 4 hours using aseptic
technique.
2. Liquetfy secretions.
a. Nebulize with saline every 4 to 8 hours.
b. Instill 1 mL saline into the tracheal tube every
2 to 8 hours.

FIGURE 3-2 Technique for insertion of a tracheostomy tube. From
Morgan RV: Manual of Small Animal Emergencies. Churchill Livingstone,
New York, 1985; with permission.
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3. Maintain normal body hydration with SC or IV
fluids.

II1. Overzealous aspiration may cause rupture of the airway
and secondary pneumothorax or mediastinum.

IV. Forceful insertion of an overly large tracheostomy tube
may result in pressure necrosis of the tracheal mucosa
and possible damage to the dorsal tracheal membrane and
cartilaginous rings.

V. When the tracheostomy tube is removed, the site is left
open to heal by second intention.

A.
B.

The open site is cleaned several times daily.
Surgical closure of the tracheostomy site may result in
subcutaneous emphysema or pneumomediastinum.

®¥ TRANSTRACHEAL/ENDOTRACHEAL
ASPIRATION

Definition
I. Transtracheal aspiration (TTA) is the placement of a cannula
from the rostral trachea into the lower respiratory tract for
the collection of uncontaminated bronchial secretions.

II. Endotracheal aspiration is the passage of sterile tubing
through a sterile endotracheal tube into the lower respira-
tory tract for the collection of uncontaminated bronchial
secretions.

Indications

I. To determine the cause of inflammatory conditions of the
respiratory tract

mmgow>

Bacterial infections

Viral infections

Fungal infections

Allergic disease

Parasitic infestation

Neoplastic disease: high number of false negative
results

II. As a prognostic aid after smoke inhalation or exposure to
fire and toxic fumes

Restraint

I. Dogs

A.

Mild sedation (butorphanol 0.2 to 0.4 mg/kg IV and
diazepam 0.2 mg/kg IV) may be indicated, depending
on the temperament and physical status of the animal.
Hold the conscious dog in sternal recumbency, with
the neck outstretched and the head pointing towards
the ceiling.

II. Cats

A.

B.

C.

IV induction of general anesthesia with an ultra—short-
acting thiobarbiturate or propofol

Heavy sedation with ketamine 2 to 4 mg/kg IV and
diazepam 0.1 to 0.2 mg/kg IV

Sternal or lateral recuambency

Technique

I. Dogs

A.

Aseptically clip and prepare the ventral cervical skin.

0O ™

—

—

Palpate the site for catheter insertion, and either the
cricothyroid membrane or the space between any of
the first three tracheal rings may be used.

Infuse the skin and subcutaneous tissues with a local
anesthetic.

Advance a 16- to 19-gauge IV through-the-needle
catheter through the skin and subcutis and into the
tracheal lumen at the selected site (Figure 3-3).

Once the needle is within the tracheal lumen, direct
the needle distally toward the carina, and the catheter
is advanced. A transient cough reflex usually occurs
during this step.

Retract the needle from the site.

Attach a sterile syringe containing a multiple-electrolyte
solution (1 mL/5 Ib body weight).

. Aspiration on the syringe yields air if the catheter is

placed correctly.

If central suction is available, inject the entire cal-

culated dose of fluid.

1. Disconnect the syringe from the catheter, and
attach a Lukens specimen container (14 French with
20-mL trap and male adapter plug) to the catheter
(see Box 3-1).

2. Apply central suction to the trap, and collect fluid.

3. When a sufficient specimen has been collected, turn
off suction and withdraw the catheter.

If central suction is not available, the fluid is injected

at 2-mL increments with intermittent aspiration until

fluid, not air, is retrieved.

® i

FIGURE 3-3 Transtracheal aspiration is accomplished by inserting an
intravenous catheter through the cricothyroid membrane of the larynx
into the trachea. The catheter is then advanced into the lower airway.
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1. The volume of fluid necessary may vary from 2 to
25 mL.

2. The actual specimen collected is usually 0.5 to 2 mL.

II. Cats
A. The technique is basically the same as for the dog

except that it is performed under sedation through a

sterile endotracheal tube.

1. Carefully place a sterile endotracheal tube in the
trachea by intubation.

2. Advance the catheter through the endotracheal tube;
administer and collect fluid in the same manner as
described for the dog.

B. An alternative method is to perform the technique
outlined for the dog.
III. Specimen handling
A. Place a portion of the fluid in transport medium for
microbiologic analysis.
B. Spin the remaining fluid in a centrifuge, and examine
the cellular fraction microscopically.

Complications

I. Most complications are mild and transient.
A. Coughing
B. Subcutaneous or mediastinal emphysema
C. Hemoptysis
D. Subcutaneous hematoma

II. Inadvertent collection of pharyngeal (squamous epithe-
lium present in sample) or upper tracheal secretions may
yield inappropriate results.

III. The use of collection fluids containing bacteriostatic agents
may cause false-negative culture results.

IV. Although neoplastic cells from bronchial or pulmonary
tumors may be identified microscopically in TTA speci-
mens, there is a high incidence of false-negative results with
pulmonary tumors.

»¥ CEREBROSPINAL FLUID
COLLECTION

Definition
A cerebrospinal fluid (CSF) tap is used to collect CSF by
percutaneous needle aspiration of the subarachnoid space.

Indications

I. Retrieval of CSF for analysis when organic dysfunction of
the central nervous system (CNS) is suggested
A. Recent history of neurologic symptoms
B. Neurologic deficits present on examination
II. Insertion of contrast medium into the subarachnoid space
to localize spinal cord lesions (see Chapter 4)

Restraint

I. General anesthesia is always indicated for CSF taps in dogs
and cats.
II. Proper positioning is critical to accomplish accurate needle
placement.
A. Cisternal tap
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1. Place the animal in lateral recumbency, with the
head flexed ventrally to open the atlanto-occipital
interspace.

2. Pull the ears forward to tense the skin.

3. Elevate the nose slightly so that it is parallel to the
surface of the table.

4. A towel or sandbag may be positioned under the head
to maintain the entire spine a consistent distance
from the table surface.

B. Lumbar tap

1. Placetheanimal in sternal recumbency, with an assis-
tant pulling the hind legs in a cranial and dorsal
direction to open the interarcual space between the
caudal lumbar vertebrae.

2. The entire spine must be kept straight.

Technique

I. Cisternal tap
A. Clip the hair and aseptically prepare the skin on the
dorsal cervical region from 2 cm rostral to the occipital
protuberance to the level of the 3rd cervical vertebra.
B. With one hand, the operator digitally palpates the
external occipital protuberance and the rostral wings
of the atlas.
1. The index finger can be used to palpate a depression
between these three structures.
2. This depression marks the site for needle placement
(Figure 3-4).
C. A spinal needle with stylet is slowly inserted through
the skin, subcutaneous tissues, and muscles.
1. Large dogs: 20-gauge, 1- to 3-inch needle
2. Small dogs and cats: 22-gauge, 1- to 2-inch needle

FIGURE 3-4 Cisternal puncture for spinal fluid collection and/or
insertion of contrast medium for myelographic study.
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D. The combined dura mater and arachnoid membranes
are penetrated.

1. Withdraw the stylet with each incremental advance-
ment of the needle through the membranes to check
for the presence of fluid.

2. Always replace the stylet before advancing the
needle.

E. When fluid is observed, attach a spinal manometer
with three-way stopcock if measurement of CSF pres-
sure is desired.

E Allow the CSF to drip directly from the needle into a
collection tube.

1. It is important not to move the needle during pres-
sure measurement and fluid collection.

2. The quantity of fluid recovered varies.

a. Large dogs: 1.0 to 3.5 mL
b. Small dogs, cats: 0.5 to 1.5 mL

3. Jugular vein compression may increase the flow of
CSE.

G. If indicated, contrast material may be administered for
myelography (see Chapter 4).

H. The needle is carefully and smoothly withdrawn.

Place fluid in a sterile tube for microscopic, chemical,

and microbiologic analysis.

II. Lumbar tap
A. Clip the hair and aseptically prepare the skin over the

dorsal lumbar spine.

B. Palpate the dorsal spinous processes of the lumbar (L)
vertebrae.

C. Optimal sites for the collection of CSF are at the L4-5
or L5-6 interspace (Figure 3-5).

D. Insert a 20- or 22-gauge, 3.5-inch spinal needle imme-
diately cranial to the dorsal spinous process of the ver-
tebra at the caudal aspect of the planned puncture site.
1. Advance the needle toward the spinal canal until it

contacts a dorsal laminar surface.
2. The needle must be maintained parallel to the dorsal
spinous processes.

—

FIGURE 3-5 A lumbar spinal tap is demonstrated at the interarcual
space between lumbar vertebrae 5 and 6.

3. The needle is “walked” cranially or caudally along
the laminar surface until it drops into the interarcual
space.

4. A twitch in the rear legs or tail may indicate proper
needle placement (see Figure 3-5).

E. Withdraw the stylet, attach a syringe to the needle, and
apply gentle aspiration until fluid is recovered.

1. The depth of needle insertion may be adjusted slightly
during aspiration.

2. The subarachnoid space is small in the region of the
lumbar cord, and only a small quantity of fluid may
be recovered (0.5 to 2.5 mL).

E At this point, contrast medium can be injected if

myelographic study is indicated (see Chapter 4).

G. Remove the needle and place fluid into a sterile tube
for microscopic, chemical, and microbiologic analysis.

Complications

I. Direct needle trauma to the parenchyma of the brain or
spinal cord can occur if careful, controlled advancement
of the needle is not performed.

II. Tatrogenic hemorrhage may make interpretation of labora-
tory results difficult; if contamination with blood occurs,
consider the following correction factors:

A. One white blood cell (WBC) is expected for every 500
red blood cells (RBCs).

B. One thousand RBCs will increase CSF protein by ap-
proximately 1 mg/dL.

BY NASAL FEEDING TUBE PLACEMENT

Definition
I. A nasal feeding tube is a tube placed from the external nares
into the stomach (nasogastric) or distal esophagus (naso-
esophageal) for administration of fluids and nutrients or to
allow decompression of a dilated or distended stomach.

II. For feeding purposes, if the esophagus is functional, a
nasoesophageal tube is inserted; if the esophagus is non-
functional (e.g., megaesophagus or esophageal stricture), a
nasogastric tube is inserted.

Indications

I. Provide short-term (<10 days) nutritional support to animals
unwilling or unable to eat for various reasons
A. Facial, maxillary, and mandibular fractures
B. Oral and esophageal disease
C. Prolonged anorexia from a systemic disorder
II. For temporary decompression of the stomach before or
after corrective surgery for gastric dilatation volvulus
III. For evacuation of gastric fluid in cases of ileus

Restraint

I. Usually, local anesthesia is all that is required.
II. Occasionally, mild sedation is useful.
A. Dog: butorphanol 0.2 to 0.4 mg/kg IV
B. Cat: diazepam 0.1 to 0.5 mg/kg IV, with or without
ketamine 2.0 mg/kg IV
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Technique

I. Based on the animal’s size, a 3.5 to 8 French polyurethane

or polyvinyl chloride tube is selected (see Box 3-1).

II. The distance from the tip of the nares to the last rib (for
nasogastric tube) or to the 7th rib (for nasoesophageal
tube) is measured and the tube is marked accordingly.

II1. Instill 2% lidocaine into the nostril (several drops for cats;

0.5 to 1 mL for dogs), and keep the head slightly elevated

for 1 to 2 minutes as the lidocaine takes effect.

IV. The tube, nares, and skin where the sutures are to be
applied are lubricated with 2% lidocaine jelly (Figure 3-6).

V. The tube is then advanced through the nostril and into
the ventral nasal meatus.

A. In dogs the tube is inserted dorsomedially for the
first centimeter to avoid the alar fold and nasal vesti-
bule, and then advanced ventrally. Alternatively, the
external naris is pushed dorsally as the tube is ad-
vanced in a caudal-ventral-medial direction (Abood
and Buffington, 1991).

B. In cats the tube may initially be directed ventro-
medially, because there is no well-developed alar fold.

VI. As the tube enters the pharynx, the animal is encouraged
to swallow, allowing for easy passage into the esophagus.
VII. Advance the tube until the premarked spot reaches the
tip of the nares.
VIII. Inject a small quantity of air and then saline into the tube
to check for correct placement.

A. Abdominal auscultation indicates air bubbling in the
stomach.

B. The injection should be well tolerated by the animal
without struggling or coughing.

C. A lateral caudal thoracic radiograph is taken if there
is any uncertainty as to the final location of the tube.

IX. Secure the tube in place using 3-0 nonabsorbable sutures.

A. Place the first suture in the skin as close to the lateral
margin of the external nares as possible to ensure tube
stability.

o
§\\ T

FIGURE 3-6 Correct placement of a nasal feeding tube.
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B. Once the first ligature is made, pass the suture around
the tube several times in a bootlace pattern and then
tie the suture in place.

C. Pass the second suture through an adhesive butterfly
tape around the tube and into the skin along the dorsal
midline of the head.

X. Attach an IV extension tube to the exposed end of the
nasal tube to allow for appropriate connections and free
movement of the animal.

XI. An Elizabethan collar is usually required to prevent tube
removal by the animal.

XII. The tube may be left open to allow constant decompres-
sion of gas, or it may be capped with an IV catheter cap
and opened intermittently for infusion of nutrients and
intermittent evacuations.

XIII. A variety of canine and feline liquid diets are available for
use with this type of feeding tube (Table 3-1) (Wortinger,
2006).

XIV. Flush the tube periodically to maintain lumen patency.

Complications

I. Mild discomfort and rhinitis can occur, although animal
compliance is usually good.

II. Nasogastric tubes may predispose to gastroesophageal re-
flux or produce gastric irritation and vomition, which can
be decreased by placing the tube in the distal esophagus.

III. Vomiting or regurgitation from other causes can alter
tube location, which can be verified with radiography
and/or capnography (Johnson et al., 2000).

IV. If the liquid diet is too thick, the tube may become
plugged.

A. Flushing the tube before and after feedings helps keep
it from clogging.

B. Use of a syringe pump also decreases clogging of the
tube.

V. Feeding of cold liquids or too rapid administration may
result in vomiting.

VI. Feeding of hot foods may cause damage to the esophageal
or gastric mucosa.

VIL. If hyperosmolar solutions are used, diarrhea may occur,
which can be minimized by diluting the formulation to an
osmolarity between 200 and 300 mOsm/kg.

2 ESOPHAGOSTOMY TUBE

PLACEMENT

Definition
I. An esophagostomy tube is placed directly through the
skin into the lumen of the rostral esophagus.
II. Vomiting may make it difficult to maintain the tube, but
such tubes can be kept in place for weeks to months.

Indications

I. Itisindicated in animals that have a functional esophagus,
stomach, and intestines.
II. It is designed to provide nutritional support to animals
unwilling or unable to eat for various reasons.
A. Facial or head trauma
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P

Liquid Diets for Use in Tube Feeding

BRAND MANUFACTURER INDICATIONS

CliniCare, Renal Care Abbott CliniCare Various formulations available; designed to meet protein caloric
requirements of dogs and cats but require functional GI integrity

Concentration Instant Diet Waltham/Pedigree Designed to meet protein caloric requirements of dogs and cats but

Waltham/Whiskas require functional GI integrity

Nutritional Recovery Tams/Eukanuba Specifically formulated for critically ill dogs and cats

Formula V Enteral Care Pet Ag, Inc. Various formulas of supplemental products available; not designed as a
complete diet

Osmolite HN Ross Nutritional High in both protein content and quality but difficult to balance both
protein and caloric requirements

Peptamen Nestlé Clinical Nutrition Complete elemental diet for use in animals with impaired GI

function

GI, Gastrointestinal.

B. Oral or esophageal disease or after surgery
C. Anorexia secondary to systemic disease

III. Because esophagostomy tubes are larger than nasoesopha-
geal tubes, different types of gruel may usually be delivered
through the tube.

Restraint

I. General anesthesia is usually required.
II. The animal is placed in right lateral recumbency.
II. A mouth gag is used to facilitate placement.

Technique

1. Use a soft latex or rubber catheter (12 to 22 French).

II. Mark the tube so that, when placed, the tip of the catheter
will sit in the distal esophagus (approximately at the level
of the 7th rib).

III. Advance a long, right-angle hemostat through the crico-
pharyngeal sphincter.

IV. Force the tip of the hemostat upward to show the position
of the incision.

V. Make an incision through the skin, and use blunt dissec-
tion to the level of the esophagus.

VI. Open the hemostat slightly, allowing a stab incision to be
made through to its tips.
VII. Advance the tip of the hemostat through the wall of the
esophagus and out through the skin incision.

VIII. Grasp the end of the feeding tube and pull it into the
esophagus and out the mouth until the female end of the
tube is left protruding from the neck.

IX. Redirect the distal end of the catheter down the esophagus.

X. Secure the tube with a bootlace suture and place a light
bandage.

XI. To remove the tube, cut the sutures and pull the tube,
leaving the stoma to heal by second intention.

Complications

I. Proper care when dissecting down to the esophagus will
prevent disruption of vessels or nerves.

II. Vomiting may cause displacement of the tube, which may
be verified with radiography.

III. Feeding of cold liquids or too-rapid administration may
result in vomiting.

IV. Feeding of hot foods may cause damage to the esophageal
mucosa.

V. Other complications include premature removal by the
animal and secondary infection of the skin at the entrance
site.

»¥ PERCUTANEOUS TUBE
GASTROSTOMY

Definition

This procedure involves the placement of a feeding tube directly
through the skin and into the gastric lumen with the use of an
endoscope.

Indications

I. Percutaneous endoscopic gastrostomy (PEG) tubes pro-
vide long-term (>10 days) nutritional support to animals
unwilling or unable to eat for various reasons.

A. Facial and head trauma

B. Oral and esophageal disease or after surgery

C. Anorexia secondary to a systemic disorder (e.g., hepatic
lipidosis in cats)

II. The larger diameter of the gastrotomy tube allows for more
routine feeding (e.g., a mixture of blended canned food
and water).

III. Nutrition is easily administered while the animal is cared
for at home.

Restraint

I. General anesthesia with either injectable or inhalation
anesthetics is required.

II. The animal is placed in right lateral recumbency, and a
mouth gag is used to facilitate the passage of the endoscope.
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Technique

L.

1L

III.

Iv.

VI

VII.

VIIIL.

IX.

XI.

XII.

XIII.

XIV.

XV.

XVI.

Clip the hair and aseptically prepare the skin of the left

paracostal region.

Advance the endoscope through the mouth and esopha-

gus into the gastric lumen; insufflate the stomach with

air until the gastric wall is under tension and in contact

with the abdominal wall.

Select a gastrostomy tube and cannula.

A. Silicone percutaneous endoscopic gastrostomy kit
(see Box 3-1)

B. A 14 to 20 French mushroom-tipped catheter with a
16-gauge Medicut IV cannula and stylet (see Box 3-1)

Make an appropriate site for tube insertion by endoscopic

observation or digital palpation.

. Advance the cannula (with stylet in place) through the

skin, abdominal wall, and gastric wall and into the
gastric lumen.

Remove the stylet and place a No. 1 or 2 nonabsorbable
suture through the catheter into the stomach.

The suture is grasped in the stomach by a snare from the
endoscope; together they are pulled cranially toward the
oral cavity.

The cannula is removed from the abdominal wall and
passed tapered end first over the suture exiting the
mouth.

Cut the funneled end of the gastrostomy tube to fit
inside the catheter, and suture the two together using
3-0 nylon on a straight needle that passes transversely
through the catheter sheath and tube.

. Apply a water-soluble lubricant to the cannula and tube,

and pass both through the oral cavity and esophagus
and into the stomach, using gentle traction from the
transabdominal suture.
Using an endoscope, check for correct positioning
(against the left body wall) of the gastrostomy tube.
Using the transabdominal suture exiting the abdomen,
pull the cannula and gastrostomy tube through the gas-
tric and abdominal walls (by pushing down on the skin
with one hand and placing gentle traction on the suture/
cannula with the other) until the mushroom end of the
tube comes to rest against the stomach wall.

Secure the gastrostomy tube to the skin using traction

sutures, and mark the tube at the skin margin so it can

be monitored for signs of migration.

Place an adapter and three-way stopcock at the end of

the tube to allow for intermittent feedings, and apply a

light abdominal bandage over the tube.

The tube should remain in place for a minimum of 10 to

14 days to decrease the incidence of peritonitis after tube

removal.

To remove the tube, cut the sutures using one of the two

following methods.

A. Apply steady outward traction to the tube until the
mushroom tip collapses and the tube can be pulled
out through the abdominal wall.

B. Pull the tube up against the body wall and then cut it
flush at the skin, allowing the mushroom tip to fall
backinto the stomach and pass out the gastrointestinal

XVII.

XVIII.
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tract (medium to large dogs) or be retrieved endo-
scopically (small dogs and cats).

Analternative method is blind percutaneous gastrostomy

tube placement.

A. Positioning and preparation is the same as for
endoscopic placement.

B. The device (see Box 3-1) is blindly and carefully
advanced into the stomach lumen, until the tip can
be seen pushing on the skin behind the last rib.

C. The plunger on the handle is depressed until the
trocar penetrates the skin.

D. Pass a suture through a hole in the tip of the trocar,
and withdraw the device from the animal.

E. Placement of the tube from this point is identical to
the endoscopic placement.

For prolonged tube feedings (>12 to 16 weeks), the

original PEG tube can be replaced by a low-profile

silicone or Foley-type gastrostomy tube, which is less
likely to be dislodged or removed by the animal.

A. Manually insert the tube through the existing stoma.

B. Sedation or anesthesia may be needed for the in-
sertion.

C. Silicone tubes may be used as long as 1 year, without
requiring replacement.

Complications

L.

1L
III.

Iv.

V.

VI

VII.

VIII.

Bloody or purulent peristomal discharge, peristomal
swelling and inflammation (dermatitis)
Discomfortand chewingat the device

Premature removal of the tube, leakage around the tube,
peritonitis

Migration of the mushroom catheter tip into the pyloric
antrum, causing vomiting

Splenic or intestinal laceration if either organ slips be-
tween the stomach and body wall during cannulation
(higher incidence with the blind placement method)
Pneumoperitoneum

Vomiting from feeding of cold liquids or too rapid
administration

Damage to the gastric mucosa from feeding of hot
foods

»¥ BLOOD PRESSURE MEASUREMENT

Definition

L.

1L

III.

Direct methods of measuring blood pressure involve in-
sertion of a saline-filled catheter into an artery and using
a pressure transducer.

Indirect methods of measuring blood pressure involve
using an inflatable cuff and measuring arterial wall
motion or blood flow after arterial occlusion.

The following discussion is limited to indirect blood
pressure measurement.

Indications

L.
1L
III.

Monitoring of surgical and critically ill animals
Shock assessment
Detection of hypertensive states
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Cardiovascular and renal disease
Endocrine disorders

Neurologic and ocular disease
Hypercalcemia

Anemia and polycythemia
Obesity and aging

mEOOE >

IV. Monitoring of animals on antihypertensive therapy
V. Monitoring of animals on drugs that may be hyper- or

hypotensive

Restraint

L.
1L

III.

Animals must be relaxed and minimally restrained
Measurements are performed in lateral or sternal recum-
bency or on some animals while they are standing.
Chemical restraint is not used, because blood pressure may
be affected.

Technique

L.

1L

Oscillometric

A. Place an inflatable cuff between the elbow and carpus
on the foreleg or just below the hock on the hind leg.

B. The width of the cuff is approximately 40% of limb
circumference.

C. The cuff is automatically inflated and deflated at a
predetermined rate.

D. The machine automatically displays pulse rate and
systolic, diastolic, and mean arterial blood pressure.

E. Five consecutive readings are obtained.

1. The highest and lowest measurements are discarded,
and the remaining three are averaged.

2. Alternatively, three measurements can be used if the
results are fairly consistent.

E This method is most accurate in animals >15 Ib.

Doppler

A. Place an inflatable cuff in one of the following
locations:

1. Mid-foreleg

2. Just distal to the hock
3. Around the tail base
4. Below the stifle (cats)

B. The width of the cuff is approximately 40% of limb
circumference.

C. A patch of hair is clipped distal to the cuff over the
palpable artery on the palmar or plantar surface.

D. The ultrasound transducer with coupling gel is placed
over the clipped skin and positioned so that arterial
flow is audible, and the transducer is taped or held in
place.

E. The cuff is inflated by a sphygmomanometer until
arterial flow ceases and audible flow has disappeared.

E  Cuff pressure is slowly reduced until flow is reestab-
lished and flow sounds can be heard, which indicates
the systolic blood pressure.

G. Continued reduction of cuff pressure results in a change
in sound quality that corresponds to diastolic pressure.

H. Several readings are taken for accuracy.

Diastolic blood pressure measurements may not be

accurate or obtainable in many animals.

—

Complications

I. Stress may cause a falsely elevated blood pressure.
II. Inappropriate cuff size or placement may give erroneous
results.
1. Doppler readings are somewhat subjective in relying on
auditory signals for measurements.
IV. Oscillometric measurements may be difficult to determine
in low-flow states.

Y FINE-NEEDLE ASPIRATION

Definition

Fine-needle aspiration involves the introduction of a small-
gauge needle into a tissue or organ and removal of a small
amount of tissue by suction.

Indications

I. Differentiate causes of organomegaly involving lymph
nodes, spleen, liver, and other organs
II. Differentiate between inflammation, hyperplasia, and
neoplasia
III. Differentiate benign from malignant neoplasia
IV. Differentiate carcinomas, sarcomas, and round (discrete)
cell tumors

Restraint and Technique

I. Manual restraint alone is sufficient in most animals.
II. Attach a small-gauge needle (23 to 25 gauge) to a 12- to
20-mL sterile syringe.

II1. A needle alone (not attached to a syringe) can be used in
some tissues to minimize damage to the cells and
peripheral blood contamination.

A. Lymph nodes
B. Cutaneous masses
C. Subcutaneous masses

IV. If the mass is superficial, sterile preparation is not
mandatory.

V. Aseptic technique is required when aspirating masses or
organs within body cavities.

VI. Advance the needle into the tissue; apply 6 to 8 mL of
suction if using a syringe.

VII. Redirect the needle is redirected two to three times, release
suction , and withdraw the needle.

VIII. Detach the needle, aspirate air into the syringe, reattach
the needle, and express the sample onto a slide, making a
smear.

IX. Several samples may be needed to obtain a diagnostic smear.

Complications

I. Minor hemorrhage
II. Tissue damage

»Y BONE MARROW ASPIRATE/BIOPSY

Definition

Bone marrow samples may be obtained by aspiration through
a bone marrow needle or by punch-type biopsy through a
trephine instrument (core biopsy).
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Indications

I. Aspirate or core biopsy
A. Nonregenerative anemias
B. Suspected bone marrow disease: myeloid or erythroid
suppression, neoplasia
C. Certain clotting disorders, especially involving platelets
II. Core biopsy
A. To study the structural architecture of the bone marrow
B. When aspiration biopsies have been unsuccessful
C. When searching for metastatic or occult neoplasia
D. Certain metabolic disorders of bone

Restraint

I. Most biopsies may be performed using local anesthesia,

with or without mild sedation.

II. The position of restraint is determined by the site to be
biopsied.
A. Wing of ilium (Figure 3-7)

1. Large dog: standing or sternal recumbency

2. Small dog or cat: sternal recuambency with hind legs
drawn up alongside the abdomen

Proximal femur: lateral recumbency (Figure 3-8)

Rib: sternal or lateral recumbency (Figure 3-9)

Proximal humerus: lateral recumbency (Figure 3-10)

Other less commonly used sites: ischial tuberosity,

sternum

moO=

Technique

I. Shave the hair over the biopsy site, which is then prepared
aseptically and infiltrated with local anesthesia down to
periosteum.

II. Make a small stab incision in the skin with a scalpel blade.
III. Aspirate bone marrow.

A. Select a 16- or 18-gauge, 1.5-inch Osgood or Rosenthal
(see Box 3-1) biopsy needle.

B. With the stylet in place, advance the needle through
the soft tissues until it meets resistance at bone.

C. Push the needle through the bone by applying pressure
with a simultaneous rotating motion.

FIGURE 3-7 Insertion of bone marrow needle through the dorsal iliac
spine into the marrow cavity of the wing of the ilium. The medial and
lateral aspects of the spine are localized with the thumb and forefinger
of one hand. With the other hand, the needle is directed ventrally and
slightly laterally into the central portion of the wing of the ilium.
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FIGURE 3-8 To retrieve a sample from the marrow cavity of the
proximal femur, a bone marrow needle is advanced through the
trochanteric fossa caudal and medial to the greater trochanter and
directed laterally in a line parallel to the shaft of the femur.

i)
o, 7

FIGURE 3-9 Bone marrow aspiration from a rib. Usually the 7th,
8th, or 9th rib is chosen. The biopsy needle is inserted at a slightly
ventral angle at a point midway from the neck of the rib to the costal
cartilage.
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FIGURE 3-10 Bone marrow from the humerus is obtained by pal-
pating the bony prominence of the greater tubercle lateral to the biceps
tendon. The needle is inserted at a spot perpendicular to the long axis
of the bone.

D. Decreased resistance indicates that the needle has
passed through the cortex into the marrow cavity.

E. After advancing the needle into the marrow, remove
the stylet, attach a 12-mL syringe, and exert negative
pressure on the syringe.

1. Evidence of pain with aspiration usually indicates
that the needle is located within the marrow cavity.

2. When marrow appears in the syringe, aspiration is
halted and the syringe disconnected.

3. Overzealous aspiration may lead to contamination
of the sample with peripheral blood.

4. Smears are quickly made on glass slides, and any clot
is saved in formalin for histologic examination.

5. A sample may also be submitted for culture.

E  If adequate marrow is retrieved, withdraw the needle.

G. The skin incision may be sutured or left to heal by
second intention.

IV. Core biopsy

A. Using a core biopsy instrument (e.g., Jamshidi bone
marrow needle), advance the needle, with the stylet in
place, through the soft tissues and then into bone, with
steady pressure and a back-and-forth rotating motion.

B. Once through the cortex, remove the stylet and push
the trephine instrument into the marrow, advanced for
1 to 2 cm and then rotated around its long axis several
times.

C. Remove the needle, retrieve the core sample using the
extending probe, and place the sample in formalin.

Complications

I. Complications are rare.
II. Damage to adjacent structures may occur.

A. Poor positioning of the needle in the trochanteric fossa
may damage the sciatic nerve.

B. Accidental pneumothorax or laceration of intercostal
vessels may accompany rib biopsies.

III. Infiltration of the trochanteric fossa with local anesthetic
may result in transient paresis of the sciatic nerve.

2" ARTHROCENTESIS

Definition

Arthrocentesis is the percutaneous placement of a needle into a
synovial cavity for the collection of synovial fluid for laboratory
analysis.

Indications

I. As a diagnostic aid in suspected cases of inflammatory

joint disease
A. Septic or infectious arthritis
B. Immune-mediated arthritis
C. Hemarthrosis and traumatic synovial effusion

II. Insertion of contrast medium for radiographic evaluation
(see Chapter 4)

III. Administration of therapeutic agents intrasynovially

Restraint

I. Local anesthesia and mild chemical sedation may be neces-
sary depending on the temperament of the animal.
II. Lateral recumbency is used for centesis of the stifle, hock,
elbow, and shoulder joints.
III. Centesis of the carpal joint may be performed in either
lateral or sternal recumbency.

Technique

L. Clip the hair and aseptically prepare the skin over the
affected joint.
I1. Palpation of the distended joint capsule or the joint space
must be precise before placing the needle.

II. A thorough knowledge of the joint and periarticular anat-
omy is essential for accurate needle placement (Figures
3-11 to 3-13).

IV. Attach a 22-gauge needle to a 3- or 6-mL syringe and
advance it slowly through the skin, subcutaneous, peri-
articular, and synovial tissues to enter the synovial cavity.

V. Aspiration of the syringe results in collection of synovial
fluid.

VI. Release suction is released and withdraw the needle when
sufficient fluid (0.1 to 0.5 mL) has been collected.

VII. Place the fluid in EDTA tubes for cytologic study and in
transport medium or thioglycolate broth for microbiologic
analysis.

A. Thin smears also are prepared and air-dried.
B. Observe the viscosity of the fluid while preparing
slides.
VIIL. In suggested cases of polyarthritis, multiple joints are
aspirated.

Complications

I. Inadequate preparation of the skin may result in bacterial
inoculation of the joint or contamination of the specimen.
II. Intrasynovial trauma from the needle or repeated centesis
may result in hemarthrosis or abrasion of the articular

cartilage if technique is suboptimal.
III. Direct needle-induced damage to the periarticular blood
vessels or nerves may occur if anatomical considerations

are overlooked.
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FIGURE 3-11 With the stifle joint partially flexed, the distal edge of
the patella and proximal edge of the tibial tuberosity are palpated. The
joint is entered at a spot approximately one third of the way between
these two structures. Insert the needle into the joint just lateral to the
straight patellar ligament and direct it slightly medially into the area
between the two femoral condyles.

FIGURE 3-12 With the hock partially flexed, the tibiotarsal joint is
entered laterally by inserting the needle under the malleolus from the
plantar side. Care is taken to avoid the caudal branch of the lateral
saphenous vein.

FIGURE 3-13 With the carpus partially flexed, the carpal joint is
aspirated by inserting a needle into the medial radiocarpal space or
between any of the palpable intercarpal spaces.

IV. Contamination of the sample with iatrogenic hemorrhage
may necessitate centesis of another joint or repeated centesis
of the same joint 48 hours later.

" BONE BIOPSY

Definition

A trephine bone biopsy is the collection of a full-thickness
specimen of bone for histopathologic and microbiologic
analysis.

Indications

I. Obtaining a specimen for histological examination after
radiographic evidence of a lesion involving bone, in certain
suspected cases
A. Primary or secondary neoplasia
B. Bacterial, mycotic, or parasitic infection
C. Developmental (idiopathic) or degenerative diseases of

bone: panosteitis, hypertrophic osteodystrophy, hyper-
trophic pulmonary osteoarthropathy, and others.
II. Obtaining material for culture

Restraint and Technique

I. General anesthesia is required.
II. A wide area of skin around the affected site is clipped and
prepared for aseptic surgery.
III. Radiographs are used to select an appropriate site to insert
and direct the biopsy instrument.
IV. Make a 1-cm incision over the selected site.
V. Retract the subcutaneous, muscle, tendon, and deep fascial
tissues to gain access to the periosteal surface.
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VI. Using an appropriately sized Michel trephine biopsy in-
strument without stylet (see Box 3-1), use an oscillating,
twisting motion to advance the instrument through the
cortical bone, across the medullary cavity, and through
the opposite cortex.

VII. Palpation of the trephine in the subcutaneous tissues
indicates complete full-thickness biopsy.

VIII. Withdraw the trephine and insert the stylet to eject the
core into bacteriologic transport medium or 10% formalin
solution for microbiologic or histopathologic examina-
tion, respectively.

IX. Bleeding from the biopsy site is controlled with direct
pressure and closure of the deep tissues.

X. Additional specimens may be collected until the surgeon
is comfortable that a diagnostic sample has been
obtained.

Complications

I. False-negative results may be obtained if inadequate or
inappropriate tissues are collected.

A. Careful radiographic analysis and collection of multiple
samples minimize this complication.

B. When samples are obtained for histopathology, avoid
soft, necrotic bone and locate the biopsy site close to
the junction with radiographically normal tissue.

II. Pathologic fractures may result from weakening of the
bone.

A. Such problems may be avoided by selecting smaller
trephines and limiting the number of samples taken.

B. External coaptation is used postoperatively if a second-
ary pathologic fracture is feared.
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Contrast Radiography

Lance Rozear

»Y GENERAL CONSIDERATIONS

Purpose

I. To identify and characterize anatomical and pathologic
findings that are not adequately evaluated on survey
radiographs

II. To provide qualitative information on the function of
selected systems

Contrast Agents

I. Positive and negative contrast agents

1L

40

A.

Positive contrast agents contain atoms of high atomic
number (barium and iodine) that attenuate x-rays
with great efficiency, increasing their radiographic
opacity.

Negative contrast agents are gases with low physical
density (carbon dioxide, room air, nitrous oxide) and
low x-ray attenuation, therefore decreasing radiogra-
phic opacity.

Double-contrast studies use a small amount of positive
contrast medium to coat mucosal surfaces in com-
bination with a larger volume of negative contrast
medium to inflate the structure and enhance surface
visualization.

Barium sulfate (Table 4-1)

A.

High atomic number and density that attenuates the
majority of incident x-rays and appears opaque (white)
on radiographs
Insoluble compound that passes unchanged and un-
absorbed as a suspension through the gastrointestinal
(GI) tract with a predictable transit time
Nonirritating to mucosal surfaces; provides good muco-
sal coating
Used in routine imaging of the GI tract
Available formulations
1. Barium sulfate powder (USP)
a. Mixed on site for reconstitution at desired volume
and concentration
b. Inexpensive
c. Tends to precipitate and flocculate, confusing
mucosal detail
2. Commercially prepared barium sulfate suspension
a. Most commonly used, inexpensive
b. Provided in 100% weight/volume (w/v) colloidal
suspension; diluted to desired concentration

c. For GI studies
d. Provides good mucosal detail
3. Barium sulfate paste
a. Viscous
b. Good for evaluation of the esophagus, because
the paste coats the mucosa for longer periods
¢. Not useful for stomach or intestinal studies
4. Solid radiopaque markers or barium-impregnated
polyethylene spheres (BIPS; Med ID, Grand Rapids,
Mich.)
a. Spheres available in differing sizes in gelatin
capsules
b. Uniformly sized spheres or a combination of sizes
in capsules
c. Used to evaluate GI transit time and for the
diagnosis of GI obstruction

E  Potential adverse effects and complications

1. Aspiration
a. If the amount is small and confined to the major
airways, it is removed via the mucociliary appa-
ratus and swallowed.
b. If asmall amount reaches the alveoli, it may cause
a local granulomatous reaction or be sequestered
in regional lymph nodes.
c. Inadvertent passage of orogastric tube into the
trachea or aspiration of a large volume may cause
a severe inflammatory reaction and possibly death.
2. Leakage
a. If barium leaks into the peritoneal, pleural, or
mediastinal space, it can cause a severe granulo-
matous inflammation.
b. It is not recommended in cases of suspected GI
perforation.
3. May cause constipation (rare)

III. Tonic water-soluble contrast media (ICM) (see Table 4-1)
A. Characteristics

1. ICM are monomeric or dimeric derivatives of
benzoic acid containing iodine that have a high
atomic number and appear opaque (white) on
radiographs.

2. They include sodium or methylglucamine (meglu-
mine) salts.

3. They have variable osmolality (580 to 2100 mOsm/kg
H,0) and generally higher osmolality than nonionic
compounds.
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Examples of Contrast Agents, Including Some Basic Chemical Properties

OSMOLALITY
CONTRAST CLASS GENERIC NAME BRAND NAME MANUFACTURER CONCENTRATION*  (mOsm/kg H,0)
Nonionic contrast Tohexol Omnipaque GE Healthcare 140 322
media (NICM) 180 408
240 520
300 672
350 844
Iopamidol Isovue Bracco Diagnostics 200 413
250 524
300 616
370 796
Toversol (not labeled Optiray Mallinckrodt 160 355
for intrathecal use) 240 502
300 651
320 702
350 792
Ionic contrast Diatrizoate meglumine  Renograffin-60 Bracco Diagnostics 292.5 1450
media (ICM) (Meg)/sodium (Na) Renocal-76 Bracco Diagnostics 370 1870
MD-76R Mallinckrodt 370 1551
Diatrizoate Meg Hypaque Meglumine-60  GE Healthcare 282 1415
Reno-dip Bracco Diagnostics 141 588
Reno-30 Bracco Diagnostics 141 673
Reno-60 Bracco Diagnostics 282 1404
Diatrizoate Na Hypaque Na-20 GE Healthcare 120
Iothalamate Meg Cysto-conray Mallinckrodt 81 N/A
Cysto-conray II 282 1400
Conray 141 600
Conray30 202 1000
Conray43
Barium Iothalamate Na Conray400 Mallinckrodt 400 2300
BaSO4 suspension Liquid Polibar E-Z-EM 100 N/A
BaSO4 paste Intropaste Lafayette 70 N/A
Barium-impregnated BIPS Med ID N/A N/A
polyethylene spheres
(BIPS)

*For aqueous iodine solutions (NICM and ICM), concentrations are given in milligrams of iodine/milliliter solution (mg I/mL). For barium products, concentration is
given in percent weight in grams of barium/100 mL final solution (% w/v).

7.
B. Us
1.

a. Monomeric agents have high osmolality (1200
to 2100 mOsm/kg H,0).

b. Dimeric agents are lower in osmolality, and are
therefore less toxic (=600 mOsm/kg H,O).

. Most agents are excreted predominantly by the

kidneys because of low protein binding.

. An alternate route of excretion through the GI

tract and liver occurs in cases of renal dysfunction
(vicarious excretion).

. Higher protein-binding agents (e.g., ioxaglate) are

excreted by the liver in the bile.

They are relatively inexpensive.

es

IV contrast studies: angiography, IV urography

2. Retrogradelower urinary tractimaging: cystography,
urethrography

3. Fistulography, pleuro/peritoneography, lymphangio-
graphy, arthrography

4. Not for intrathecal use

. Formulations

1. Provided in sterilized single- or multiple-dose vials
2. Sodium or meglumine salts, or a combination of
both
a. Sodium salts are lower in viscosity and easier to
inject; however, they are more toxic.
b. Meglumine salts are higher in viscosity and
more difficult to inject rapidly, but they are less
toxic.
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¢. Combinations with varying proportions of each
salt are commonly used to compromise between
viscosity and toxicity.

D. Adverse effects/complications (rare)

1.

Primarily related to hypertonicity

a. Irritating to tissues if extravasated
(1) Possible soft tissue slough
(2) Treated with cold compresses + local infiltra-

tion of physiological saline as a diluent

b. Pain at injection site

c. Salivation, nausea, vomiting: IV or oral admin-
istration

d. Sequestration of fluid in GI tract (if orally ad-
ministered), creating fluid/electrolyte imbalances;
not recommended for GI studies

e. Transientincrease in blood volume from increased
plasma osmotic pressure: danger for animals with
cardiac disease

f. Peripheral vasodilation: danger for animals with
cardiac disease

g. Osmotic diuresis: danger for animals with cardiac
or renal disease

h. Increased capillary permeability: can alter blood-
brain barrier

i. Crenates red blood cells (RBCs) that can then ob-
struct capillaries: most serious for myocardium,
brain, and kidneys

j. Pulmonary edema as a result of hypertonicity if
aspirated

. Contrast-induced renal failure

a. Varies from clinically insignificant to anuric renal
failure
b. Generally reversible with IV fluid therapy

. Chemotoxicity

a. Sodium salts more toxic than meglumine salts

b. Damage to blood-brain barrier, heart, and
kidneys

c. Electrolyte imbalances

. Idiopathic, anaphylactoid, or pseudoallergic reactions

a. Unpredictable, variable in severity

b. Do not require previous exposure to contrast
media

c. Signs: urticaria, sneezing, decrease in blood pres-
sure, tachycardia, facial swelling, laryngeal edema,
pulmonary and cerebral edema, bronchospasm,
and cardiovascular collapse

. Potential risk factors: multiple myeloma; diabetes

mellitus; advanced age; chronic renal, hepatic, or
cardiac disease

IV. Nonionic water-soluble contrast media (NICM) (see
Table 4-1)
A. Characteristics

1.

Monomeric (most common) and dimeric derivatives
of benzoic acid

. Generally lower osmolality than ionic compounds

(300 to 1000 mOsm/kg H,0O)

. Excreted almost exclusively by the kidneys

4. Relatively expensive

5. Safest of the positive contrast media; associated with
the fewest adverse effects

B. Uses

1. Same as ICM

2. Labeled for intrathecal injection (except for Ioversol)

3. Safest media to use near nervous system (myelo-
graphy, epidurography, discography)

4. Do not cause fluid sequestration in GI tract as do

ICM,; safer for oral use

C. Adverse effects
1. Idiopathic reactions are similar to those of high-
osmolar ionic media, but with much lower inci-
dence.
2. Dimeric agents are viscous, and difficult to use in

veterinary myelography (Widmer and Blevins, 1991).

3. In neurologic imaging procedures, rare adverse re-
actions include seizures, convulsions, radicular pain,
and transient exacerbation of neurologic signs.

4. If extravasated or aspirated, NICM cause a less severe
reaction than do ICM.

V. Negative contrast agents
A. Characteristics

1. Gases: room air, carbon dioxide (CO,), nitrous oxide

(rarely used)

2. Low physical density and relatively low atomic
number

3. Attenuate few incident x-rays; appear radiolucent
(black) on radiographs

B. Uses

1. Can be instilled into the lower urinary or GI tract
for single-contrast studies

2. Most often used in double-contrast studies to
inflate the lower urinary or GI tract precoated
with positive contrast for visualization of mucosal
detail

C. Adverse effects

1. Venous gas embolization can occur.

a. CO,ismore soluble than room air and is therefore
safer.

b. With animal in left lateral recumbency, small
amounts of gas are trapped in the right side of
the heart and do not travel into the pulmonary
artery.

2. Pneumoabdomen/pneumomediastinum may de-
velop if the gas extravasates.

2 ESOPHAGOGRAPHY

Definition
I. Dynamic or static contrast study of the pharynx and
esophagus
II. Dynamic study performed with fluoroscopy; static study
performed with radiographs
III. Evaluates swallowing reflex, motility, and structural aspects
of the pharynx and esophagus



Indications

I. Dysphagia, regurgitation, gagging or retching, recurrent
aspiration pneumonia
I1. Suspected esophageal rupture or bronchoesophageal fistula
II1. Stricture, ulceration, foreign body, mass, or diverticulum
IV. Localizing esophagus in relation to normal or abnormal
mediastinal structures
V. Evaluation of possible esophageal lesion seen in survey
radiographs
VI. Evaluation of motility, sphincter function, and swallowing
reflex

Contraindications

L. Increased risk of aspiration (altered mental state, intract-
able vomiting)
II. With suspected rupture or fistulation, risk of barium
entering the mediastinum or lung
I11. Probable transient hypomotility/dilation from aerophagia,
dyspnea, pain, or sedation

Alternative Imaging Procedures

I. Mediastinal/cervical ultrasonography: can evaluate para-
esophageal structures in the neck and ventral media-
stinum

II. Endoscopy: cannot assess motility, but can evaluate lumen
and mucosa and obtain biopsy

II1. Computed tomography: cannot assess motility

Preparation of Animal

I. Fasted 12 to 24 hours to encourage voluntary consumption
of contrast agents
II. Survey thoracic and cervical/pharyngeal radiographs
II1. May require sedation; however, this is undesirable because
of effects on motility

Technique

I. Place animal in lateral recumbency.

II. Administer contrast medium per os into the buccal pouch.
A. Barium sulfate liquid suspension (30% w/v)

B. Barium sulfate paste
C. Moist food mixed with barium paste
D. Kibble mixed with barium paste

III. Begin with liquid, followed by paste, then soft food, and
finally contrast-coated kibble.

IV. For each administration of contrast medium, monitor
swallowing and transport of contrast to the stomach with
fluoroscopy or with orthogonal radiographs made post-
swallowing.

Normal Findings

I. Oropharyngeal phase
A. Formation of bolus at base of tongue
B. Rapid propulsion of bolus from base of tongue to
cricopharyngeal sphincter over a closed glottis via
peristaltic contraction of the pharynx
C. Simultaneous opening of the cricopharyngeal sphincter
to accept bolus
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II. Esophageal phase

A. Primary peristaltic waves begin upon acceptance of
a bolus from the oropharynx, and may continue to
the stomach. Primary waves are stimulated by the oro-
pharyngeal phase.

B. Secondary peristaltic waves are initiated to carry in-
completely delivered boluses to the stomach. These
waves are independent of the oropharyngeal phase.

III. Gastroesophageal phase

A. Opening of the lower esophageal sphincter and passage
of bolus into the stomach

B. May see transient reflux of small amount in normal
animals, but clears quickly

IV. Mucosal appearance

A. Smooth and intact

B. Mucosal folds: linear striations
1. Dogs: longitudinally oriented throughout the length

of the esophagus
2. Cats: oblique or “herringbone” striations in the dis-
tal one third of the esophagus

Abnormal Findings

I. Diverticula: congenital or acquired
II. Abnormalities of oropharyngeal phase
A. Incoordination of bolus propulsion and glottis closing,
or opening of cricopharyngeal sphincter (dyssynergia)
B. Mass in pharynx, preventing bolus formation or pas-
sage (neoplasia, abscess, granuloma, cyst)
C. Stricture or spasm at cricopharyngeal sphincter, pre-
venting opening (achalasia)
D. Neuromuscular disorder or anesthesia-induced failure
of the cricopharyngeal sphincter to contract (chalasia)
III. Abnormalities of peristalsis
A. Delayed primary or secondary peristalsis
B. Aperistalsis (diffuse vs focal)
1. Maybeaccompanied by esophageal dilatation (mega-
esophagus)
2. Mechanical: vascular ring anomaly, gastroesophageal
achalasia, foreign body, or mass
3. Neuromuscular: idiopathic megaesophagus, myas-
thenia gravis, lead toxicity, thymoma, others
C. Gastroesophageal reflux: possibly increased with
sedation
IV. Mass effects
A. Intraluminal: foreign body, gastroesophageal intus-
susception, polypoid mass
B. Mural: stricture, mass (abscess, neoplasm, granuloma)
C. Extramural
1. Mediastinal, pulmonary or heart base mass: abscess,
granuloma, neoplasm, lymphadenopathy
2. Hiatal hernia: sliding, permanent
V. Extravasation: perforation, fistulation
VI. Mucosal abnormalities
A. Ulceration
1. Retention of barium; may see a crater * increased
wall thickness
2. May be benign or associated with neoplasia
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B. Esophagitis
1. Irregular mucosal pattern
2. Secondary to vomiting, reflux, or mechanical or
chemical irritation

Complications

I. Aspiration is the major concern. Discontinue the proce-
dure and obtain thoracic radiographs to determine the
location and amount of aspirated material.

II. Leakage of barium into mediastinum through an un-
anticipated perforation is also possible.

W GASTROGRAPHY

Definition
I. Gastric contrast procedure using negative (pneumogastro-
graphy) or both positive and negative contrast media
(double-contrast gastrography)
II. Allows detailed examination of gastric mucosa, lumen, and
wall
I11. Does not evaluate motility

Indications

I. Chronic vomiting
II. Suspected gastric wall lesion (ulcer, mass)
III. Suspected gastric foreign body
IV. Abnormal appearance on survey radiographs

Contraindications

L. Increased risk of positive contrast media aspiration (altered
mental state, intractable vomiting)
II. High suspicion of gastric rupture, perforation, or wall ne-
crosis
I1I. Unable to pass gastric tube because of pharyngeal or esoph-
ageal disease

Alternative Imaging Procedures

I. Upper GI series
II. Ultrasonography
I11. Endoscopy
IV. Nuclear scintigraphy: evaluation of motility, localization
of GI bleeding
V. Computed tomography

Preparation of Animal

I. Fasted for 12 to 24 hours and cleansing enemas to empty
GI tract

II. Sedation or anesthesia (for double-contrast study)

III. Administration of glucagon to decrease gastric motility,
allowing visualization of structure without peristalsis
(optional for pneumogastrography)

A. Dogs: 0.1 to 0.35 mg/kg IV (lower doses in smaller
animals); cats: 0.1 mg IV

B. Maximum dose: 1 mg

C. Lasts approximately 15 minutes; may be repeated

D. Contraindications to glucagon: pheochromocytoma,
uncontrolled diabetes mellitus

Technique

I. Double-contrast gastrography

A. Via orogastric tube, administer barium sulfate suspen-
sion (30% w/v) at 1.5 to 3 mL/kg in dogs (higher dose
for smaller dogs), and 3 mL/kg in cats.

B. Inflate stomach with approximately 20 mL/kg gas
(dogs) until stomach is distended.

C. Withdraw the tube and rotate animal 360° about the
longitudinal axis of the body.

D. Obtain ventrodorsal (VD), dorsoventral (DV), and
right and left lateral views.

II. Pneumogastrography

A. Viaorogastric tube, inflate stomach with approximately
20 mL/kg gas (dogs) until stomach is distended.

B. Alternatively, administer 60 mL of a carbonated beverage.

C. Kink and quickly withdraw tube.

D. Obtain VD and left lateral abdominal radiographs im-
mediately, with additional views as needed.

Normal Findings

I. Rugal folds: linear striations running parallel to the axis
of the stomach
II. Lower esophageal sphincter: “star” pattern of rugae on
lesser curvature (may not see with pneumogastrography)
II1. Smooth, uninterrupted mucosal surface
IV. Normal shape and orientation

Abnormal Findings

I. Double-contrast gastrography
A. Ulceration: craters of barium retention in the mucosa
+ wall thickening; may be benign or neoplastic
B. Wall masses, circumferential or eccentric: neoplasia,
polypoid gastritis, granuloma
C. Thickened wall: gastritis or neoplasia
II. Pneumogastrography
A. Luminal foreign bodies
B. Wall masses, circumferential or eccentric: neoplasia,
polypoid gastritis, granuloma

Complications

I. Regurgitation/aspiration
II. Jatrogenic damage from intubation or overdistention of
diseased organ
III. Discomfort from dilation of stomach (reintubate to de-
compress)

2 UPPER GASTROINTESTINAL SERIES

Definition
I. Contrast procedure designed to opacify stomach and small
intestine (upper GI tract)
II. Allows evaluation of the lumen, mucosal surfaces, motility,
and contents

Indications

I. Signs of gastric or small intestinal disease: acute or chronic
vomiting, small bowel diarrhea, anorexia, weight loss,
abdominal pain



II. Suspected intestinal obstruction
III. Evaluation of GI transit time
IV. Abdominal mass localization
V. Abnormal appearance of stomach or small intestine on
survey radiographs

Contraindications

L. Increased risk of aspiration (altered mental state, intract-
able vomiting)
I1. Suspected perforation (use NICM)
III. Obvious surgical condition on survey radiographs
IV. Unmanageable animal (many radiographs required, seda-
tion undesirable)

Alternative Imaging Procedures

I. Ultrasonography
II. Endoscopy
III. Scintigraphy: motility study, localization of GI bleeding

Preparation of Animal

I. Fasted for 12 to 24 hours and cleansing enemas to empty

GI tract
II. Survey orthogonal abdominal radiographs

III. Sedation (if needed) using agents with minimal impact on
motility

A. Dogs: acepromazine 0.025 to 0.05 mg/kg IV, SC, or IM

B. Cats: ketamine 2 to 4 mg/kg IV with acepromazine

0.05 mg/kg IV or diazepam 0.44 mg/kg IV
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Technique

I. Orogastric intubation: preferred over PO administration
II. Barium sulfate suspension (20% to 30% w/v)
A. Dogs: 6 to 12 mL/kg (larger dose for smaller dogs)
B. Cats: 12 to 16 mL/kg
III. Questionable GI integrity: NICM used
A. Use 10 mL/kg to total dose of 240 to 300 mg iodine/mL
NICM diluted 1:2 or 1:3 in water.
B. ICM is not recommended because of hypertonic effects
on fluid/electrolyte status.
IV. Radiographic views to be obtained
A. Increase kVp by 5% to 10%
B. Typical timing of radiographic exposures
1. Dogs
a. Immediate VD, DV, and right and left lateral
b. Lateral and VD views at 30 minutes, 1, 2, 3, and
4 hours
2. Cats
a. Immediate VD, DV, and right and left lateral
b. Lateral and VD at 15 and 30 minutes, then 1, 1.5,
and 2 hours
3. Normal exam: complete when barium clears
stomach and reaches colon
4. Exam with abnormalities: continue as needed to
obtain diagnosis

Normal Findings

I. Generalized smooth or finely fimbriated mucosal surfaces
II. Normal focal mucosal irregularities

P

Typical Times of Gl Events for Dogs and Cats With Barium Sulfate Suspension and NICM

EVENT

TIME OF OCCURRENCE

DOG

CAT

Contrast Begins To Leave Stomach

Barium

NICM

Gastric Contents Cleared

Immediately to 15 min, maximum 30 min
(Moon and Meyer, 1986)
Immediately (Augt et al., 1993)

Immediately to 15 min (Morgan, 1981)

Immediately (Moon and Meyer, 1986)

Barium

NICM

Contrast Reaches Colon

30-20 min, maximum 4 hr (Miyabayashi et al.,
1986; Miyabayashi and Morgan, 1991)
30-120 min (Augut et al., 1993)

15-60 min, maximum 2 hr (Morgan,
1977, 1981)
30-90 min (Williams et al., 1993)

Barium

NICM

Contrast Clears Small Intestine

30-120 min (Miyabayashi et al., 1986)

60-90 min (Augt et al., 1993)

30-60 min, maximum 2 hr (Hogan and
Aronson, 1988; Morgan, 1977, 1981)
15-75 min (Williams et al., 1993)

Barium

3-5 hr (Miyabayashi et al., 1986)

Not reported

GI, Gastrointestinal; NICM, nonionic water-soluble contrast media.
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A. Gastric rugal folds: parallel folds in mucosa running
parallel to the greater curvature
B. Lower esophageal sphincter: “star” pattern of rugae on
lesser curvature of stomach
C. Peyer’s patches: focal outpouchings of contrast into the
mucosa of the antimesenteric border of the descending
duodenum (dogs only)
III. Transit times (Table 4-2)
IV. Contrast column
A. Peristaltic waves should propel the contrast through the
small intestine, showing a contrast column of varying
diameters. This can be dramatic in the normal cat
duodenum, causing a “string-of-pearls” appearance.
B. Areas of peristaltic activity are transient. Repeatable
focal narrowing of the contrast column is an indicator
of focal disease.

Abnormal Findings

I. Increased gastric emptying time (motility decreased or tran-
sit slowed)
A. Emptying time >4 hours in dogs and >2 hours in cats
B. Mechanical pyloric outflow obstruction
1. Pyloric hypertrophy or stenosis
2. Pyloric mass: neoplasia, granuloma, polyp
3. Foreign body
C. Functional obstruction: pyloric spasm, inflammation,
or ulceration
D. Hypomotility from stress, pain, anticholinergic medica-
tion, neurological damage, or ischemia or other motility
disorder
E. Insufficient dose of barium to initiate peristalsis
II. Increased small intestinal transit time (motility decreased
or transit slowed)
A. Generalized
1. Functional ileus from stress, pain, anticholinergic
medication, neurologic damage, ischemia, or inflam-
mation
2. Mechanical ileus from obstruction in distal small
intestine: foreign body, intussusception, neoplasm,
extra-GI masses, entrapment, others
3. Mesenteric volvulus or infarction
B. Focal
1. Mechanical ileus (complete or partial obstruction):
focal dilatation of intestine proximal to obstruction
2. “Gravel sign”: accumulation of debris and barium
immediately proximal to a partially obstructive lesion
III. Decreased small intestinal transit time (faster transit)
A. Enteritis
B. Maldigestion/malabsorption syndrome
IV. Increased contrast column diameter (GI distention)
A. Generalized
1. Functional ileus
2. Distal small intestinal obstruction (chronic)
B. Focal
1. Stomach only: pyloric outflow obstruction (acute or
chronic)
2. Small intestine: proximal to obstruction (acute,
chronic, partial, or complete)

V. Irregular contrast border
A. Infiltration and rigidity of mucosa
B. Potential causes
1. Inflammation
a. Inflammatory bowel disease
b. Granulomatous enteritis
c. Focal inflammation: irritation from foreign
body, parasites
2. Neoplastic infiltration
3. Scarring
VI. Contrast column filling defects
A. Intraluminal
1. Foreign body
2. Parasites
3. Mucosal mass: polyp, neoplasia
B. Mural
1. Circumferential
a. Stricture
b. Neoplasia, most common: lymphomaandadeno-
carcinoma
2. Eccentric
a. Neoplasia: as lymphoma, adenocarcinoma leio-
myoma, leiomyosarcoma, etc.
b. Abscess, granuloma, hematoma
C. Extramural
1. Mass or adjacent structure: lipoma, lymphadeno-
pathy, prostatomegaly, full bladder, etc.
2. Internal hernia
VII. Eccentric outpouching of contrast column and wall defects
A. Ulceration
1. “Crater” of retained barium % increased surround-
ing intestinal wall thickness
2. May be benign or associated with neoplasia
B. Diverticulum

Complications

I. Vomiting and aspiration
II. Leakage of contrast at perforation site
III. Barium-induced constipation (rare)
IV. Drooling or emesis with oral NICM
V. Iatrogenic damage
A. Trauma to oral cavity, pharynx, esophagus, or stomach
from intubation
B. Rupture of diseased stomach from overdistention
C. Inadvertent deposition of barium into lungs

Solid Radiopaque Marker (BIPS) Study

I. Used when full upper GI study is not necessary or is
contraindicated
II. Specific considerations

A. Canbeused when obstructionisthe primary differential
diagnosis
1. Administer BIPS, and obtain radiographs 4 to

12 hours later.

2. BIPS will accumulate proximal to obstruction.

B. Good for uncooperative animals (can hide BIPS in
food or administer as pill)

C. Can be used to evaluate GI transit time



1. Variably sized spheres proceed through the GI tract
at different rates depending on method of admin-
istration (pill form or mixed in soft or dry food).

2. The manufacturer includes information describing
normal transit patterns.

»¥ COLONOGRAPHY

Definition and Indications
I. Positive, negative, and double-contrast studies of the colon
II. Used in identification and localization of the colon in
relation to other abdominal structures
III. Used to evaluate colonic structure, including the wall,
lumen, and mucosal surface

Contraindications

I. Inability or unwillingness to sedate or anesthetize the
animal
II. Suspected perforation: use NICM only; not barium or gas
III. Risk of iatrogenic perforation: severe colitis, known ulcer-
ation, or post-biopsy

Alternative Imaging Procedures

I. Ultrasonography
II. Colonoscopy
III. Computed tomography

Preparation of Animal

I. Cleansing enemas, then a 2-hour wait to clear introduced
gas and fluid
II. Survey radiographs of abdomen and pelvis

Technique

I. Pneumocolon (for identification/localization purposes only)

A. Sedation is often unnecessary.

B. Via a red rubber or tomcat catheter, inject room air
or other negative contrast agent at 1 to 3 mL/kg body
weight into the rectum.

C. Obtain VD and lateral abdominal radiographs; both
lateral views may be beneficial.

II. Positive and double-contrast colonography (for thorough
evaluation of structure)

A. Anesthesia is required.

B. A balloon catheter is placed in the rectum and inflated
to occlude the anal sphincter.

C. With the animal in left lateral recumbency, infuse
barium sulfate suspension until colon is full (5 to
15 mL/kg body weight).

D. Use NICM if colonic integrity is questionable.

E. Obtain VD and lateral radiographs (increase kVp by
5% to 10%).

E Remove barium and administer sufficient negative
contrast to distend the colon.

1. Dose is approximately 10 mL/kg.
2. Do not overdistend; monitor with fluoroscopy or
radiographs.

G. Obtain VD, DV, and both lateral radiographs.
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Interpretation of Pneumocolon

I. Identifies location of the colon in relation to other
abdominal structures
II. Differentiates colon from small intestine

Interpretation of Double-Contrast Colonography

I. Normal findings
A. Mucosa smooth and intact
B. Wall thin and regular
C. Cecum sometimes inflated, without retrograde flow of
contrast into distal small intestine (unless overdistended)
II. Abnormal findings
A. Mucosal defects: ulceration
B. Filling defects
1. Intraluminal: unevacuated feces, mucosal mass
(e.g., polyp), intussusception
2. Mural: neoplasia, stricture, abscess, granuloma,
hematoma
3. Extramural: mass or adjacent structure (e.g., bladder,
prostate, uterus, lumbar lymph nodes, neoplasm,
granuloma, abscess)
C. Diverticula
D. Herniation

Complications
I. Intraperitoneal leakage of barium from loss of colon wall
integrity
II. Iatrogenic perforation

BY EXCRETORY UROGRAPHY

Definition
I. Contrast procedure designed to enhance visualization of
the kidneys, renal pelvis, and ureters
II. Gives qualitative information on renal function
III. Also known as intravenous urography and intravenous

pyelography (IVP)

Indications

I. To evaluate morphology and location of the kidneys,
ureters, and bladder
II. To identify and localize urinary tract disease or dysfunction
II1. To assess the effect of masses or trauma on the urinary
tract
IV. As a crude assessment of renal function and urinary tract
patency

Contraindications

I. Dehydration: associated with contrast-induced renal failure
II. Renal disease

A. As renal function decreases, the quality of the study
decreases.

B. With blood urea nitrogen >50 to 75 mg/dL, the con-
trast agent dose may be doubled to increase quality of
imaging.

C. With severe azotemia, the study may be poor regardless
of contrast agent dosage.
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D. Increasing the dose in the face of decreased renal func-
tion leads to increased risk of renal toxic effects and
systemic reactions.

III. Known sensitivity to contrast agents

Alternative Imaging Procedures

I. Ultrasonography
II. Nuclear scintigraphy: evaluation of glomerular filtration rate
III. Computed tomography

Preparation of Animal

I. Fasted for 12 to 24 hours, and cleansing enemas to empty
GI tract
II. Peripheral venous indwelling catheter
III. Urinary catheter if trigone morphology to be investigated
or cystography performed
IV. Anesthesia or sedation if necessary (recommended for
evaluation of trigone)
V. Well-hydrated circulatory status
VI. Survey abdominal radiographs

Technique

I. Intravenous bolus of ICM or NICM (800 mg iodine/kg
body weight)
II. Radiographic views to be obtained

A. Ventrodorsal and lateral views immediately and at 5, 20,
and 40 minutes

B. Oblique views at 10 minutes to visualize trigone, if
needed

I11. Modifications if ureteral ectopia suspected

A. Anesthesia is required.

B. Perform a negative contrast cystogram with a reten-
tion cuff catheter prior to excretory urography to
increase contrast at the trigone.

C. Fluoroscopy or multiple radiographs are often neces-
sary to visualize contrast in the ureters at the trigone.

Normal Findings

I. Nephrogram (renal opacification)
A. Opacity peaks at 10 to 20 seconds post-injection and
gradually fades over 1 to 3 hours.
B. Less than 25% of normal dogs have opacification
remaining at 2 hours (Feeney et al., 1979).
C. The nephrogram is best visualized on immediate and
5-minute radiographs.
D. There are two components of the nephrogram:
1. Vascular nephrogram: contrast in the renal vascula-
ture
a. Cortex more opaque than medulla (5 to 10 seconds
post-injection)
b. Occurs immediately and then quickly obscured
by tubular phase
2. Tubular nephrogram: contrast within Bowman’s
capsules and renal tubules
a. Kidney uniformly opaque
b. Most typically seen phase of the nephrogram
E. Degree of renal opacification depends on hydration, con-
trast dose, renal blood flow, and relative renal function.

II. Pyelogram (renal pelvis, pelvic diverticula, and ureter

opacification)

A. Opacification begins at 1 to 3 minutes and persists for
several hours.

B. Itis best visualized within the first hour.

C. The pyelogram is more opaque than nephrogram
because of contrast media concentration.

D. Normal pelvic diverticula are often not visible without
abdominal compression.

E. Normal peristalsis causes transient filling defects in
the ureteral contrast column.

Abnormal Findings

I. Nephrogram
A. Morphological changes: size, shape, location, number,

margination (Table 4-3)

B. Opacification sequence changes: onset, degree of

opacification, and fading (Box 4-1)

II. Pyelogram (Table 4-4)
A. Changes in onset or degree of opacification

1. Onset of opacification is dependent on renal excre-
tion and ureteral patency.

2. An absent or delayed pyelogram can result from
reduced renal blood flow (e.g., shock, hypovolemia,
renal infarction), renal disease (decreased excretion,
+ decreased concentration), or ureteral outflow
obstruction.

B. Decreased peristalsis: obstruction, infection, or ectopia
C. Ureteral obstruction: calculi, hematoma, neoplasia,
abscess/granuloma, or stricture
D. Changes in size, shape, location, lumenal contents
(filling defects)
E. Ectopic ureters
1. The ureter may be dilated.
2. Unilateral or bilateral ectopia may be found.

Box 4-1

Nephrographic Opacification Sequence
Changes and Associated Disorders

Fair to Good Initial

Poor Initial Opacification Opacification

Gradual increase in opacity
Acute extrarenal obstruction
Systemic hypotension
Renal ischemia

Persistent poor opacity
Primary glomerular

dysfunction (chronic)
Severe generalized renal
disease

Gradual decrease in opacity
Primary polyuric renal failure
Acute pyelonephritis
Inadequate dose

Increasing opacity
Systemic hypotension
Acute renal obstruction
Contrast-induced renal

failure

Persistent opacity
Acute tubular necrosis
Contrast-induced renal

failure
Systemic hypotension
Ethylene glycol toxicosis

Decreasing opacity

Normal

Modified from Feeney et al: Advances in canine excretory urography. Gaines Vet Symp
30:8, 1981; with permission.
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P

Nephrographic Findings During Excretory Urography, Including Limited Differential

Diagnosis

FINDING

SMOOTH MARGIN

IRREGULAR MARGIN

UNIFORM OPACITY NONUNIFORM OPACITY

UNIFORM OPACITY

NONUNIFORM OPACITY

Kidney size increased

Kidney size normal

Kidney size decreased

Nephrogram absent
Renal aplasia
Infarction or avulsion

of renal artery
Nephrectomy
Inadequate dose

(if bilateral)

Compensatory
Perirenal pseudocyst
Infiltration by Polycystic disease
inflammatory or
neoplastic cells Hydronephrosis
Other non—capsule-
deforming mass effects
Acute glomerular Hydronephrosis
Pyelonephritis
Intrarenal hemorrhage
Polycystic disease

Glomerular disorders

Neoplasia
Other

Pericapsular
hematoma
Neoplasia

Hypoplastic kidneys
with superimposed
disease

Chronic renal failure

Neoplasia

Renal cyst
Polycystic disease
Granuloma
Abscess
Hematoma

Neoplasia

Intrarenal hemorrhage
Renal cyst

Polycystic disease
Infarction

Chronic generalized
and/or tubulointer-
stitial disease
Multiple infarcts

Modified from Feeney DA, Barber DL, Osborne CA: Advances in canine excretory urography. Gaines Vet Symp 30:8, 1981; with permission.

P

Pyelographic Opacification Sequence and Structural Changes and Associated Disorders

DELAYED ONSET/ STRUCTURAL CHANGES
DECREASED OPACITY

FILLING DEFECTS SIZE/SHAPE CHANGES LOCATION
Obstruction Hydronephrosis Ectopia

Renal failure/insufficiency
Inadequate dose

Pyelonephritis

Ureteral stricture

Deviation by retroperitoneal mass

Functional (ectopic ureter)

Compression/distortion from renal
parenchymal mass
Ureteral ectopia
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3. The ureter may enter the urethra, vagina, uterus, or
vas deferens.

4. The ureter may enter the bladder wall and have one
orifice into the bladder, then “tunnel” through the
wall to have a second orifice into the urethra.

F. Extravasation of contrast material into the retro-
peritoneal space: rupture

Complications

I. Contrast reaction (rare)
II. Risk reduced by ensuring adequate hydration of the animal

®Y CYSTOGRAPHY/URETHROGRAPHY

Definition
I. Contrast study designed to enhance visualization of the
urinary bladder and urethra
II. Single- or double-contrast studies

A. Positive or negative contrast study for evaluating
location, shape, patency, wall thickness, and integrity

B. Double-contrast cystogram for mucosal detail and to
visualize lumenal contents

Indications

I. Stranguria/dysuria
II. Recurrent cystitis
III. Suspected radiolucent calculi
IV. Suspected anatomic malformation
V. Suspected rupture of the lower urinary tract

Contraindications

I. Inability to safely sedate or anesthetize animal
II. Emphysematous cystitis
III. Hematuria: negative contrast agents avoided because of
risk of venous embolization
IV. Suspected small perforation: negative contrast study less
sensitive than positive contrast study
V. Known sensitivity to contrast agents

Alternative Imaging Procedures

I. Ultrasonography
II. Computed tomography
III. Cystoscopy

Preparation of Animal

I. Fasted for 12 to 24 hours and warm water enemas to empty
GI tract
II. Survey abdominal and pelvic radiographs

Technique

I. Place animal in left lateral recuambency.
II. Insert urinary catheter and drain urine.
III. Perform a single-contrast cystogram.
A. Inject ICM, NICM, or negative contrast media until
bladder is palpably turgid (approximately 5 mL/kg).
B. Obtain VD and lateral radiographs.
IV. Alternatively, perform a double-contrast cystogram.

A. Distend the bladder with negative contrast, then inject
low-volume ICM or NICM (0.5 to 1 mL for cats, 1 to

4 mL for dogs).

B. Gently roll animal about its long axis to coat all mucosal
surfaces.

C. Obtain lateral radiographs and oblique radiographs,
+ VD view.

V. Perform a urethrogram.
A. Retrograde urethrogram (preferred)
1. Ensure the bladder is full to provide adequate pres-
sure (use saline or contrast media to fill if necessary).
2. Advance a balloon catheter to the proximal (pelvic)
urethra and inflate cuff.
3. Obtain lateral and VD radiographs during injection
of ICM or NICM (dose to effect).
4. Withdraw catheter to distal urethra and repeat.
B. Antegrade urethrogram
1. Perform IVP and allow contrast to accumulate in
bladder, or inject ICM or NICM into the bladder.
2. Obtain VD and lateral radiographs while apply-
ing pressure to the bladder, forcing urine to flow
antegrade through the urethra.

Normal Findings

I. The bladder mucosal surface is smooth and the wall is
thin (=1 to 2 mm).

II. Positive contrast forms a small, uniform, opaque pool in
the dependent central bladder; small air bubbles may be
seen at the periphery of this pool.

III. Normal ureteral reflux may be seen in normal young
animals, with anesthesia, or with excessive distention.

IV. A normal urethrogram has the following characteristics:
A. Males

1. With a full bladder under sufficient pressure, the
prostatic urethra is the widest section; however, with
an empty bladder the prostatic urethra will be the
narrowest.

2. Mild prostatic reflux may be seen if the bladder is
distended.

3. The small longitudinal dorsal filling defect at the
neck of the bladder and in the prostate is the normal
colliculis seminalis.

B. Females
1. Uniform diameter of contrast column
2. Smooth mucosal borders

Abnormal Findings

I. Abnormal shape/location: urachal diverticulum, pelvic
bladder, herniation
II. Filling defects
A. Air bubbles: round lucencies at the periphery of the
contrast pool in the bladder or transient round filling
defects in the urethra.
B. Calculi or blood clots: repeatable filling defects, usually
in the central contrast pool or urethra
1. Blood clots: amorphous; can change shape with
manipulation



2. Calculi: may change position with manipulation,
but shape is typically consistent
C. Mural mass protruding into the lumen: neoplasm,
abscess, granuloma, hematoma
D. Circumferential narrowing of urethra
1. Physiologic spasm: may be relieved by flushing 1 to
3 mL lidocaine through catheter
2. Stricture
II1. Extravasation: rupture or avulsion
IV. Wall thickening/irregularity
A. General: cystitis/urethritis (£ cobblestone appearance
to mucosa)
B. Focal: cystitis (possibly polypoid) or neoplasia
1. Cranioventral: more likely cystitis
2. Dorsal trigone region: more likely neoplasia
V. Prostatic/ureteral reflux
A. Can be seen in a small percentage of normal animals
B. May indicate prostatic or ureteral disease/dysfunction

Complications

I. Air embolization: rare; risk reduced by placing animal in
left lateral recumbency and using CO,
II. Iatrogenic bladder or urethra damage
A. Do not force catheter (may damage or penetrate the wall).
B. Distend bladder only until palpably turgid; do not over-
distend.
III. JTatrogenic infection introduced with catheterization
IV. Changes in urinalysis results: artifactually increased urine
specific gravity and protein for 24 to 72 hours, which altered
culture/sensitivity results
V. Contrast reaction (rare)

2 MYELOGRAPHY

Definition and Indications
I. The introduction of a positive contrast agent into the
subarachnoid space (SAS) for delineation of the SAS and,
indirectly, the spinal cord
II. Indicated when neurological signs are present referable to
the spinal cord
1. Allows evaluation of the location and extent of spinal cord
compressive lesions
IV. Allows evaluation of the effect of vertebral disease on the
neural canal

Contraindications

L. Inability to anesthetize animal safely
II. High intracranial pressure: cisternal puncture possibly
leading to brain herniation
III. Meningitis: possible exacerbation of inflammation or spread
of infection
IV. Dehydration: increased contrast clearance time, thereby
increasing complications
V. Known sensitivity to contrast agents

Alternative Imaging Procedures

I. Magnetic resonance imaging
II. Computed tomography
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Preparation of Animal

I. General anesthesia is required.
II. Do not premedicate with phenothiazine derivatives because
they may lower the seizure threshold.
I11. Obtain survey lateral and VD radiographs of the spine with
oblique views of suspicious regions.

Technique

L. Injection site: chosen based on neurologic localization of
suspected lesion
A. Cervicothoracic spinal cord segments: cerebellomedul-
lary cistern injection
B. Thoracolumbar and sacral spinal cord segments: lumbar
injection (between the 5th and 6th, or 4th and 5th lum-
bar vertebrae)
II. With NICM only
A. Cervical study: dose = 0.3 mL/kg
B. Thoracolumbar study: dose = 0.3 to 0.4 mL/kg
C. Whole-spine study: dose = 0.45 mL/kg
III. Injection method
A. Aseptically prepare injection site.
B. Perform dural puncture and collect cerebrospinal fluid
(CSE), if appropriate.
C. Administer injection slowly in the dorsal SAS for cis-
ternal puncture, and ventral SAS for lumbar puncture.
D. CSF may not flow into the needle hub with lumbar
puncture.
IV. Views to be obtained
A. Cervical study
1. Lateral and DV views (both lateral views possibly
useful)
2. VD £ DV oblique views of lesions
3. Traction, extension, and flexion views if dynamic
lesion (cervical vertebral instability) suspected
B. Thoracolumbar study
1. Lateral and VD views
2. Oblique views of lesions

Normal Findings

L. Uniform contrast medium columns (Figure 4-1, A)
II. May see slight undulation of ventral column in lumbar
region of small dogs
III. May see asymmetrical columns (dorsal column wider than
ventral or vice versa), but no complete attenuation of both
columns on one view in any region
IV. Slight attenuation of contrast columns with circum-
ferential widening of the spinal cord at the cervical and
lumbosacral (L-S) intumescences
V. Occasional central canal filling: thin linear opacity parallel
to and in the center of the cord

Abnormal Findings

I. Extradural compressive lesion (see Figure 4-1, B)
A. Eccentric deviation and attenuation of SAS
B. Type I or II intervertebral disk disease (IVDD), spinal
ligament hypertrophy, stenotic myelopathy
C. Hemorrhage
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Subarachnoid space

/

Spinal cord

Space-occupying lesion

“Golf-tee” sign

FIGURE 4-1 Myelographic findings associated with various space-
occupying lesions. Orthogonal myelographic views and a cross-
sectional view are shown. A, Normal. B, Extradural compressive lesion.
C, Intradural-extramedullary lesion. D, Intramedullary lesion.

D. Neoplasia, cyst, abscess, granuloma
E. Displaced vertebral fracture or fracture fragment
II. Intradural/extramedullary space-occupying lesion (see

Figure 4-1, C)

A. Characteristic “golf tee” sign to one contrast column as
contrast medium flows around space occupying lesion,
with attenuation of the other columns

B. Hemorrhage

C. Neoplasia, arachnoid cyst, abscess, granuloma

MI. Intramedullary space-occupying lesion (see Figure 4-1, D)

A. Widening of the cord with circumferential SAS devia-
tion and attenuation

B. Spinal cord swelling (edema or inflammation)

C. Hemorrhage

D. Neoplasia, abscess, granuloma

IV. Epidural injection

A. Wide, undulating ventral column with circular opaci-
ties at intervertebral foramina

B. Injection repeated after 30 minutes if needed (allows
contrast medium to clear)

V. Contrast within cord
A. Wide central canal (>1 mm)

1. Hydromyelia: naturally occurring or iatrogenic from
direct injection into central canal
2. Myelomalacia: poor to grave prognosis
B. Injection into cord parenchyma: no effect to worsening
of signs; usually transient

Complications

I. Temporary worsening of clinical signs
II. Seizures
III. Apnea or changes in anesthetic plane during injection
IV. Radicular pain
V. Contrast reaction (rare)
VI. Injection into cord parenchyma
VIL Introduction of infection: rare, minimized by aseptic
technique
VIIL Brain herniation through foramen magnum after cervical
puncture in presence of high intracranial pressure

" EPIDUROGRAPHY

Definition and Indications
I. Introduction of positive contrast agent into the caudal
epidural space for opacification and delineation of the
epidural space
II. Indicated for clinical signs referable to the cauda equina
or L-S region

Contraindications

I. Inability to safely anesthetize animal
II. Infection (e.g., discospondylitis) and risk of iatrogenic dis-
semination
III. Known sensitivity to contrast agents

Alternative Imaging Procedures

I. Magnetic resonance imaging
II. Computed tomography
III. Myelography
IV. Discography

Preparation of Animal

I. General anesthesia: required
II. Survey VD and lateral radiographs

Technique

I. Injection site

A. L-S junction: palpable space between last lumbar and
sacral spinous processes

B. Caudal vertebrae
1. Sagittal plane between vertebral arches anywhere

between the 3rd sacral and 5th caudal vertebrae
2. Sacrocaudal junction easiest
II. Injection technique

A. Aseptically prepare the injection site.

B. Insert a 22-gauge spinal needle (length variable de-
pending on size of animal) into interarcuate space,
advancing to the floor of the canal.

C. Inject NICM 0.15 mL/kg initially, then 0.1 mL/kg if
needed between subsequent exposures.



III. Radiographic views to be obtained
A. Increased kVp by 5% to 10% over that used for survey
radiographs
B. Neutrally positioned lateral radiographs
C. Lateral radiographs with hips extended and flexed
D. DV radiographs for lateralization, if necessary

Normal Findings

I. Contrast columns are symmetrical with no filling defects.
II. The ventral column is immediately adjacent to the dorsal
aspect of the vertebral bodies at the L-S junction.

Abnormal Findings

L. Elevation or deviation of the epidural contrast medium
column with compression of >50% of the vertebral canal
diameter or complete obstruction to contrast medium flow
A. Lumbosacral IVDD
B. Lumbosacral stenosis
C. Ventral longitudinal ligament hypertrophy resulting

from L-S instability
D. May differentiate static versus dynamic lesion with
flexion/extension views

II. Filling defects: neoplasia, hemorrhage, granuloma/abscess,
cyst

Complications

1. Introduction or dissemination of infection
II. Contrast reaction (rare)

2 ARTHROGRAPHY

Definition
I. Contrast procedure for evaluation of joint space, capsule,
and articular cartilage
II. Performed in many joints, but most often done in the
shoulder joint

Indications

I. Lameness localized to joint, without specific survey radio-
graphic findings
II. Osteochondritis desiccans (OCD): used to diagnose and
determine number and location of cartilage flaps/frag-
ments in the joint and/or tendon sheath
III. Wound near joint: used to determine communication of
joint with the wound

Contraindications

L. Inability to safely anesthetize animal
II. Known sensitivity to contrast agents

Alternative Imaging Procedures

I. Ultrasonography
II. Computed tomography
III. Magnetic resonance imaging

Preparation of Animal

I. General anesthesia is required.
II. Obtain survey orthogonal radiographs of affected joint(s).
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Technique

I. Perform aseptic arthrocentesis using 22-gauge spinal needle
(see Chapter 3).
II. Aspirate joint fluid for culture and cytology.
II1. Inject NICM or ICM, diluted 1:3 with sterile saline (NICM
recommended).
A. Shoulder: 2 to 4 mL, or until resistance (Muhumuza
et al., 1988)
B. Stifle: 0.3 to 0.4 mL/cm width of stifle joint (Hay et al.,
1996)
C. Elbow: 2 mL (Lowry et al., 1993)
IV. Hypertonic ICM may draw fluid into joint, thereby diluting
contrast media quickly.
V. Gently flex and extend joint to evenly distribute contrast.
VI. Obtain orthogonal views with stress and oblique views as
needed, thereby increasing kVp by 5% to 10% over survey
radiographs.

Normal Findings

I. Smooth capsular and cartilage surfaces
II. Intraarticular tendons (e.g., bicipital tendon) visualized as
linear filling defects

Abnormal Findings

L. Irregularity to cartilaginous surface: OCD or erosion
II. Intraarticular filling defects

A. Cartilage flap secondary to OCD
B. Joint bodies
C. Osteochondroma/osteochondromatosis
D. Adhesions

III. Irregularity to internal joint capsule surface
A. Synovial hyperplasia/proliferative synovitis
B. Osteochondroma/osteochondromatosis
C. Adhesions

Complications

L. Infectious arthritis
II. Synovial irritation and influx of fluid by high-osmolar
monomeric ICM; NICM safer
III. Synovial rupture if excessive pressure used
IV. Contrast reaction (rare)

¥ PORTOGRAPHY

Definition and Indications
I. Contrast study used to visualize the portal vascular system
II. Used to identify portosystemic shunting
III. Practical methods: splenoportography and jejunal vein
portography

Contraindications

I. Inability to safely anesthetize animal and possibly perform
laparotomy
II. Known sensitivity to contrast agents
1. Coagulopathy
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Alternative Imaging Procedures

I. Ultrasonography
II. Nuclear scintigraphy: transrectal portal scintigraphy, trans-
splenic portal scintigraphy

Preparation of Animal

I. Fasted 12 to 24 hours * cleansing enemas to empty GI
tract
II. Survey VD and lateral abdominal radiographs
I11. General anesthesia required

Technique

I. Splenoportography

A. Place the animal in right lateral recumbency and asepti-
cally prepare site of injection.

1. Evaluate location of spleen by palpation or with
ultrasonography.

2. Prepare area from hypaxial musculature to midline,
parallel to the last rib—a region approximately 6 to
7 cm wide.

B. Insert an over-the-needle catheter into splenic paren-
chyma (guided with ultrasonography, if possible),
aiming toward hilus. Venous backflow will indicate
proper needle placement.

C. If ultrasonography is not available and palpation of
the spleen is not possible, perform laparotomy to
visualize the spleen for catheter placement, or perform
jejunal venography.

D. Perform a 1- to 2-mL test injection and record results
with either fluoroscopy or radiography; if needle is in
the proper location, proceed.

E. Inject5 to 15 mL of ICM or NICM.

E. Obtain two to four radiographs in rapid succession 2 to
4 seconds post-injection.

G. Repeat, if necessary; orthogonal studies may improve
visualization.

II. Jejunal vein portography

A. Perform a ventral midline laparotomy and isolate a
loop of jejunum.

B. Insert an over-the-needle catheter into a jejunal vein
and secure with ligatures.

C. Temporarily close the abdominal incision for transport
and positioning, if needed.

D. With the animal in dorsal recumbency, rapidly inject
1 to 2 mL/kg body weight ICM or NICM.

E. Monitor flow with fluoroscopy or obtain radiograph at
middle to end of injection.

E. Reposition the animal in lateral recambency and repeat
injection and radiograph.

Normal Findings

I. Opacification of the portal branches associated with in-
jection
A. Splenoportography: splenic and cranial portal veins
B. Jejunal vein: jejunal, cranial mesenteric, and portal veins
II. Arborization of portal vein as it enters the hepatic paren-
chyma

Abnormal Findings

L. Portosystemic shunt
A. Single or multiple vessels connecting portal system to
caudal vena cava or azygous vein
B. May have decreased or complete lack of hepatic
arborization
II. Shunt caudal to the 13th thoracic vertebra: high likelihood
of extrahepatic shunt (Birchard et al., 1989)
II1. Shunt cranial to the 13th thoracic vertebra: high likelihood
of intrahepatic shunt (Birchard et al., 1989)
IV. Misdiagnosis
A. With splenoportography, only the portal vein and its
branches at and cranial to the splenic vein entrance can
be evaluated. A shunt caudal to this point may be missed
if hepatofugal flow is not present.
B. With jejunal vein portography, a shunt arising from the
caudal mesenteric vein or its branches may be missed if
hepatofugal flow is not present.

Complications

L. Splenic laceration
II. Hemoabdomen
III. Contrast reaction (rare)
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»¥ HEART DISEASE

Heart Failure

L

II.

III.

Iv.

In moderate to severe cardiac disease, normal cardiovas-

cular functions cannot be maintained.

The first change is elevation in capillary and venous pres-

sures, leading to tissue edema (pulmonary edema, periph-

eral edema, ascites), which is termed congestive heart failure

(CHF).

A. CHEF occurs in the setting of moderate or severe cardiac
disease.

B. Often, cardiac disease is present without CHE.

C. Increased preload (increased filling pressures) occurs
when there is hypotension that activates the renin-
angiotensin-aldosterone system.

D. Increased aldosterone and antidiuretic hormone levels
lead to increased fluid retention and increased preload.

Cardiac output is then reduced, which leads to exercise

intolerance weakness, slow capillary refill time, hypother-

mia, and reduced pulmonary venous oxygen content.

A. Initially the sympathetic nervous system is activated
by reduced blood pressure.

1. This activation leads to beta receptor stimulation,
increased heart rate, and contractility.

2. Alpha adrenergic stimulation leads to arteriolar
vasoconstriction and maintenance of blood pres-
sure.

B. After 1 to 3 days, the beta receptors downregulate,
and the short-term benefit of increased cardiac output
is blunted.

Maintenance of blood pressure is the last cardiovascular

priority to fail in heart failure.

. Cardiogenic shock occurs when the cardiovascular system

cannot maintain adequate blood pressure, most often in
acute heart failure.

Pathophysiology of Cardiac Diseases

L

II.

II1.

Volume overload

A. Many cardiac diseases lead to volume overload (e.g.,
atrioventricular valve disease, left-to-right shunting
congenital heart defects).

B. Increased preload occurs when there is increased blood
volume and venous return to the ventricle, which leads
to diastolic stretching of the cardiomyocytes.

C. The initial response is Starling’s law, with increased
contractility to eject the excess volume.

D. Chronic increased preload leads to eccentric hyper-
trophy and increased left ventricular chamber size,
which help to normalize stroke volume and cardiac
output.

E. Eccentric hypertrophy is identified as increased end-
diastolic diameter or volume on the echocardiogram.

E Sequelae to volume overload are increased diastolic
filling pressure and development of CHE.

Pressure overload

A. It occurs secondary to many cardiac diseases (e.g.,
pulmonic stenosis, aortic stenosis, systemic hyperten-
sion, pulmonary hypertension).

B. Concentric hypertrophy (increased wall thickness)
develops to normalize the increased systolic wall stress.

C. Severe overload may lead to myocardial ischemia and
fibrosis, which results in life-threatening ventricular
arrhythmias.

D. Systolic or diastolic failure may ensue.

E. Concentric hypertrophy isidentified on the echocardio-
gram as increased diastolic ventricular wall thickness.

Systolic myocardial failure

A. Primary myocardial failure arises from idiopathic
dilated cardiomyopathy.

B. There are many secondary causes of systolic myo-
cardial failure.
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C. The primary abnormality of systolic myocardial failure

is a reduction in contractility, which is seen as an
increased end-systolic diameter or volume, reduced
fractional shortening, and increased E point to septal
separation on the echocardiogram.

The chronic compensatory mechanism of systolic myo-
cardial failure is development of eccentric hypertrophy,
which helps improve stroke volume and cardiac
output.

IV. Diastolic dysfunction
A. Relaxation is the early phase of diastole.

E

1. Early, rapid filling is influenced by relaxation and
by left atrial pressure.

2. Delayed early relaxation is the first abnormality in
diastolic dysfunction.

Passive diastolic filling occurs in middle to late diastole,

is influenced by compliance of the ventricle, which

can be reduced by concentric hypertrophy, myocardial

fibrosis, and myofiber disarray.

Diastolic dysfunction maylead to an elevated ventricular

filling pressure and may cause CHFE.

Systolic function usually remains normal.

Hypertrophic cardiomyopathy, unclassified cardiomy-

opathy, and restrictive cardiomyopathy are cardiac

diseases that cause diastolic dysfunction.

Echocardiography (pulsed wave Doppler, tissue Doppler

technique) is useful to identify diastolic dysfunction.

V. Arrhythmias
A. Sustained tachyarrhythmias (supraventricular or ven-

tricular) may reduce cardiac output and lead to
weakness, syncope, or collapse.

B. Bradyarrhythmias may also lead to reduced cardiac
output and clinical signs as a result of severely reduced
heart rate.

Clinical Assessment

I. Signalment
A. Useful to evaluate diseases with known breed, age, and

sex predilections

B. Useful for diseases with known heritability patterns
II. Cardiovascular physical examination
A. Auscultation

1. Murmurs are classified based on location, timing,
and grade of intensity.

D.

E.

2. Often the location of a murmur and its timing may
be pathognomonic for a defect or may refine the
differential list of possible defects.

3. The rhythm may be too slow, too fast, or irregular.

4. Lung sounds (rales, crackles) may be heard if there
is pulmonary edema; dampened lung sounds occur
with pleural effusion.

Precordial pulse palpation

Femoral arterial pulse palpation

1. Dampened, hypokinetic pulses: subaortic stenosis,
cardiogenic shock, cardiac tamponade

2. Bounding pulses: patent ductus arteriosus, aortic
insufficiency

Jugular venous distension or pulsation: tricuspid re-

gurgitation, pulmonic stenosis, cardiac tamponade

Mucous membrane color and capillary refill time

III. Thoracic radiography

A.
B.
C.
D.
IV. Ech
A.
B.

C.

Assessment of overall heart size and quantification of
heart size by vertebral heart scale

Assessment of great vessels: aorta, pulmonary artery,
caudal vena cava

Assessment of pulmonary vasculature

Assessment of pulmonary parenchyma

ocardiography

It is the cornerstone for establishing a definitive
diagnosis of a specific heart disease.

It is essential to evaluate cardiac function, chamber size,
anatomical abnormalities, and valvular competence.
Noninvasive estimation of pressures between two
chambers is possible using continuous wave Doppler
and the modified Bernoulli’s principle.

V. Electrocardiography (ECG)

A.

B.

It is used when an arrhythmia has been ausculted and is
necessary for diagnosis of the specific arrhythmia.
Holter monitors are ambulatory, 24-hour ECG re-
corders that are useful for diagnosis of arrhythmias
and monitoring antiarrhythmic therapy.

Event monitors are continuous loop recorders used in
syncopal animals to determine whether an arrhythmia
is causative.

VI. Cardiac catheterization is rarely necessary for diagnosis
of a cardiac defect, but it is used before interventional
catheter-based therapies.
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C. After-depolarizations that interrupt repolarizations are
called early after-depolarizations, and those that follow
repolarizations are called delayed after-depolarizations.

®Y GENERAL CONSIDERATIONS

Cardiac Arrhythmias

Definition and Causes Clinical Signs

I. Cardiac arrhythmias are defined as variations of rhythm I. The end result of severe arrhythmias is inadequate cardiac
from the normal sinus rhythm. output and subsequent hypotension with decreased brain
II. Some arrhythmias are clinically insignificant and require perfusion, syncope, or organ damage (especially kidney and
no specific therapy, whereas others may cause severe clinical liver).
signs or degenerate into serious arrhythmias (e.g., ventric- II. Common clinical signs are as follows:
ular fibrillation [VF]) that lead to cardiac arrest and sudden A. Weakness and/or collapse (syncope)
death. B. Exercise intolerance
C. Sudden death
I11. Heart failure can develop from severe bradyarrhythmias
or tachyarrhythmias.

A. Long-standing ventricular tachycardia (VT) and supra-
ventricular tachycardia (SVT) can produce a reversible,
left ventricular dysfunction.

B. The onset of cardiomyopathy and the severity of post-
tachycardic changes depend on at least three parameters
(type, rate, duration) of the tachycardia.

Pathophysiology
I. Mechanisms for cardiac arrhythmias can be grouped into ab-
normalities of impulse formation and impulse propagation.
II. Automaticity refers to the ability of cardiac cells to spon-
taneously and repetitively depolarize in the absence of
external stimulation.
A. Normal automaticity is dictated by the rate of phase
4 depolarization (balance of calcium, potassium, and
sodium ions that cause spontaneous depolarization).
B. Abnormal automaticity occurs when acceleration of
phase 4 activity develops at some location or a region of
the heart that normally is not capable of spontaneous
depolarization (e.g., atrioventricular [AV] node) and
gives rise to spontaneous depolarizations.
III. Reentry represents a potential circular path in which
membrane potentials may be conducted.

Diagnosis
I. Although a specific diagnosis may be suggested by ausculta-
tion and physical examination, electrocardiography (ECG)
is required for a definitive diagnosis.
II. A systematic approach is also required for rhythm diagnosis
(Figures 6-1, 6-2, and 6-3).
A. Criteria used in assessing arrhythmias include the fol-

A. It is a phenomenon of recurring and self-perpetuating lowing:
depolarization around a circuit. 1. Whether the rate is fast or slow (tachycardia or
B. Itaccounts for many clinically significant tachyarrhyth- bradycardia)

mias, such as atrial flutter and fibrillation; intraatrial
sinoatrial (SA) and AV nodal tachycardias; tachycardia
via accessory pathways; and some ventricular tachy-
cardias.

IV. Triggered activity has some features of automaticity and
reentry.

A.

B.

Abnormal potentials, called after-depolarizations, fol-
low closely on a previous normal action potential.

The repolarization of a cardiac action potential may
be interrupted or followed by another depolarization
or after-depolarization.

2. Whether the rhythm is regular or irregular

3. If irregular, whether the rate is slow or fast, or
whether premature beats are present

4. Whether P waves are present and normal (upright in
lead II, suggestive of SA nodal origin)

5. Whether there is a P wave for every QRS complex,
and a QRS complex for every P wave

6. Whether the QRS complexes are normal or abnormal
in appearance

. Supraventricular arrhythmias must be differentiated

from ventricular arrhythmias (Table 6-1).
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/ [ Sinus rhythm }
Normal conduction

Normal rate

[Abnormal conductionj

Bundle branch Sick sinus
Abnormal rate blocks (left/right) syndrome

7

s N
Sinus bradycardia Sinus tachycardia AV blocks
1st
N J
2nd
( ) 3rd
Regular rhythm Irregular rhythm
J
l l
)
Sinus rhythm Sinus arrhythmia / \
-
Supraventricular Ventricular
tachycardia tachycardia

FIGURE 6-1 An algorithm for rhythm analysis if P waves are present on the ECG. If no P waves can be identified, the rhythm probably does not
originate in the sinus node, unless it is a rapid supraventricular tachycardia (P wave may be hiding in preceding T waves). AV, atrioventricular.

Normal ventricular
conduction

Abnormal ventricular

conduction
) SVT with 3rd SVT with bundle
Irregularly irregular rhythm Regular rhythm AV block branch block
[ Atrial flutter ] [Atrial tachycardia] Junctional Atrial

tachycardia or fibrillation or
! / \ other atrial

tachycardias
[ No P waves ] [ + Blocked P waves J |: + Preexcitation ]

l l

\
Atrial AV node |r.1depe'>ndent: AV node dependent: Ventrlcule}r
fibrillation ectopic atrial OAVRT tachycardia
tachycardia (see Figure 6-3)

FIGURE 6-2 An algorithm for rhythm analysis of supraventricular tachycardia (SVT). SVT with narrow, upright QRS complexes implies normal
ventricular conduction. AV, Atrioventricular; OAVRT, orthodromoc atrioventricular reciprocating tachycardia.
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‘ Rapid VT (160-380 bpm) ’
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Polymorphic VT ]

Supraventricular
tachycardia
with bundle
branch block
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~.

‘ Slow VT (40-150 bpm) ’

N

Idioventricular rhythm
or accelerated

Ventricular escape
rhythm
(3rd degree AV block)

ventricular rhythm

FIGURE 6-3 An algorithm for analysis of ventricular tachycardia (VT). AV, Atrioventricular;

bpm, beats per minute.

P

FeaturesThat Differentiate Supraventricular
from Ventricular Arrhythmias

ELECTROCARDIOGRAPHIC SUPRAVENTRICULAR VENTRICULAR
FEATURE ARRHYTHMIA ARRHYTHMIA
Size of QRS complex Narrow Wide
Premature complex has Yes No

similar appearance to
a sinus beat

P waves are associated Yes No
with the QRS complex
Fusion beats are present No Yes

Sinus Arrhythmia

Definition

I. Sinus arrhythmia is a physiological, autonomically mediated
cyclical change in sinus rate.
II. The P-P intervals are irregular from fluctuations in
autonomic tone that result in phasic changes in the rate of
SA node discharge.
III. Sinus arrhythmia is normal in the dog and abnormal in
the cat.

Causes

I. Respiratory sinus arrhythmia: fluctuation associated with
respiration
II. Nonrespiratory sinus arrhythmia
A. Cyclic change in P-P interval is independent of respi-
ration and arises from increased vagal tone.
B. Causes include respiratory, central nervous system
(CNS), increased intracranial pressure, ocular, and
gastrointestinal (GI) diseases.

Pathophysiology

I. Respiratory sinus arrhythmia

A.

B.

C.

SA node discharge rate is regulated by the autonomic
nervous system.

Inspiration decreases vagal tone and increases sympa-
thetic tone, resulting in an increased heart rate.

On expiration, vagal tone increases and sympathetic
tone decreases, resulting in a decreased heart rate.

II. Nonrespiratory sinus arrhythmia

A.

B.

Autonomic influences can also cause sinus arrhythmia
independent of respiration.

Diseases most commonly associated with high vagal
tone include respiratory, CNS, and GI disorders.

Clinical Signs

I. Respiratory sinus arrhythmia does not cause clinical
signs.

II. In nonrespiratory sinus arrhythmia, clinical signs are
usually related to the underlying disease.

Diagnosis

I. Physical examination findings

A.
B.
C.

Slow to normal heart rate

Irregular heart rhythm that varies with respiration
Normal pulse strength; may vary in intensity (based on
R-R interval)

II. ECG characteristics (Figure 6-4)

A. Heart rate is normal to slow (usually <140 beats per
minute [bpm] in the dog).

B. Variability in P-P interval is >10%.

C. P wave morphology is normal, and every P wave is
followed by a QRS complex.

D. A wandering pacemaker is often seen (see Figure 6-4).

E. QRS complexes are normal in appearance.

Differential Diagnosis

I. Slow AF: no P waves, irregularly irregular rhythm
II. Sick sinus syndrome: longer pauses between sinus beats
III. Atrial premature contractions: may interrupt a sinus rhythm
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FIGURE 6-4 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) example of sinus arrhythmia. A wandering pacemaker is demonstrated by the

variable amplitude of the P wave.

Treatment

L. Sinus arrhythmia does not warrant specific therapy.
II. Specific treatment is directed toward the underlying etiology.

#Y SUPRAVENTRICULAR
ARRHYTHMIAS

Atrial Premature Contractions

Definition and Causes

I. Atrial premature contractions (APCs) originate in the atria
in a location other than the SA node.

II. They often indicate underlying cardiac pathology, partic-
ularly atrial enlargement (chronic valvular disease, cardio-
myopathy, congenital heart disease).

I11. Noncardiac causes include electrolyte abnormalities, sepsis,
and organ failure (e.g., liver, kidney, pancreatitis).

Pathophysiology

I. The prematurity of the APC leads to an instantaneous
decrease in stroke volume and ventricular filling.
II. A single APC is not hemodynamically significant.

Clinical Signs

I. Clinical signs are not observed with single APCs.
II. Clinical signs are observed (syncope, lethargy) if APCs
progress to SVT.

Diagnosis
L. Physical examination findings
A. Auscultation often reveals an irregular heart beat.
B. A pulse deficit may be detected.
II. ECG characteristics

A. QRS morphology looks similar to a normal sinus
impulse.

B. The QRS complex of the APC occurs earlier than
expected, compared with the normal sinus rhythm.

C. P wave morphology often appears different from the
normal sinus P wave.

D. Echocardiography and thoracic radiography are needed
to evaluate underlying structural heart diseases and for
presence of heart failure.

Differential Diagnosis
L. Ventricular, premature contraction with a narrow QRS
morphology (originating near the bundle of His)
II. Multiple APCs: atrial tachycardia, atrial fibrillation

Treatment and Monitoring

I. No treatment is necessary for occasional APCs.
II. Appropriate therapy is indicated for underlying heart
disease or failure.
II1. Periodic ECGs or Holter monitoring is needed to assess
the frequency of APCs and the presence of more severe
arrhythmias (e.g., SVT).

Atrial Fibrillation

Definition

1. Atrial fibrillation (AF) is the bombardment of the AV node
with multiple, disorganized atrial impulses.
II. Rapid atrial activation occurs, and the atrial rate can exceed
500 depolarizations per minute.
II1. Abnormal automaticity and reentry are possible electro-
physiological mechanisms that initiate and maintain AE.

Causes and Pathophysiology

I. AF is usually a chronic, permanent arrhythmia associated
with underlying heart disease.

II. It is associated with advanced stages of atrial enlargement
secondary to dilated or hypertrophic cardiomyopathy, or
to volume overload (e.g., chronic AV valve regurgitation,
uncorrected patent ductus arteriosus).

III. Idiopathic AF is diagnosed when no overt cardiovascular

disease or other precipitating illnesses are present.

A. It has low mortality initially.

B. It may be a sign of occult heart disease and can become
clinically significant over time.

C. Occasionally the administration of narcotics has been
associated with the induction of AF in large dogs (Moise
et al., 2005).

Clinical Signs

I. Clinical signs are associated with rapid heart rates, usually
>200 bpm.
II. Signs include exercise intolerance, coughing, weakness, and
syncope.

Diagnosis
I. Physical examination findings

A. Rapid irregular heart rate and heart sounds of variable
intensity

B. Weak pulses of variable intensity and pulse deficits

C. Signs of congestive heart failure (CHF): murmur, gallop
rhythm, harsh lung sounds

II. ECG characteristics (Figure 6-5)

A. QRS complexes are usually narrow and upright in leads

IL, II1, and aVE.
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FIGURE 6-5 Electrocardiogram (Lead II, 25 mm/sec, 10 mm/mV) of atrial fibrillation showing a supraventricular rhythm with variable R-R
intervals (irregularly irregular) and absence of identifiable P waves. An undulating baseline is present between QRS complexes, with small fibrillatory

(f) waves (arrows).

B. The QRS complex can be wide if a bundle branch block
is present.

C. P waves are absent.

D. Atrial activity is represented by fibrillatory (f) waves
of varying amplitudes.

E. Ventricular rhythm is irregular.

E At very rapid rates, the rhythm can appear regular.

Differential Diagnosis

I. Rapid supraventricular arrhythmias with variable AV node
conduction
II. Frequent APCs

Treatment

I. Management depends on the average heart rate.

II. Acquiring a baseline 24-hour Holter recording is ideal for
establishing an accurate average heart rate before initiating
treatment.

III. Medical conversion to a sinus rhythm is very difficult and
rarely achieved in dogs.

IV. Ventricular rate is controlled via slowing of AV node con-
duction with diltiazem =+ digoxin (Table 6-2).

A. Although atenolol has been proposed as a treatment, it
is avoided if significant myocardial failure (e.g., severe,
dilated cardiomyopathy) is present.

B. Diltiazem XR is well-tolerated in dogs with severe,
systolic myocardial dysfunction.

C. Digoxin as a monotherapy rarely controls the ventric-
ular response rate adequately, especially during times
of stress, exercise, or excitement.

V. Electrical cardioversion may be performed under anesthesia.
A. Best results are seen in dogs with mild structural heart

disease or idiopathic AF.

B. The goal of cardioversion is to avoid structural or func-
tional remodeling of the atria from chronic AE.

C. The rate of recurrence is high, and related morbidity
from transthoracic cardioversion (requires general
anesthesia) makes this approach impractical in animals
with significant structural heart disease.

D. Pretreatment with sotalol, amiodarone, and/or angio-
tensin-converting enzyme inhibitors may improve the
chance of cardioversion.

Monitoring of Animal

I. Evaluate heart rate 1 week after initiating treatment.
A. Ideally this includes 24-hour Holter monitoring.
B. Target heart rate is 90 to 120 bpm in dogs and 130 to
150 bpm in cats.

C. If mean heart rate is >140 bpm in dogs, increase the
dose of diltiazem/digoxin by 25% and repeat ECG 5 to
7 days later.

D. Check for bradyarrhythmias (pauses >4 seconds) and,
if present, decrease the dosage of the diltiazem/digoxin
by 25%.

II. Measure serum digoxin levels (6 to 8 hours post-pill) 5 to

7 days after starting therapy.

A. Ideallevel is 1 to 2 ng/mL.

B. Lower serum levels (0.6 to 0.8 ng/mL) may successfully
control heart rate in some dogs.

Atrial Flutter

Definition and Causes

I. Atrial flutter is a form of reentry tachycardia that utilizes
the anatomy of the right atrium to sustain a loop of
continuous depolarization.

II. The causes are the same as for AE
A. Anything that causes atrial enlargement can predispose
to this arrhythmia.
B. Itis uncommon in dogs and cats.

III. Atrial flutter can predispose to AF owing to the electric
remodeling that occurs with continuous, rapid activation
of the atrial myocardium.

IV. It is unknown if animals undergo a phase of atrial flutter
before developing permanent, chronic AE

Clinical Signs

I. Clinical signs are those associated with rapid heart rates.
II. Signs include exercise intolerance, coughing, weakness, and
syncope.

Diagnosis
I. Physical examination findings: similar to AF
II. ECG characteristics (Figure 6-6)
A. Rapid rhythm, which may be regular or irregular
B. Sawtooth undulation of the baseline (flutter waves)
C. Atrial rate usually >300 bpm
D. Supraventricular appearance of QRS complexes

Differential Diagnosis

I. Rapid ectopic atrial tachycardia with 1:1 conduction is
indistinguishable from atrial flutter.
A. One-to-one conduction may be lethal.
B. Ectopic atrial tachycardia with variable AV conduction
appears similar, but the atrial rate is slower (200 to
250 bpm).
II. AF with course fibrillatory waves may appear similar.
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Drugs Used for Supraventricular Arrhythmias

DRUG (BRAND NAME)

PER 0S ADMINISTRATION

INTRAVENOUS ADMINISTRATION

INDICATION

Diltiazem XR (Dilacor-XR)

Diltiazem (Cardizem,
Cardazem-CD)

Atenolol (Tenormin)

Esmolol (Brevibloc)

Sotalol (Betapace)

Digoxin (Lanoxin)

Procainamide (Procain)

Amiodarone (Cordarone)

Lidocaine

Dog: 3-4 mg/kg BID
Cat: 30-60 mg SID-BID (start with
30 mg SID)
Dog: 0.5 mg/kg TID titrated to
maximum dose of 1.5-2 mg/kg TID
Cat: 10 mg/kg SID (Cardazem-CD)
Dog: 0.25-1 mg/kg SID-BID
Cat: 6.25-12.5 mg SID-BID
NA

Dog: 1-2.5 mg/kg BID

Cat: 10 mg BID

Dog: 0.005 mg/kg BID
Maximum dose for Doberman
pinschers is 0.25 mg BID

Cat: 0.31 mg q 3 days

Dog: 10-20 mg/kg TID-QID

Cat: 2-5 mg/kg BID-TID

Dog: 10 mg/kg BID for 1 week
(anecdotal loading dose) and
5 mg/kg SID (anecdotal
maintenance dose)

NA

NA

Dog: 0.1-0.2 mg/kg bolus,
then CRI at 2-6 g/kg/min

NA

Dog, cat: 50-100 pg/kg bolus,
repeated up to maximum
500 ng/kg or CRI of
50-200 pg/kg/min

NA

NA

Dog: 10-15 mg/kg IV bolus
slowly over 2 minutes or
CRI of 25-50 pg/kg/min

Dog: 5-10 mg/kg IV bolus
(anecdotal dose)

Dog: 2 mg/kg IV bolus,
repeated if needed

Cat: 0.25-1 mg/kg IV bolus
(use with extreme caution)

Atrial fibrillation, flutter,
tachycardia

OAVRT

Acute atrial fibrillation or
flutter

OAVRT

Atrial flutter or tachycardia

OAVRT

Acute atrial fibrillation,
flutter or tachycardia

OAVRT

Atrial fibrillation, flutter or
tachycardia
Atrial fibrillation

Atrial tachycardia

Tachycardia via accessory
pathway

Atrial fibrillation and
tachycardia

Atrial fibrillation secondary
to narcotics

NA, Not available; OAVRT, orthodromic atrial reciprocating tachycardia; CRI, constant rate infusion.

FIGURE 6-6 Electrocardiogram (Lead I, 25 mm/sec, 10 mm/mV) of atrial flutter demonstrating a sawtooth pattern of atrial flutter waves (arrows).

Atrial flutter waves are characterized by the absence of isoelectric diastolic intervals (no return to a smooth baseline) between atrial activations.

Treatment

I. A baseline 24-hour Holter tracing is recommended to

III. Attempts to abolish atrial flutter with drugs are often

unsuccessful.

IV. Control of ventricular rates by slowing conduction through
the AV node with calcium channel or beta blockers is often
effective in dogs.

A. Diltiazem XR is initially given at 3 mg/kg PO BID then
titrated based on the ventricular rate.

B. If the heart rate is consistently >150 bpm, increase the
diltiazem to 4 mg/kg PO BID.

determine if the arrhythmia is paroxysmal or chronic.
A. If the arrythmia is chronic, drug therapy is indicated
(see Table 6-2).
B. If it is paroxysmal and infrequent, treatment may be
postponed with reevaluation 3 to 6 months later.
II. Therapy is aimed at suppressing the atrial reentry circuit
by using sotalol, amiodarone, or procainamide.



C. Alternatively, atenolol is started at 1 mg/kg PO BID,
but must be used with caution if systolic function is
impaired.

D. Digoxin monotherapy is usually ineffective in con-
trolling the fast heart rate.

Monitoring of Animal

I. Evaluate the heart rate 1 week after initiating treatment,
preferably via Holter monitoring or ECG.

II. Goal of therapy is to maintain the ventricular rate at
<150 bpm.

Atrial Tachycardia

Definition

I. Atrial tachycardia (AT) occurs when localized regions in
the atria (other than the sinus or AV node) develop the
ability to fire rapidly (abnormal automaticity).

II. Clinically significant arrhythmia occurs with heart rates
>180 bpm in the dog and >240 bpm in the cat.

III. AT differs from APCs primarily in that AT is sustained.

Causes and Pathophysiology

I. Causes can be the same as for AF.
II. AT may also occur in animals with no obvious cardiac
or systemic abnormalities.
II1. Untreated, chronic AT can lead to myocardial dysfunction
(tachycardia-induced cardiomyopathy).

Clinical Signs

I. Clinical signs (exercise intolerance, panting, coughing,
weakness, syncope) depend on the heart rate, duration of
arrhythmia, and cardiac function.

A. Chronically sustained heart rates >180 bpm (dogs) or
>240 bpm (cats) often cause clinical signs and deterio-
ration of myocardial function.

B. With lower rates or sporadic AT, no clinical signs may
be noted.

II. Signs of CHF may be present, including exercise intoler-
ance, coughing, weakness, dyspnea, and syncope.

Diagnosis
I. Physical examination findings

A. A rapid heart rate is ausculted and may be regular or
irregular, depending on AV node conduction.

B. Signs of CHF may be present.

II. ECG characteristics (Figure 6-7)

A. Ectopic P waves are different in morphology from sinus

P waves.
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B. Arrhythmias caused by abnormal automaticity usually
show gradual acceleration and deceleration (warm-up
and cool-down phenomena).

C. Atrial rate is usually >180 bpm in dogs.

D. Usually, QRS complexes are narrow and upright.

1. Tachycardia may cause a functional bundle branch
block, whereas the QRS complexes are wide but are
associated with a P wave.

2. In rapid tachycardia, a P wave may be buried in the
preceding T wave and not visible.

3. The ventricular rhythm is irregular when there is
physiological second-degree AV block (the atrial rate
is so rapid that not every atrial beat is conducted to
the ventricles).

Differential Diagnosis

L. Atrial flutter, AF
II. AV junctional tachycardia
I11. Sinus tachycardia
IV. Ventricular tachycardia
A. AT with bundle branch block appears similar to VT.
B. Visualization of a P wave associated with a wide QRS
complex confirms a bundle branch block.
C. VT is often suppressed by IV lidocaine, but AT with
bundle branch block is not.

Treatment

I. Suppression of the rapidly firing atrial focus is attempted

with sotalol, amiodarone, or procainamide (see Table 6-2).

II. Amiodarone must be used with caution because of its

side effects, which include hepatic toxicity, GI disturbances,
and blood dyscrasias in dogs.

III. If AT cannot be terminated with these drugs, a secondary
goal is to control the ventricular rate with calcium channel
blockers, beta blockers, or digoxin (see Table 6-2).

IV. The goal of therapy is to maintain a ventricular rate
<150 bpm.

Monitoring of Animal

I. Evaluate heart rate 1 week after initiating treatment, with
Holter monitoring or ECG.

II. If amiodarone is used, periodic complete blood counts
and serum biochemistries are performed to monitor for
blood dyscrasias and elevated hepatic enzymes.

III. Measure serum digoxin levels (6 to 8 hours post-pill)
1 week after starting digoxin.

A. Target range is 0.7 to 2 ng/mL.
B. Decrease the digoxin dose by 50% if amiodarone is
given concurrently.

FIGURE 6-7 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of atrial tachycardia displaying a rapid supraventricular rhythm, with P waves
(P) superimposed on the ST segment of the preceding QRS complex. R, R wave; T, T wave.
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C. High digoxin levels (>2 ng/mL) may cause inappetence,
lethargy, GI signs, and may potentiate arrhythmias.
Repeat an echocardiogram in 2 to 3 months to assess

cardiac function in animals with myocardial failure.
Tachycardia-induced cardiomyopathy may improve with
control of the heart rate, and systolic function may nor-
malize over several weeks.

Atrioventricular Reentrant Tachycardia

Definition and Causes

L.

1L

III.

IV.

Atrioventricular reciprocating tachycardia travels a circuit
through the AV node and an accessory pathway (that can
conduct impulses from the atria to the ventricles directly),
and bypasses the AV node and the His Purkinje system.
During typical orthodromic AV reciprocating tachycardia
(OAVRT), electrical activity proceeds from the atria to the
ventricles through the AV node and then moves back up to
the atria in a retrograde direction via the accessory pathway
(bypass tract).

An accessory pathway can behave like a two-way street for

electrical conduction.

During early activation of the ventricle via the accessory

pathway (if it conducts in an antegrade direction), a delta

wave may be seen on the ECG.

A. Antegrade conduction is uncommon in the dog.

B. Accessory pathways are embryonic, muscular remnants
that allow conduction from the atria to the ventricles
and bypass the normal pathway of activation.

C. Labrador retrievers with tricuspid valve dysplasia occa-
sionally have accessory pathways and OAVRT.

Clinical Signs

L.

1L

III.

IV.

Clinical signs depend on the heart rate and duration of the
abnormal rhythm.

Clinical signs are associated with rapid heart rates and in-
clude exercise intolerance, coughing, weakness, and syncope
(rarely).

AV reciprocating tachycardia can be paroxysmal, and the
animal may be asymptomatic.

Signs of CHF may be present, such as cough, exercise
intolerance, weak and rapid pulses, harsh lung sounds from
pulmonary edema, and syncope (potentially).

Diagnosis

L.

Physical examination findings
A. Rapid heart rate may be ausculted.
B. Signs of CHF may be present.

1L

C. A right apical holosystolic murmur may be detected in
Labrador retrievers with tricuspid valve dysplasia and
OAVRT.

ECG characteristics

A. A short PR interval may be seen if antegrade conduc-
tion occurs (Figure 6-8).

B. A delta wave, with slurring and notching of the QRS
complex, may be detected (ventricular pre-excitation).

C. In OAVRT, QRS complexes are narrow and the retro-
grade P wave (negative P wave) may be embedded into
the early portion of the T wave.

D. One-to-one AV association is a requisite of atrio-
ventricular reciprocating tachycardia because the atria
and ventricles are both integral parts of the arrhythmia
circuit.

Differential Diagnosis

L.

1L

Wide QRS tachycardia

A. QRS complexes are wide and bizarre, but the arrhyth-
mia originates in the atria.

B. This term is used when differentiation between ST with

aberrancy and VT cannot be made.
VT

Treatment

L.

1L

III.

IV.

V.

Treatments of choice are oral diltiazem or atenolol (see
Table 6-2).

For acute management, IV diltiazem or esmolol is often
effective.

For refractory cases, sotalol, procainamide, or amiodarone
may be added; however, do not combine sotalol with
atenolol.

For dogs that do not adequately respond to medications
(persistent tachycardia), transvenous catheter ablation of
the accessory pathway using radiofrequency energy can be
attempted.

Ventricular preexcitation without accompanying SVT re-
quires no therapy.

Monitoring of Animal

L.

1L

Heart rate and presence of SVT are periodically assessed

by Holter monitoring or ECG.

If ventricular response rate is >150 bpm, do the following:

A. If using monotherapy, increase drug dosage to the
maximum tolerated dose.

B. Consider switching to another antiarrhythmic drug.

C. Combination therapy may be needed (e.g., sotalol,
procainamide).

T

FIGURE 6-8 Electrocardiogram (Leads I and II, 50 mm/sec, 10 mm/mV) of ventricular preexcitation showing a sinus rhythm, with a short PR
interval and wide QRS complexes that have a distinct notch in the upstroke of the R wave (delta wave, arrows). The delta wave is evidence of early
activation of the ventricle via an accessory pathway.



III. Control of the arrhythmia usually eliminates the clinical
signs.

IV. Ventricular preexcitation is permanent but does not appear
to be progressive.

®Y BRADYARRHYTHMIAS/
CONDUCTION DISTURBANCES

Sinus Bradycardia

Definition

I. Sinus bradycardia is a sinus rhythm in which the SA node
discharge rate is low (<60 bpm in an awake dog, <120 bpm
in cats).

II. Sinus bradycardia of 45 to 60 bpm during sleep is normal.
III. Pathologic bradycardia often persists during excitement or
exercise.
IV. Sinus bradycardia may occur as a pronounced sinus
arrhythmia or a regular sinus bradycardia.

Causes and Pathophysiology

I. Sinus bradycardia may occur as a primary disorder.
II. It may arise secondarily.
A. Drug toxicity: narcotics, overdose of beta blockers,
calcium channel blockers or digoxin
B. Excessive vagal tone from a systemic disease: CNS,
ocular, respiratory, or GI diseases, head trauma
C. Metabolic disorders: hyperkalemia, hypothyroidism,
hypothermia
III. Chronic, severe bradycardia may lead to left-sided volume
overload and subsequent CHE.
IV. It may exacerbate ventricular volume overload of other
cardiac diseases (e.g., myxomatous AV valvular disease).

Clinical Signs

I. Clinical signs may be absent, or dogs may display weakness,
exercise intolerance, or syncope.
II. Mild exercise intolerance is often underrecognized by
owners.
III. Concurrent signs of CHF (coughing, lethargy, inappetence)
may be present if heart rate has been slow for several
months.

Diagnosis
I. Physical examination findings
A. Findings may be unremarkable, except for a slow heart
rate.
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B. A soft, left apical holosystolic murmur may be present
if there is functional (secondary) mitral regurgitation
from left ventricular enlargement.

II. ECG characteristics (Figure 6-9)

A. Sinus rhythm with upright P waves in leads II, III and
aVF

B. Normal, upright, narrow QRS complexes, unless con-
current conduction disorder present

C. Slow sinus discharge rate: <60 bpm in dogs; <120 bpm
in cats

D. + Escape beats from AV node or ventricular Purkinje
fibers

Differential Diagnosis

I. Marked sinus arrhythmia
II. Sick sinus syndrome

Treatment

I. The decision to treat a sinus bradycardia is based on clinical
signs and the degree of bradycardia present.
II. Sinus bradycardia often requires no therapy.

II1. In animals with syncope or episodic weakness, pacemaker
insertion is indicated, even if the underlying disease may
be curable.

IV. If pacemaker therapy is not an option, medical therapy is
aimed at abolishing the increased vagal tone.

A. An atropine response test helps identify animals that
may benefit from medical management.

B. Following injection of atropine (0.01 to 0.04 mg/kg
IM, 1V), the heart rate should increase by 50% to 100%
within 5 to 10 minutes (initial transient AV block is
normal).

C. Animals experiencing at least a partial response to
atropine may be candidates for medical management.

D. Treatment options include the following:

1. Vagolytic drugs: propantheline bromide 0.25 to
0.5 mg/kg PO BID

2. Sympathomimetics: albuterol 0.02 to 0.05 mg/kg
PO BID to TID or terbutaline 0.2 mg/kg PO BID to
TID

3. Phosphodiesterase inhibitors: theophylline 20 mg/
kg PO BID

4. Disadvantages: erratic or poor efficacy, adverse effects
(anxiety, excessive panting, anorexia, GI signs)

E. Other agents may be tried in emergency situations, but
they may initiate other arrhythmias.

1. Dogs, cats: epinephrine 0.05 to 0.2 mg IV

FIGURE 6-9 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of sinus bradycardia showing a regular, slow sinus rhythm.
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2. Dogs, cats: dopamine 1 to 3 pg/kg/min IV as a con-
stant rate infusion (CRI)

3. Dogs: dobutamine 5 to 20 pg/kg/min IV CRI

Cats: dobutamine 2 to 5 pg/kg/min IV CRI

5. Dogs, cats: isoproterenol 0.01 to 0.2 ug/kg/min IV
CRI

b

Monitoring of Animal

I. With medical therapy, 24-hour Holter monitoring is done
to determine whether the heart rate has increased to an
acceptable level (>70 bpm) and whether it increases during
exercise.

II. Alternatively, an ECG is used to monitor response to
therapy.

III. Pacemaker implantation usually requires long-term moni-
toring of battery life and function.

A. The pacemaker is usually set at a fixed rate for 1 month,
which allows the owner to easily assess the heart rate
at home; it is then changed to a rate-responsive mode.

B. Reevaluations are done at 3, 6, and 12 months for the
first year, and then once or twice yearly.

IV. Prognosis after pacemaker implantation is excellent, with
most animals living years after implantation; however,
ventricular function may worsen with time (after long
periods of ventricular pacing).

Sick Sinus Syndrome

Definition and Causes

L. Sick sinus syndrome (SSS) is a disease in which spontaneous
SA node discharge is either slower than normal (primary
sinus bradycardia) or intermittently absent (sinus arrest).

I1. Subsidiary pacemaker tissue (AV node, Purkinje fibers) is
usually also abnormal, resulting in inadequate escape beats
so that asystole (pauses) can be >6 seconds.

III. SSSoccurs primarily in small-breed dogs, such as the minia-
ture schnauzer, American cocker spaniel, West Highland
white terrier, and dachshund.

IV. Doberman pinschers and boxers may have syncope asso-
ciated with long sinus pauses, suggestive of SSS.

V. The underlying cause is unknown, but it may be asso-
ciated with fibrous replacement of the SA node.

Clinical Signs

I. Clinical signs include exercise intolerance, lethargy, and
syncope.

II. Dogs with primary sinus bradycardia may show only mild

exercise intolerance, which is often unrecognized by owners.

Diagnosis
I. Because of the intermittent nature of the sinus pause,
Holter monitoring or use of an event monitor may be
necessary to definitively identify SSS.
II. Definitive diagnosis requires documentation of SA node
dysfunction with clinical signs of SSS.
II1. Periods of bradycardia or asystole followed by paroxysms
of SVT are typical (Figure 6-10).

Differential Diagnosis

L. Sinus bradycardia
II. Sinus arrest

Treatment

I. Pacemaker insertion is the treatment of choice for syncopal
or lethargic animals, because medical management is rarely
a long-term solution.

II. Some cases have supraventricular tachyarrhythmias (atrial
tachycardia, flutter, or fibrillation) in addition to the sinus
pauses, so antiarrhythmic therapy also may be needed.

III. Insert a pacemaker before initiation of antiarrhythmic
therapy (diltiazem, atenolol, or sotalol) for SVT.

Monitoring of Animal

I. Monitoring is similar to that for sinus bradycardia.
II. If a pacemaker is implanted, periodic examinations are
necessary.
II1. Most animals respond well to pacing with the resolution of
clinical signs and improved energy.

Atrial Standstill (Asystole)

Definition and Causes

I. Atrial standstill is a lack of ECG evidence of atrial de-
polarization (no P waves are visible on the ECG).
II. Two main reasons exist for atrial standstill.

A. Hyperkalemia: urethral obstruction, hypoaldosteron-
ism, reperfusion syndrome in arterial thromboembolic
disease

B. Primary atrial muscle disease: neoplasia, atrial myopa-
thy, scapulohumeral muscular dystrophy of English
springer spaniels (Miller et al., 1992; Smith, 1997;
Buchanan, 2005).

Clinical Signs

I. Weakness, lethargy, and/or syncope
II. Signs relating to low cardiac output and CHF
A. Lethargy, coughing, syncope, possible abdominal dis-
tension from ascites

FIGURE 6-10 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of sick sinus syndrome illustrating an abrupt pause in electrical activity (sinus
arrest). A junctional escape beat (narrow QRS) has a P wave (arrow) appearing in the ST segment.



B. Occur with significant bradycardia (<50 bpm)

III. Signs related to neuromuscular disease in English springer
spaniels with scapulohumeral muscular dystrophy (Miller
etal., 1992)

Diagnosis
I. Physical examination findings: slow, irregular heart rate
II. ECG abnormalities (Figure 6-11)

A. P waves are absent.

B. The escape rhythm may be junctional (60 to 80 bpm,
narrow QRS) or ventricular (20 to 40 bpm, wide QRS)
in origin.

C. If associated with hyperkalemia, tall T waves and wide,
bizarre QRS complexes may occur.

Treatment

I. If hyperkalemia is documented, IV fluids are required to
lower potassium via dilution and increased excretion.
A. Acceptable fluids include 0.9% saline, 0.45% saline
with 2.5% dextrose, or 5% dextrose in water.
B. Dextrose increases insulin secretion, which drives
potassium into the cells.

II. Regular insulin (0.5 U/kg) may be given with 50% dextrose
(2 g/U insulin) by slow IV infusion, followed by monitoring
for hypoglycemia.

III. Calcium gluconate 10% (0.5 mL/kg IV very slowly) may be
given to make more cardiac sodium channels available for
activation.

IV. Correction of the underlying disease process is also
important.

V. Pacemaker implantation is required for atrial muscle
diseases.

Monitoring of Animal

I. Hyperkalemia-induced atrial standstill requires repeated
monitoring of potassium levels.

II. If atrial muscle disease is present, the prognosis is guarded
as the myopathy may progress to CHEF, and despite pace-
maker therapy the underlying disease often worsens within
several months.

Atrioventricular Conduction Abnormalities

Definition

I. These abnormalities arise from prolonged or complete
failure of conduction between the atria and ventricles via
the AV node.
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II. First-degree AV block is prolongation of conduction
through the AV node that results in a PR interval of
2 0.13 seconds in the dog and = 0.1 seconds in the cat.

III. Second-degree AV block has morphologically normal P
waves and QRS complexes, and a constant PR interval, but
intermittently a P wave is not followed by a QRS complex.
A. Mobitz type I (Wenckebach): PR interval gradually

increases until a dropped ventricular beat occurs.
B. Mobitz type II
1. A fixed PR interval is present until a nonconducted
P wave occurs.
2. It is a more advanced degree of block that often
occurs in the AV junction or His bundle.
C. High-grade, second-degree AV block
1. There are more than two P waves for each QRS
complex.
2. There is a fixed PR interval of the conducted P waves.
3. This type of block indicates severe AV disease.

IV. In third-degree (complete) AV block, none of the P waves
conduct through the AV node.

A. Atrial and ventricular activities are independent of each
other.
B. There is no consistent PR interval.

Causes and Pathophysiology

I. The exact cause of AV block is undetermined in most cases.

A. Neoplastic and infectious causes have been implicated.

B. Lyme myocarditis has been reported as a cause in a dog
(Levy and Duray, 1988).

C. Systemic diseases that cause hyperkalemia (e.g., hypo-
adrenocorticism, urethral obstruction) may induce AV
block that is reversible with normalization of potassium
levels.

D. Drugs, such as beta-blockers, calcium channel blockers,
and digoxin, may depress AV conduction.

II. Complete AV block is often a primary abnormality of the

AV node.

III. Prolonged bradycardia can lead to volume overload and
subsequent CHFE.

Clinical Signs

I. Clinical signs depend on the type and severity of AV block.
II. First-degree AV block is an incidental finding on the ECG
and does not cause symptoms.
III. With second-degree AV block, animals are usually asympto-
matic; however, syncope and lethargy can occur with slow
heart rates (<40 to 50 bpm).
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FIGURE 6-11 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of atrial standstill, with the characteristic absence of P waves and a slow

ventricular escape rhythm.
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With high-grade, second-degree, or third-degree AV block,
lethargy, exercise intolerance, collapse, and syncope are
common.

Diagnosis

L.
II.

II1.

Iv.

ECG is required for definitive diagnosis.

First-degree AV block is characterized by a PR interval
>0.13 second, and normal P waves and QRS complexes that
occur at a 1:1 ratio (Figure 6-12).

With second-degree AV block P waves and QRS complexes
are normal, but P waves are not always followed by QRS
complexes (Figure 6-13).

Complete AV block is characterized by the following
(Figure 6-14):

A. The atrial and ventricular rates are unrelated to each
other, with P waves dissociated from the QRS com-
plexes.

B. The atrial rate is faster than the ventricular rate.

C. If the ventricular rate is faster than the atrial rate, AV
dissociation is present (not AV block).

D. The rhythm is usually regular.

E. Escape beats may arise from subsidiary pacemakers

(AV node, bundle of His below the site of AV block,

Purkinje fibers, etc.).

1. AV nodal escape beats have a narrow, upright QRS
morphology (supraventricular), and their rate is
usually 40 to 60 bpm in dogs, and 80 to 120 bpm
in cats.

2. Ventricular escape beats have wide, bizarre QRS
complexes and are usually slower (30 to 50 bpm) in
the dog.

Differential Diagnosis

L

II.

Third-degree AV block must be differentiated from AV
dissociation (frequency of the ventricular rhythm exceeds
that of the atrial rhythm).

Ventricular premature complexes or idioventricular rhythms
must be differentiated from third-degree AV block with
ventricular escape beats, as suppression of any ventricular
escape rhythm could be lethal.

Treatment

L.
II.

First-degree AV block requires no treatment.
Second-degree AV block may or may not require treatment.
A. An atropine challenge test is performed (see Sinus
Bradycardia) to assess whether vagal tone is contribut-
ing to the AV block and to identify animals that may be
candidates for medical therapy.

High-grade, second-degree AV block usually requires a
pacemaker.

Pacemaker therapy is indicated if clinical signs are
observed.

Medical management can be attempted similar to sinus
bradycardia, but the efficacy of medical therapy is often
erratic and short-lived.

I11. Complete AV block requires pacemaker implantation.
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FIGURE 6-12 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of first-degree atrioventricular (AV) block showing a prolonged PR interval
(0.18 to 0.22 sec), which indicates slowed conduction through the AV node.

FIGURE 6-13 Electrocardiogram (Lead II, 25 mm/sec, 10 mm/mV) of second-degree atrioventricular (AV) block, which is intermittent conduction
through the AV node. P waves (arrows) may or may not (*) be conducted.
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FIGURE 6-14 Electrocardiogram (Leads II and III, 50 mm/sec, 10 mm/mV) of third-degree atrioventricular (AV) block depicting a regular sinus
node discharge rate, and no association between P waves (straight arrows) and the QRS complexes. An AV nodal escape beat results in a narrow QRS
complex (angled arrow). T, T wave.



IV. Ventricular antiarrhythmic therapy (lidocaine) or negative
chronotropic antiarrhythmic drugs (beta blockers, calcium
channel blockers, and digoxin) are contraindicated in
third-degree AV block before pacemaker implantation, as
they may be lethal.

Monitoring of Animal

I. Monitoring is similar to that for sinus bradycardia.

II. First- or second-degree AV block may progress to third-
degree block.

III. Sudden death may occur in dogs with third-degree block.

IV. Third-degree block in cats does not appear to be as life-
threatening, and cats with collapsing episodes may live
for >1 year without pacemaker implantation (Kellum and
Stepien, 2006).

BY VENTRICULAR ARRHYTHMIAS

Ventricular Premature Contractions/
Tachycardia

Definition

I. Ventricular arrhythmias are abnormal depolarizations that
originate from any location in the ventricle.
II. Three or more ventricular premature contractions (VPC)
in succession is termed V7.

1. Accelerated idioventricular arrhythmia is a VT of slower
rates (60 to 160 bpm) and does not cause significant hemo-
dynamic abnormalities.

IV. Breed-specific ventricular arrhythmias occur in the boxer,
Doberman pinscher, and German shepherd dog.

A. Boxers with cardiomyopathy may develop ventricular
arrhythmias at 4 to 6 years of age that often increase
in frequency and severity over time.

B. Doberman pinschers with dilated cardiomyopathy
typically develop arrhythmias at 3 to 6 years of life,
and their frequency and severity usually increase with
time.

C. The German shepherd dog may develop ventricular
arrhythmias at 12 to 16 weeks of age.

1. Frequency and severity often increase until 24 to
30 weeks of age.

2. Some dogs remain severely affected, whereas others
have a progressive decline in the frequency of the
arrhythmias.

Causes

I. Cardiomyopathies are a common cause.
A. Cardiomyopathy in the boxer and Doberman pinscher
are inherited as autosomal dominant traits.
B. The disease in German shepherd dogs has a polygenic
mode of inheritance.

II. Dogs with congenital heart diseases (severe subaortic or
pulmonic stenosis) are predisposed to develop ventricular
arrhythmias, possibly from abnormal myocardial perfusion
and fibrosis.

III. Other causes include the following:
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A. Chronic valvular disease
Trauma: traumatic myocarditis
C. Gastric dilatation-volvulus, certain surgeries (e.g.,
splenectomy)
D. Pancreatitis, hyperthyroidism (cats), sepsis and other
systemic diseases
E. Severe electrolyte abnormalities: hypokalemia, hyper-
kalemia, hypercalcemia, hypomagnesemia
E Drugs: digoxin, tricyclic antidepressants, opioids, anti-
arrhythmic agents
G. Neoplasia: cardiac and other
IV. In many cases, the cause is not identified (idiopathic).

&

Pathophysiology

I. Rapid VT (>180 bpm in the dog, >250 bpm in the cat)
reduces cardiac output and blood pressure.
II. VT is potentially life-threatening because it may degenerate
into ventricular fibrillation, resulting in sudden death.

Clinical Signs

I. Clinical signs vary depending on the number of VPCs, and
the rate and duration of VT.

A. Single VPCs cause no clinical signs.

B. Rapid VT is associated with syncope, weakness, or
sudden death.

C. The animal may be asymptomatic if VT is not sus-
tained (<30 seconds).

D. Intermittent rapid breathing may coincide with rapid
VT.

II. Clinical signs of CHF may be present.
III. In boxers syncope is often the first sign observed, especially
during exercise, stress, or excitement.

A. The boxer may tolerate multiple collapsing episodes
before sudden death, whereas the Doberman pinscher
may die suddenly during the first syncopal event.

B. The incidence of sudden death in the Doberman
pinscher before onset of CHF is between 30% to 50%
(Calvert et al., 2000; Calvert and Wall, 2001).

Diagnosis
I. Physical examination findings

A. Irregular cardiac rhythm, with variable intensity of
heart sounds

B. Variable pulse intensity with pulse deficits

C. *Signs of CHF or underlying systemic diseases

II. ECG characteristics (Figures 6-15, 6-16, and 6-17)

A. QRS complexes are wide and abnormal in shape.

B. No P wave is associated with the QRS complex.

C. AV dissociation is common.

D. Fusion beats are common and are characterized by a
short PR interval and an intermediate QRS morphology
(similar in shape to ectopic ventricular complex and
the normal QRS).

E. Normal, upright QRS complexes may occur if the
arrhythmia originates near the septum, but the QRS
duration is prolonged.

E Initial direction of the QRS complex is different from
anormal QRS.
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FIGURE 6-15 Electrocardiogram (Leads II and III, 25 mm/sec 10 mm/mV) of ventricular tachycardia showing rapid runs of ventricular complexes
separated by five normal sinus beats. The arrow points to an occurrence of R on T phenomenon.
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FIGURE 6-16 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) displaying multiple, consecutive ventricular premature beats (V, under
bracket) that convert to a sinus rhythm (N) after a fusion beat (F).

FIGURE 6-17 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of single ventricular premature contractions (VPCs) that appear immediately
after a normal sinus beat, which is termed ventricular bigeminy (VB).

G.

H.

Affected boxers have QRS complexes that are positive in
leads II, IIT, and aVF (Kraus et al., 2002; see Figure 6-15).
Affected Doberman pinschers have QRS complexes
with monomorphic and polymorphic characteristics.
Wide, bizarre T waves often have opposite polarity to
QRS complexes.

Ventricular couplets, polymorphic complexes, R on T
phenomenon (T wave embedded in R wave and not
visible; see Figure 6-15), and VT are considered high-
grade, more severe arrhythmias.

Differential Diagnosis
I. Supraventricular tachycardias (e.g., AF) with bundle branch
block
II. APCs with aberrant conduction
II1. Ventricular or AV nodal escape beats

Treatment

1. Treatment of VPCs
A. Deciding when to treat VPCs is difficult because not
all affected animals are at risk for sudden death.
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Drugs Used for Ventricular Arrhythmias

DRUG (BRAND NAME) PER 0S ADMINISTRATION INTRAVENOUS ADMINISTRATION INDICATION

Sotalol (Betapace) Dog, cat: 0.5-2 mg/kg BID NA VT

Mexiletine (Mexitil) Dog: 4-8 mg/kg TID NA VT, but not effective alone
Amiodarone (Cordarone) Dog: 10 mg/kg BID for 1 week  Dog: 5-10 mg/kg (anecdotal dose) ~ Refractory VT

Lidocaine

Procainamide

Atenolol (Tenormin)

Esmolol (Brevibloc)

(anecdotal loading dose)
and 5 mg/kg SID (anecdotal
maintenance dose)

NA

Dog: 10-20 mg/kg TID-QID
Cat: 2-5 mg/kg BID-TID

Dog: 0.25-1 mg/kg SID-BID
Cat: 6.25-12.5 mg SID-BID
NA

Dog: 2 mg/kg IV bolus, repeated

Life-threatening VT

up to 3 times, followed by CRI
of 30-90 pg/kg/min
Cat: 0.25-1 mg/kg IV bolus (used

with extreme caution)
Dog: 10-15 mg/kg IV bolus slowly

Life-threatening VT

over 2 minutes or CRI of
25-50 pg/kg/min

Cat: 1-2 mg/kg IV bolus slowly or
CRI of 10-20 pg/kg/min

NA

Dog, cat: 50-100 ug/kg bolus,

VT; effective only in
combination with mexiletine
Life-threatening VT

repeated to maximum dose of
500 pg/kg or CRI of
50-200 pg/kg/min

NA, Not available; VT, ventricular tachycardia; CRI, constant rate infusion.

B.

D.

Considerations include the frequency and degree of
prematurity and the presence of concurrent underlying
diseases.

The following are suggested guidelines:

1. Unifocal, single VPCs (<30 to 50/hour) probably re-
quire no treatment, even if structural heart disease is
present.

2. More frequent, unifocal, single VPCs (>50/hour)
may require antiarrhythmic treatment, especially if
an underlying heart disease (dilated cardiomyo-
pathy) is present.

3. Unifocal, numerous VPCs (>100/hour) are usually
treated with antiarrhythmic drugs.

4. Multiform VPCs and ventricular couplets in the pres-
ence of structural heart disease are usually treated.

5. Ron T phenomenon is usually treated.

6. If normal blood pressure is not maintained, treat-
ment is initiated.

For specific antiarrhythmic therapy, see Table 6-3 and

Treatment of VT.

II. Acute, life-threatening ventricular arrhythmias in dogs
(Table 6-3)

A.

B.

Administer lidocaine slowly in boluses of 2 mg/kg IV
(up to 8 mg/kg total) until VT converts to sinus rhythm,
then follow with CRI of 30 to 80 ug/kg/min IV.

If lidocaine therapy fails, administer procainamide
slowly in boluses of 2 mg/kg IV (up to 20 mg/kg total)

E.

until VT resolves, then follow with CRI of 20 to 50 pg/
kg/min IV or 8 to 20 mg/kg IM QID.

If no response occurs to either lidocaine or pro-
cainamide, CRIs of both drugs can be combined.

If no response occurs to combined therapy, administer
boluses of esmolol (0.05 to 0.1 mg/kg IV slowly every
5 minutes) to a cumulative dose of 0.5 mg/kg, or as a
CRI of 50 to 200 pg/kg/min IV.

Combination therapy with esmolol and procainamide/
lidocaine may cause significant hypotension.

III. Life-threatening ventricular arrhythmias in cats (see
Table 6-3)
A. They are less common than in dogs.

B.

Use extreme caution when administering lidocaine.

IV. Chronic oral antiarrhythmic therapy in dogs
A. Baseline 24-hour Holter monitoring may be done

before therapy (if not life threatening) to determine the
number of VPCs, their duration and rate, the presence
of episodes of VT, and the presence and length of pauses.
The preferred oral antiarrhythmic drug for VT in most
dogs is sotalol, with the exception of German shepherd
dogs (arrhythmogenic in this breed).
1. In German shepherd dogs, the combination of
mexiletine and sotalol is usually the most effective.
2. If advanced myocardial systolic dysfunction (frac-
tional shortening <15%) is present, sotalol may not
be tolerated because of its beta-blocker effect.
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FIGURE 6-18 Electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) of a slow idioventricular rhythm (V) that is temporarily interrupted by normal

sinus beats (N).

C. Mexiletine in combination with atenolol is also very
effective in boxers (Meurs et al., 2002).

D. For refractory VT, a combination of sotalol and mexil-
etine may be given, with sotalol started first, and
mexiletine added after 2 to 3 days to avoid side effects
(AV block, inappetence).

E. Amiodarone is used as a last resort for refractory VT.

1. In large-breed dogs, 200 mg PO SID is usually well-
tolerated, but 400 mg PO SID consistently causes
toxicity (Kraus et al., 2005).

2. Monitoring of biochemistry panels is recommended
because elevated liver enzymes usually precede the
onset of clinical signs associated with drug toxicity.

3. Amiodarone hepatopathy is reversible with reduc-
tion or discontinuation of the drug (usually within
3 months).

4. Other toxicities include neutropenia, hypothyroid-
ism, and hyperthyroidism.

V. Chronig, oral, antiarrhythmic therapy in cats (see Table 6-3)

Monitoring of Animal

I. Holter recordings are used to evaluate treatment.
A. Adequate treatment involves an 80% reduction in VPCs
and suppression of VT.
B. Presence of couplets, triplets, or multiform VPCs
suggests inadequate therapy.
II. If a Holter monitor is not available, ECG is used to eval-
uate response to therapy.
III. Measurement of plasma drug levels (sotalol, mexiletine,
amiodarone) is indicated if the arrhythmia is not controlled
with standard dosages of these drugs.

Idioventricular Rhythm

Definition and Causes

I. Idioventricular rhythm is characterized by a ventricular
rate that is slow or comparable to a normal sinus rate
(60 to 150 bpm in the dog, >100 bpm in cats).

II. It has many causes.

A. Systemic diseases: anemia, septicemia, splenic hemangio-
sarcoma
B. Drug toxicity: digoxin, anesthetic agents (opioids) that
can slow the SA node discharge rate
C. Electrolyte abnormalities: hypokalemia
III. Enhanced automaticity may be the electrophysiologic
mechanism that causes the arrhythmia.

Clinical Signs

I. Generally, no clinical signs occur.
II. If clinical signs are present, they are often associated with
the underlying illness.

Diagnosis
I. Physical examination findings: irregular cardiac rhythm,
occasional pulse deficits
II. ECG characteristics (Figure 6-18)

A. The ventricular rate usually remains within 10 to
15 bpm of the sinus rate.

B. The cardiac rhythm switches back and forth between
two competing pacemaker sites.

C. The QRS complexes are wide and bizarre.

Differential Diagnosis

I. Supraventricular rhythm with bundle branch block
II. VT with a relatively slow rate

Treatment

I. Idioventricular rhythms usually do not require treatment.

II. Management of the underlying cardiac disease or metabolic
abnormality is needed.

III. If the animal is symptomatic or hemodynamically com-
promised (low blood pressure), increasing the sinus rate
with an anticholinergic drug abolishes the idioventricular
rhythm.

Ventricular Fibrillation

Definition

I. Ventricular fibrillation (VF) is an irregular, chaotic rhythm
of the ventricles in which there is no effective ventricular
contraction.

II. VF is a terminal rhythm if the animal is not successfully
defibrillated.

Causes and Pathophysiology

I. Ventricular tachycardia can degenerate to VE.

II. VF can occur primarily from heart disease or secondary
to systemic disorders, such as shock, hypoxemia, drug
reactions, trauma, and electrolyte disturbances.

III. Dogs with congenital heart diseases that are predisposed
to ventricular arrhythmias (e.g., subaortic and pulmonic
stenosis) may develop VF during exercise.

IV. Electrocution may induce VE
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FIGURE 6-19 In this electrocardiogram (Lead II, 50 mm/sec, 10 mm/mV) ventricular tachycardia (VT) degenerates into ventricular fibrillation
(VF), which is characterized by a low-amplitude, chaotic baseline, and contains no distinct waveforms.

Clinical Signs

I. Within seconds of onset, severe hypotension leads to
collapse.
II. VF often occurs without forewarning.
III. Dyspnea or labored breathing may immediately precede VE
IV. Sudden death is common.

Diagnosis
I. Physical examination findings
A. No auscultable heart beat
B. No palpable pulse
C. Pale mucous membranes, slow or nonexistent capillary
refill time
II. ECG characteristics (Figure 6-19)
A. Chaotic and irregular deflections of varying amplitudes
B. No P waves, QRS complexes, or T waves

Differential Diagnosis

I. ECG artifact
II. Rapid, polymorphic VT

Treatment and Monitoring

I. Immediate electrical defibrillation is the only viable treat-
ment option (see Chapter 7).
II. VF has a grave prognosis if not corrected within 3 minutes
of onset.
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Cardiopulmonary Arrest

Sean Smarick

»Y CARDIOPULMONARY ARREST

Definition
I. Cardiopulmonary arrest (CPA) is a lack of spontaneous
respiration and circulation.
II. In most instances, it is the common pathway preceding
death.

Causes

I. The possible causes are numerous and many of these causes
are potentially reversible.

II. A memory aid suggested by the American Heart Associa-
tion for reversible causes includes the following list of “H”s
and “T”s, and can be adapted to small animals.

Hypovolemia

Hypoxia

Hypoglycemia

H™ (acidosis)

Hyperkalemia

Hypothermia

Tablets (drugs)

Trauma (brain)

Tamponade

Tension pneumothorax

Thromboembolism

ATIFDnOTMEOO®E >

Pathophysiology

I. An underlying disease or insult causes hypoxia or decreases
perfusion and notably affects the coronary and cerebral
circulations.

II. Decreased perfusion results in cell dysfunction or death,
leading to cardiac arrest, neurological impairment, and
whole-body ischemia.

Clinical Signs

L. Collapse
II. Unresponsiveness
III. Lack of chest wall movement or agonal respirations

Diagnosis
L. If any of the clinical signs are noted, confirmation of CPA
is pursued without hesitation, simultaneous to initiating
specific treatment.
II. Physical examination findings of an unconscious and un-
responsive animal require ruling out CPA.
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A. Lack of respiratory effort indicates respiratory arrest.

B. Auscultation reveals no or only intermittent agonal
breath sounds and no heart sounds during cardiac
arrest.

C. In cardiac arrest, palpation does not yield an apex heart
beat or a peripheral pulse.

III. Cardiac arrest is characterized by electrocardiographic
(ECG) evidence of asystole, pulseless electrical activity,
or ventricular fibrillation.

A. Animals in respiratory arrest or early CPA may have
other arrhythmias (Rush and Wingfield, 1992).

B. Electrical activity on the ECG does not ensure mechan-
ical activity, and bradycardic waveforms are interpreted
as CPA.

C. A lack of a discernible ECG rhythm also warrants
the consideration of technical difficulties, such as
poor electrode-patient coupling, machine malfunction,
among others.

IV. Changes in anesthetic or critical-care parameters help
support the presence of CPA.

A. Arterial blood pressure or Doppler blood flow intensity
drops precipitously.

B. Capnometry shows acute downward trends of end-tidal
carbon dioxide (;CO,) or apnea.

C. Pulse oximetry waveforms or light-emitting diode
indicators decrease abruptly; however, a decrease in
oxygen saturation (S,0,) is not a reliable indicator of
CPA.

Differential Diagnosis

I. Coma or neurological event
II. Syncope
III. Technical difficulties with monitoring devices

Treatment

1. Treatment is based on the owner’s informed consent or, in
the absence of a documented “do-not-resuscitate” request,
dependent on any obvious signs of irreversible death
(rigor).

A. People’s expectations are often unrealistic because
of emotional involvement or unrealistic impressions
(Diem et al., 1996).

B. In dogs, survival rates range from 4% for cardiac arrest
to 28% for respiratory arrest (Kass and Haskins, 1992;
Wingfield and Van Pelt, 1992).



1L

III.

IV.

V.

C. In cats, survival rates range from 2% for cardiac arrest
and 58% for respiratory arrest (Kass and Haskins, 1992;
Wingfield and Van Pelt, 1992).

D. Most successful resuscitations are related to anesthetic
complications (Gilroy et al., 1987; Kass and Haskins,
1992; Waldrop et al., 2004).

Resuscitation is aimed at restoring spontaneous circulation

while mitigating cerebral ischemia.

A. Cardiopulmonary cerebral resuscitation (CPCR) has been
suggested as the treatment for CPA, because it reflects
the goal of survival with intact neurological function.

B. Return of spontaneous circulation has been correlated
with maximizing coronary perfusion pressure.

Duration of treatment is determined for each case, but

most successful resuscitations last <15 minutes (Gilroy

et al., 1987; Kass and Haskins, 1992; Waldrop et al., 2004).

A dedicated area, cart, or tackle box for CPCR supplies,

and regular staff training increases the likelihood of success-

fully reversing CPA.

The letters A through G provide a mnemonic guide to

treatment (Figure 7-1).

Access Airway

L.

1L

III.

Extend the neck (in a nontraumatized animal); pull the

tongue rostrally.

Place and secure an appropriately sized endotracheal

tube, confirming initial and continued placement with

capnometry, visualization, or palpation.

If an airway obstruction is suspected or the endotracheal

tube cannot be passed, relieve the obstruction.

A. Suction any vomitus or secretions from the laryngeal/
pharyngeal area.

B. Physically remove any foreign body or use a poly-
propylene urinary catheter as a stylet to guide the
endotracheal tube around the obstruction.

C. For foreign bodies not visible, perform a Heimlich
maneuver by sharply compressing the abdomen in a
ventrodorsal direction, just cranial to the umbilicus.

D. A tracheostomy is performed if an upper airway
obstruction cannot be relieved.

Breathing

L.

1L
III.

IV.

If only respiratory arrest is present, provide positive-
pressure ventilation with 100% oxygen at a rate of 20
breaths per minute.

If cardiac arrest is present, ventilate 8 to 10 times per minute.
Use Ambu-bags, Baines, or other nonbreathing circuits,
anesthesia machines, and even mouth-to-nose breathing to
ventilate the animal.

Experimentally, dogs maintain an oxygen saturation >90%
without positive-pressure ventilation for up to 4 minutes
and maintain a partial pressure of arterial oxygen (P,0,) of
80 mm Hg during CPCR on room air; however, ventila-
tion with 100% oxygen is still recommended.

Circulation

L.

Generate forward blood flow to perfuse the heart and
brain.
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II. Begin external chest compressions.

A. Compression dynamics are as follows:

1. Compress the chest by about 30% of its diameter.

2. Maintain a 1:1 compression:relaxation ratio.

3. Perform at a rate of 100 beats per minute (bpm) and
minimize interruptions.

B. Thoracic conformation and size determine the best
position for external compressions.

1. Cats and small dogs are circumferentially com-
pressed at the level of the 5th intercostal space while
in lateral recumbency.

2. Medium-size dogs (<15 kg) with greater dorsal-
ventral versus lateral dimensions are placed in lateral
recumbency, with the hands placed one over the
other at the 5th intercostal space.

3. In large dogs, hand placement is over the widest
portion of the thorax with the dog in lateral recum-
bency, or just cranial to the xiphoid process with the
dog in dorsal recumbency.

C. Changing compressors, placement of hands, varying
the rate and depth may offer some benefit if unsatis-
factory results are obtained (e.g., increased g;CO,,
perfusion pressure, or return of spontaneous circula-
tion.

D. Procedures to augment external compressions may be
considered.

1. Interposed abdominal compressions are performed
midway between the umbilicus and xiphoid to
generate a pressure of 100 mm Hg.

2. Active compression-decompression * inspiratory
threshold impedance valves require specialized
equipment.

3. Simultaneous ventilation-compression CPCR and
the application of military antishock trousers or
caudal abdominal binding are no longer recom-
mended.

II1. Internal cardiac compressions may be considered.

A. Despite on-going debate, it is universally accepted that
internal cardiac compressions must be used within 2 to
5 minutes to have any benefit.

B. Indications include a chest wall defect, penetrating
trauma, cardiac tamponade, ineffective external com-
pressions (especially in large or barrel-chested dogs)
loss of chest wall compliance, or pleural space disease.

C. The technique for internal compressions is described
in Box 7-1.

Differential Diagnosis and Drugs
I. While instituting the “ABCs,” also start appropriate therapy

for reversible causes of CPA.

II. Vascular access is obtained to administer fluids and drugs.

A. Central IV catheters are best for administering drugs,
but placement is technically difficult during CPCR, and
their long length is not ideal for administering fluid
boluses.

B. Intraosseous (IO) access of the humerus or femur is
technically feasible, especially in young or small animals,
and provides central access.
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Cardiovascular System

[ Cardiopulmonary Arrest ]

EAIRWAY established with endotracheal tubej

|: BREATHE 8-10 x per minute 100% oxygen :|

[ CIRCULATE blood with 100 compression/minute, 1/; diameter of chest |

\

DRUGS

4 A

(Intravenous or intraosseous access)

Epinephrine 0.02 mL x 1:1000/kg SID 5 min
+ Atropine 0.1 mL x 0.4-0.56 mg/mL/kg

+ NaHCOs 1 ml/kg

+ 0.9% saline or lactated ringers solution

\( 0-80 mL/kg IV )

J

f

DIFFERENTIAL DIAGNOSIS

Hypovolemia
Hypoxia
Hypoglycemia
H* (acidosis)
Hyperkalemia
Hypothermania

Tablets (drugs)
Tamponade (cardiac)
Tension pneumothorax
Thromboembolism
Trauma (brain)

:

|: EVALUATE Electrocardiogram j

/N

Asystole
Pulseless electrical activity

\

Atropine

’ [ Ventricular fibrillation ]

FIBRILLATION treatment
5 J/kg countershock

No alcohol
All clear

Precordial thump

e

EGAUGE EFFECTIVENESS]

FIGURE 7-1 Algorithm for cardiopulmonary cerebral resuscitation for cardiopulmonary arrest.

C. Peripheral IV catheters are most often used but should
be placed within the cephalic vein to minimize time to
reach the heart during CPCR.

1. Follow all drugs with a 20 mL bolus of IV fluids.
2. Elevate the extremity afterward for 20 seconds.
III. Dosages of drugs administered intratracheally are at least
doubled, except for epinephrine.

A. Drugs are dissolved in 5 to 10 mL of sterile water for
injection or 0.9% saline, injected via a red rubber
catheter at the level of the carina, and followed by two
ventilated breaths.

B. NAVEL is the mnemonic for drugs that can be admin-
istered intratracheally (IT).

1. Naloxone 0.04 mg/kg IT



Box 7-1

Technique for Performing Internal Cardiac
Compressions

1

1

1.
2.

3.

0.

1.

Animal is placed in right lateral recumbency.

Minimal to no surgical preparation is required over the left
6th intercostal space.

Incise the skin with a scalpel blade.

Make a controlled stab incision into the pleural space
cranial to the rib with the tips of curved Mayo scissors.
Extend the incision by advancing the partially open Mayo
scissors dorsally and ventrally, stopping short of the internal
thoracic and vertebral arteries.

Insert Balfour or other self-retaining retractors.
Alternatively, incise the diaphragm during a celiotomy.
Incise the pericardial sac with the Mayo scissors to expose
the heart.

Compression dynamics are as follows:

a. Use the palmar surfaces of the fingers and hand(s).

b. Compress the heart from apex to base.

c. Compress at a rate of 100 to 150 beats/min.

Occlude the descending aorta by digital compression or by
blunt dissection and occlusion with a red-rubber catheter,
Penrose drain, or Rumel tourniquet.

If resuscitation is successful, release the aortic occlusion
over 5 to 10 minutes while administering sodium
bicarbonate empirically or as determined by blood gas
analysis, and close the chest routinely after pleural lavage.

2. Atropine 0.08 mg/kg IT
3. Vasopressin 1.6 U/kg IT
4. Epinephrine 0.2 mg/kg IT
5. Lidocaine 4 mg/kg IT

IV. Sublingual administration of medications has been recom-

V.

VI

mended only anecdotally.
Fluid administration in CPCR has been associated with
worse outcomes in euvolemic animals, but if hypovolemia
caused or contributed to CPA, appropriate boluses of iso-
tonic crystalloids (0.9% saline, lactated Ringer’s solution)
are indicated.
The administration of some drugs warrant ECG evaluation
(see following section); however, others are immediately
indicated.
A. Antagonists for anesthetic agents during an anesthetic
arrest (e.g., naloxone for a narcotic)
B. Calcium gluconate 10% (0.6 mL/kg IV), insulin (0.2 U/
kgIV),and dextrose (1 g/kgIV),and sodium bicarbonate
(1 mEq/kg IV) for known hyperkalemia
1. Calcium gluconate is only indicated for CPA asso-
ciated with hyperkalemia, hypocalcemia, or calcium
channel blocker intoxication.
2. In other causes of CPA, calcium gluconate may
worsen outcome.
C. Epinephrine as a vasopressor
1. Give 0.01 to 0.02 mg/kg IV every 3 to 5 minutes.
2. High doses (0.1 to 0.2 mg/kg) have not been shown
to be superior.
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3. Other alpha-2 agonists, such as phenylephrine or
norepinephrine, have shown no increased benefit.
Vasopressin 0.8 U/kg IV once: alternative to epine-

phrine (Schmittinger et al., 2005)
E. Empirical vagolytic therapy
1. Atropine may be given at 0.01 to 0.04 mg/kg IV.
2. Empirical use is justified, as approximately 80%
of the arrhythmias seen in CPA require atropine.
E. Sodium bicarbonate (NaHCO5)
1. Dose: 1 mEq/kg IV initially, then 0.5 mEq/kg every
10 minutes
2. Contraindicated in hypercarbia and requires ade-
quate ventilation to avoid intracellular acidosis
3. Indicated in animals with known metabolic acidosis
or prolonged (>10 minutes) CPA

Evaluation of Electrocardiogram

L.

II.

II1.

Asystole (flat line) and pulseless electrical activity (wide,
often bizarre bradyarrhythmia with no or ineffective
mechanical cardiac activity) are most often observed.

A. Administer atropine 0.04 mg/kg and repeat in 5 minutes.

B. Transthoracic or transesophageal electrical pacing (avail-
able on many defibrillators) may be beneficial.

C. Defibrillation is not indicated and can cause further
myocardial insult.

Severe sinus bradycardia is often seen early in a vagal-

induced arrest.

A. Atropine is given at 0.004 to 0.01 mg/kg IV.

B. Transthoracic or transesophageal pacing is indicated
if bradycardia deteriorates or atrioventricular block
occurs

Ventricular fibrillation (sawtooth waveform) accounts for

approximately 20% of initial CPA rhythms and can occur

during resuscitation efforts.

Fibrillation Treatment

L.

1L

Immediate defibrillation therapy is indicated, as survival is

inversely proportional to the amount of time from onset to

the first countershock.

Electrical defibrillation is the only effective therapy.

A. Quickly clip area for electrodes to decrease impedance
and potential for arcing.

B. Electrode options include the following:

1. Manually hold both standard paddles on opposite
sides of the chest with the one marked “sternum”
over the animal’s right cranial thorax.

2. Flat paddle marked “apex” is slid under the animal
(in left lateral recumbency) while on a non-
conducting table surface and the paddle marked
“sternum” is placed on the animal’s right cranial,
lateral thorax.

3. Self-adhesive electrodes are applied to the skin
in the same areas as with hand-held paddles.

4. Internal paddles are applied directly to either side of
the heart (after thoracotomy).

5. Select energy settings.

a. Set at 5 to 10 J/kg for monophasic (older) de-
fibrillators.
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b. Newer biphasic defibrillators use approximately
40% less energy as the current flows from elec-
trode to electrode and back again.

c. Internal defibrillation is done at approximately
10% of external settings.

6. Apply firm pressure to hand-held paddles to de-
crease transthoracic impedance.

7. Do not use alcohol; use coupling gel or saline-soaked
gauzes.

8. Just before delivering a countershock, make sure
everyone is clear of direct and indirect animal
contact.

9. Administer one shock and then perform compres-
sions, ventilation, and drug therapy for 1 minute
before repeated attempts.

C. Pharmacological attempts at defibrillation have been
very disappointing and are no longer recommended.

1. After unsuccessful countershocks, CPCR and vaso-
pressor therapy, pharmacological intervention may
be helpful in electroconversion before additional
counter shocks.

2. Amiodarone 5 mg/kg IV is the drug of choice, and
half of the initial dose may be repeated once.

3. Lidocaine may be used alternatively at 1 mg/kg IV
and then 0.5mg/kg every 5 minutes to a maximum
of 3 mg/kg.

4. Magnesium is only indicated in hypomagnesemic
states or Torsades de pointes and is given at 20 mg/
kg diluted in dextrose 5% in water (D;W) over 5
minutes IV.

D. In the absence of a defibrillator, a precordial thump can
be attempted but is not recommended for routine use.

Gauge Resuscitative Efforts

I. Monitor for return of spontaneous circulation.
II. gtCO, values >10 mm Hg are evidence of effective
oxygenation and circulation.

III. Diastolic arterial pressures >30 mm Hg correlate with
coronary perfusion pressure of >15 to 20 mm Hg, which is
adequate; however, indirect measurements (oscillometric,
Doppler) are unreliable in CPCR.

IV. No other clinical indicators (pulse strength, pulse oxime-
try) have proven reliable for real-time evaluation of CPCR
effectiveness.

V. If efficacy of CPCR is in question, do the following:

Confirm endotracheal tube placement.

Augment compressions.

Consider buffer therapy, such as NaHCO;.

Reevaluate the ECG.

Revisit the differential diagnosis list to address any

reversible causes.

E. Evaluate electrolytes, pH, and attempt to correct
imbalances

VI. Consider discontinuing CPCR if there has been no return
of spontaneous circulation and CPCR has lasted for
15 to 30 minutes, the animal was presented in CPA, or
the underlying disease was already receiving maximal
therapy.
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Hypothermia

L. In successfully resuscitated animals, lowering the body
temperature to approximately 91.5° F (33° C) by permis-
sive means (not providing heat support), cooling blankets,
or ice packs may improve neurological recovery in hemo-
dynamically stable animals.

II. Intensive care and monitoring are usually required for

successful recovery once spontaneous circulation is estab-
lished.

Monitoring of Animal

. Maintain oxygenation at P,0, >80 mm Hg or S,0,
>95%, with supplemental oxygen or intermittent positive-
pressure ventilation (IPPV).

II. Ventilation is assessed by measurement of arterial blood
gas carbon dioxide (P,CO,), venous blood gas (P,CO,),
or ;CO, to maintain normocapnia (=35 mm Hg).

III. Blood pressure is supported with vasopressors (nor-
epinephrine 0.05 to 0.5 pg/kg/min, phenylephrine 1 to
10 pg/kg/min, or dopamine 10 to 40 pg/kg/min constant
rate IV infusion) to maintain a mean arterial pressure
>100 mm Hg or a Doppler systolic pressure >125 mm Hg
for the first 12 hours, and then to maintain normotension.

IV. Monitor the ECG for arrhythmias that can affect cardiac
output, blood pressure, and lead to rearrest.

V. Central venous pH is normalized by maximizing perfu-
sion, maintaining normocapnia, and correcting acidosis
with NaHCO; (0.3 mEq/kg/mmol X base deficit IV).

VI. Blood glucose is monitored to maintain euglycemia.

VII. Additional monitoring is warranted to identify the onset
of coagulopathy, pneumonia, sepsis, renal failure, and
seizures, with appropriate treatment instituted as needed.

VIII. Assess the animal for complications of external chest com-
pression, such as rib or sternum separations or fractures,
hemothorax, pneumothorax, pulmonary contusions, and
hepatic and splenic lacerations.

IX. Prognostic factors for poor neurological outcome or death
24 hours post-resuscitation include the following:
A. Corneal reflex absent
B. Pupillary light response absent
C. Withdrawal response to pain absent
D. Motor response absent
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Congenital Heart Disease

John D. Bonagura

»Y OVERVIEW OF CONGENITAL HEART
DISEASE

Definition
I. Congenital heart disease (CHD) is a developmental lesion
of the heart or great vessels present at birth.
II. Malformations are the most common cause of cardio-
vascular disease in dogs and cats <1 year of age.

Causes

I. CHD can be caused by genetic, environmental, chromo-
somal, infective, toxicologic, or nutritional factors, or it
may develop from teratogenic effects of drugs.

II. Most cases have a genetic basis, but the precise mode of
inheritance is often unknown.

II1. There are numerous examples of breed-related predis-
positions to specific cardiac malformations (Table 8-1).

IV. Penetrance of a lesion can be incomplete, making clinical
recognition difficult or impossible.

Pathophysiology

I. CHD can be classified as left-to-right shunts, right-to-left
shunts, outflow tract stenosis, atrioventricular (AV) valve
malformations, and complex malformations.

II. Outcomes can include congestive heart failure (CHF),
arrhythmias, syncope, or sudden death.

III. Right-to-left shunts and complex malformations create
hypoxemia and secondary polycythemia, with clinical
complications related to tissue hypoxia and blood hyper-
viscosity (e.g., hypertrophic osteopathy).

IV. Pulmonary hypertension (PH) can develop with large
cardiac shunts or with mitral valvular stenosis.

A. Pulmonary arterial injury creates a high-resistance
vascular system, increased right ventricular (RV) pres-
sures, and reduced venous return to the left atrium.

B. Severe PH can lead to limited cardiac output, exercise
intolerance, and syncope.

C. A left-to-right shunt may become right-to-left with
severe PH (Eisenmenger’s physiology).

D. Severe pulmonary vascular disease is generally irrever-
sible, and surgical closure of a shunt that decompresses
the right circulatory side can be fatal.

E. Clinical evidence of PH includes RV hypertrophy, main
pulmonary artery dilation, right atrial enlargement,
and reduced size of the left heart chambers.
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Clinical Signs

I. In most cases, the pet owner does not recognize overt
clinical signs of heart disease.

II. Stunted growth is common with severe CHD.

III. CHD often leads to exercise-induced problems, such as
tiring, collapse, and syncope.

IV. Signs of CHF can be observed, including tachypnea,
orthopnea, coughing, respiratory distress, or abdominal
distension (from ascites).

V. Cyanosis is common with right-to-left shunts and when
severe pulmonary dysfunction accompanies left-sided or
biventricular CHE

VI. Death from CHD may occur from unmanaged CHF, severe
hypoxemia, or a cardiac arrhythmia (ventricular fibrilla-
tion, asystole).

Diagnosis
I. The diagnosis is suspected from identification of a cardiac
murmur in a young animal, particularly in a breed at risk
for CHD.

A. The pet may appear normal, even with serious CHD.

B. When clinical signs of CHD are present, suspect a severe
cardiovascular malformation.

C. Once clinical signs have developed, the prognosis is
generally poor unless definitive or palliative treatments
are initiated.

D. Noncardiac causes of the clinical signs (e.g., anemia,
parasitism, or pneumonia) must be ruled out.

II. Physical examination findings can be suggestive of CHD.

A. Precordial palpation may identify cardiomegaly via
caudal displacement of the left ventricular (LV) apical
impulse or as a prominent RV impulse (heave).

B. A palpable vibration or thrill indicates the presence of
a loud cardiac murmur (grade V or VI) and identifies
the point of maximum murmur intensity.

C. Cardiac murmurs are typical of CHD.

1. Most murmurs associated with CHD are systolic.

2. A continuous murmur occurs with patent ductus
arteriosus (PDA) or, rarely, from an aorticopulmo-
nary window.

3. A diastolic murmur usually indicates aortic regurgi-
tation and, rarely, AV valvular (or supravalvular)
stenosis.

4. Distinguishing an innocent (functional) murmur
from one caused by CHD can be difficult, if not
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BREED

MALFORMATION

Airedale terrier

Pulmonic stenosis

Beagle Pulmonic stenosis, pulmonary insufficiency

Bichon frise Patent ductus arteriosus

Boykin spaniel Pulmonic stenosis

Boxer Subaortic stenosis, pulmonic stenosis, atrial septal defect

Bull terrier Mitral valve dysplasia, aortic stenosis

Chihuahua Patent ductus arteriosus, pulmonic stenosis

Cocker spaniel Patent ductus arteriosus, pulmonic stenosis

Collie Patent ductus arteriosus

Doberman pinscher Atrial septal defect

English bulldog Pulmonic stenosis, tetralogy of Fallot, ventricular septal defect, subaortic stenosis
English springer spaniel Patent ductus arteriosus, ventricular septal defect

German shepherd dog Patent ductus arteriosus, subaortic stenosis, mitral valve dysplasia, tricuspid valve dysplasia,

German shorthair pointer
Golden retriever

Great Dane

Irish setter

Kerry blue terrier

persistent right aortic arch
Subaortic stenosis
Subaortic stenosis, mitral valve dysplasia, tricuspid valve dysplasia
Mitral valve dysplasia, tricuspid valve dysplasia, aortic stenosis, persistent right aortic arch
Persistent right aortic arch, patent ductus arteriosus
Patent ductus arteriosus

Keeshond Tetralogy of Fallot, ventricular septal defect, patent ductus arteriosus
Labrador retriever Tricuspid valve dysplasia, patent ductus arteriosus

Maltese Patent ductus arteriosus

Mastiff Mitral valve dysplasia, pulmonic stenosis, subaortic stenosis
Newfoundland Subaortic stenosis, mitral dysplasia, patent ductus arteriosus

Old English sheepdog Tricuspid valve dysplasia

Poodle breeds Patent ductus arteriosus

Poodle (standard) Atrial septal defect

Pomeranian Patent ductus arteriosus

Rottweiler Aortic stenosis, mitral dysplasia

Samoyed Pulmonic stenosis, aortic stenosis

Schnauzer breeds Pulmonic stenosis

Shetland sheepdog Patent ductus arteriosus

Weimaraner Tricuspid valve dysplasia, peritoneopericardial diaphragmatic hernia

Pulmonic stenosis

West Highland white terrier

Yorkshire terrier Patent ductus arteriosus

large unrestrictive ventricular septal defect (VSD);
tricuspid dysplasia; or severe PH.

impossible; however, murmurs caused by clinically
significant CHD are typically louder and of longer

duration. D. Jugular venous distension or pulsations suggest right
5. A particularly difficult issue for breeders is the heart disease (e.g., PS, tricuspid regurgitation, right-

persistence of a soft ejection murmur in the absence sided CHF).

of an echocardiographic lesion, which makes it E. Ahypokinetic or late-rising femoral arterial pulse suggests

impossible to determine the presence of CHD. outflow obstruction, LV dysfunction, or heart failure.
6. With the exception of ventricular outlet obstruc- E A bounding (hyperkinetic or waterhammer) pulse is

tion (aortic or pulmonic stenosis [PS]), murmur typical of PDA and aortic regurgitation.

grade (intensity) and duration do not correlate well G. Cyanosis can be a sign of CHD and is caused by either

right-to-left shunting or pulmonary dysfunction from

lung edema or pleural effusion.

1. Concurrent bronchopneumonia may be the most
common cause of cyanosis in CHD.

with the severity of the cardiac lesion.

7. A murmur can be soft or absent even in serious
situations, such as right-to-left shunting defects
with polycythemia; pulmonary or aortic atresia;
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IV.
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2. The term differential cyanosis generally refers to the
condition of pink oral membranes and cyanotic
caudal membranes (best seen in the vulva or pre-
puce) and is most typical of reversal of a left-to-right
PDA.

Thoracic radiographs can identify cardiomegaly, dilation

of the great vessels, alterations in pulmonary circulation,

and findings compatible with CHE.

A. Young puppies have a relatively prominent RV shadow
until 6 to 8 weeks of age.

B. Radiographs also provide objective proof of the presence
of CHF and can help guide initial treatment plans.

C. Routine 6-lead electrocardiography (ECG) may identify
atrial or ventricular enlargement, but can be negative
and is rarely definitive.

Definitive diagnosis and appropriate staging of CHD re-

quires advanced echocardiography with Doppler studies.

A. Two-dimensional (2D) and motion-mode (M-mode)
echocardiography precisely define lesions, cardiac and
great vessel enlargement, and ventricular function.

B. Doppler studies identify the direction and velocity of
blood flow and can be used to estimate intracardiac
pressures.

C. Turbulence algorithms can delineate abnormal patterns
of blood flow, such as shunting or valvular regurgi-
tation.

. Cardiac catheterization and angiocardiography are needed

to diagnose ambiguous cases of serious CHD, particularly

if significant coronary, systemic, or pulmonary vascular

malformations are present.

Cases of trivial CHD can escape detection or defy clear

definition, even with advanced echocardiographic methods

and expert examination.

A. For many dogs with soft ejection murmurs, distinguish-
ing a functional (innocent) murmur from definitive
disease can be difficult.

B. These situations are unimportant relative to the health
of the affected dog, but they do cause consternation
regarding breeding soundness.

Differential Diagnosis

L.

1L

The most important considerations and most common

problems are as follows:

A. Stunted growth: malformations of other organ systems,
metabolic diseases, chronic infection, malnutrition, or
severe parasitism

B. Respiratory signs: infectious respiratory diseases (viral
infections, respiratory parasites, bordetellosis, bacterial
bronchopneumonia), developmental diseases of the
respiratory tract

C. Abdominal distension with fluid: right-sided CHF,
obstruction of caudal vena caval entry (cor triatriatum
dexter), noncardiac diseases

D. Syncope: acquired cardiac rhythm disturbance, myo-
carditis in puppies

In a young animal, the differential diagnosis of a murmur

includes functional or innocent murmurs in puppies and

kittens as well as cardiomyopathy in cats.

A. Soft ejection-type murmurs (<III and/or VI) in other-
wise healthy puppies or kittens are often innocent and
disappear over time.

B. Increasing murmur intensity, other physical abnor-
malities (stunted growth, cyanosis), or any clinical
signs (exercise intolerance, respiratory distress) should
prompt immediate evaluation by a specialist in CHD.

C. A loud systolic murmur, a diastolic murmur, or a con-
tinuous murmur is very unlikely to be innocent and
needs prompt evaluation.

D. A persistent, soft-ejection murmur is common in many
breeds at risk for aortic stenosis (e.g., boxer, Bouvier de
Flanders, golden retriever), but it can be difficult or
impossible to distinguish trivial CHD from a normal
physiologic variation.

E. In young cats (<2 years) with a systolic murmur and
echocardiographic evidence of a concentrically hyper-
trophied LV, the differential diagnosis includes genetic
hypertrophic cardiomyopathy, mitral valve malforma-
tion with dynamic obstruction of the ventricular
outflow tract, or (rarely) fixed aortic stenosis.

Treatment

L.

1L

Definitive or palliative therapy for CHD often requires

surgery or catheter-based intervention.

A. Before such treatments begin, a definitive diagnosis
must be established.

B. Specific treatments are described under individual mal-
formations.

C. Unfortunately, many cases of CHD require surgery
during cardiopulmonary bypass, so definitive repair is
rarely accomplished, except for PDAs.

D. Medical therapy may be needed for complications of
CHD (e.g., CHF, cardiac arrhythmias, PH, secondary
polycythemia).

CHF is a consequence of progressive volume or pressure

overload of the affected ventricle.

A. Initial management of left-sided CHF involves fur-
osemide (2 to 4 mg/kg IV, IM, SC), oxygen supple-
mentation, possibly 2% nitroglycerin ointment, and
sedation with butorphanol (0.25 mg/kg IM, SC) as
needed.

B. If CHF persists and the cause is a left-to-right shunt,
nitroprusside (0.5 to 2.5 pg/kg/min IV infusion) can
be used to reduce arterial blood pressure and the
magnitude of shunting.

1. Chronic therapy with enalapril (0.5 mg/kg PO BID),
amlodipine (0.05 to 0.2 mg/kg PO SID), or hydrala-
zine (0.5 to 2 mg/kg PO BID) may reduce blood
pressure and left-to-right shunting.

2. Amlodipine or hydralazine may be needed in addi-
tion to an angiotensin-converting enzyme (ACE)
inhibitor.

3. Maintain systolic blood pressure at 80 to 120 mm Hg,
particularly in cases of aortic stenosis (hypotension
reduces coronary perfusion).

C. Long-term medical therapy of CHF in dogs and cats
with CHD is identical to that described in Chapter 9.



D. The use of beta-blockers in treatment of dogs with
CHF from CHD is unresolved, and care must be used
to avoid bradycardia, especially in dogs with fixed
obstructions, such as subaortic stenosis and PS.

E. In some cases (e.g., PDA), medical therapy for CHF
can be discontinued if definitive repair of the defect is
performed successfully.

II. Controlling arrhythmias in animals with severe CHD helps
to maintain a compensated state and can prevent sudden
death (see Chapter 6).

IV. Management of PH is difficult, as the vascular changes
responsible often are irreversible.

A. PH usually develops rapidly in dogs with large left-to-
right shunts (<6 months of age), but in cats it may
develop more gradually and may be arrested by closure
of the defect or management of a stenotic mitral valve.

B. When reactive vasoconstriction is identified, drugs that
reduce pulmonary vascular resistance, such as sildenafil
(Viagra) at initial doses of 0.5 to 2 mg/kg PO BID can
be beneficial (although very expensive).

C. Arterial blood pressure must be monitored, as re-
duced systemic resistance leads to greater right-to-left
shunting.

D. Controlling exercise is important to prevent exertional
collapse or dyspnea.

V. Management of polycythemia may be required.

A. Balloon valvuloplasty or surgery decreases right-sided
pressures and reduces shunting from anatomic ob-
struction (PS).

1. Drugs can be tried to reduce pulmonary vascular
resistance (see above).

2. Care must be exercised with large VSDs, as florid
left-to-right shunting can develop if RV pressures
approach normal.

B. Phlebotomy may be required in animals with right-to-left
shunting and secondary polycythemia (see Chapter 64).
1. While a packed cell volume (PCV) of 62% to 65%

is often well tolerated, values >68% to 70% are
likely to cause exercise difficulties or predispose to
thrombotic stroke or sudden death.

2. Amount of blood removed (mL) = (body weight
[kg] % 0.08) x 1000 mL/kg x (actual PCV — desired
PVC + actual PCV).

3. Simultaneously administer IV fluids at one to two
times the volume removed.

4. Alternatively, remove 10% of blood volume in the
morning and 2% to 10% in the afternoon without
fluid replacement.

C. When the need for phlebotomy becomes too frequent,
reversible bone marrow suppression with hydroxyurea
(10 to 20 mg/kg PO SID) may be tried.

Monitoring and Prevention

I. Follow-up care is individualized and based on the specific
defect, the severity of disease, prior treatments, and super-
vening complications.

II. No genetic tests are available to detect carriers of CHD,
so genetic counseling for breeding dogs can be difficult.

CHAPTER 8 | Congenital Heart Disease 85

A. Animals with even mild CHDs should not be bred.

B. Dogs with normal cardiac phenotype that produce
CHD-affected puppies in more than one litter are
removed from breeding programs.

C. Breeding dogs with equivocal cardiac status based on
echocardiographic and Doppler studies are bred only if
other important characteristics are considered normal
or outstanding.

»Y PATENT DUCTUS ARTERIOSUS

Definition
I. PDA is a persistent patency of the fetal ductus arteriosus,
which connects the descending aorta and the main or
adjacent left pulmonary artery.
II. This defect is present in approximately 2.5 of 1000 live
canine births; it is rare in cats.

Causes

I. PDA is a genetic disorder in many breeds (see Table 8-1);
the exact mode of inheritance is undetermined but may
be related to multiple genes or modifying genes.

II. Females are predisposed, but both sexes are affected.

Pathophysiology

I. Left-to-right shunting leads to pulmonary overcirculation,
volume overload of the left side of the heart, progressive
LV dysfunction, and ultimately left-sided CHE.

II. Cardiomyopathy of chronic volume overload (myocardial
failure, systolic dysfunction) and atrial fibrillation are
common in large-breed dogs with untreated PDA.

III. In a small percentage of cases, reversed shunting is caused
by pulmonary vascular injury (Eisenmenger’s physiology).

Clinical Signs

I. Most puppies are asymptomatic.
II. Once tachypnea and exercise intolerance develop, left-
sided CHF is likely.
I11. Exertional rear limb weakness is typical of “reversed” PDA.

Diagnosis
I. A key finding is a continuous cardiac murmur that is
loudest over the left craniodorsal cardiac base.

II. The diastolic component of the murmur is less pro-
minent or absent in very young puppies, cats, or cases of
progressive PH.

III. Arterial pulses are typically hyperkinetic.

IV. The LV can be enlarged, with palpable caudoventral apical
displacement.

V. Pelvic limb weakness that improves with rest, differential
cyanosis, loss of the continuous murmur, and a loud
second heart sound are typical of reversed PDA.

VI. Radiographs identify pulmonary overcirculation with a
left-to-right shunting PDA.

VIIL. Radiographs and 2D echocardiograms demonstrate dila-
tion of the left atrium, LV, ascending aorta, descending
aorta (“ductus bump”), and main pulmonary artery.
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VIIIL.

IX.

XI.

SECTION 2 | Cardiovascular System

M-mode echocardiography demonstrates eccentric hyper-
trophy (increased diastolic diameter) and, possibly, reduced
LV systolic function (decreased shortening fraction).
Doppler studies demonstrate continuous blood flow in
the main pulmonary artery, and mitral regurgitation and
pulmonic insufficiency from chamber dilatation.

. The echocardiogram typically shows enlargement of the

LV and possibly the left atrium.

In reversed PDA, diagnostic studies reveal mainly right
heart enlargement, dilation of the main pulmonary artery,
and reduced pulmonary blood flow, whereas contrast
echocardiography (after cephalic vein injection) demon-
strates contrast medium in the descending aorta.

Differential Diagnosis

L.

1L

III.

Iv.

Aortopulmonary communication (window) is a congen-
ital connection between the ascending aorta and pulmo-
nary artery, and it may produce a continuous murmur.
VSDs with aortic regurgitation, or aortic stenosis with
aortic regurgitation can produce both systolic and diastolic
murmurs that can be confused with a PDA murmur.
Multiple (bronchial artery) systemic to pulmonary fistulas
can create a PDA-like situation; however, a continuous
murmur is not evident, mandating angiography for
diagnosis operation when performed by an experienced
surgeon.

Signs of reversed PDA can mimic neuromuscular diseases,
particularly myasthenia gravis.

Treatment

L.

1L

III.

Iv.

VI

Early closure is strongly recommended for left-to-right
shunting defects, as the 1-year mortality for untreated
dogs probably exceeds 60%.

For a reversed (right-to-left) shunting PDA, closure of the

defect is contraindicated.

Thoracotomy and surgical ligation of the ductus is a

successful operation when performed by an experienced

surgeon.

A. Closure generally results in complete resolution of
signs.

B. A postoperative murmur of mitral regurgitation is
common, but generally subsides by the time of suture
removal.

Less-invasive transcatheter techniques for closure of PDAs

include insertion of embolization coils and use of various

Amplatzer occluding devices.

. When CHF complicates PDA, medical management is

needed (see Treatment under Overview of Congenital

Heart Disease).

Reversed PDA has a poor prognosis, although some

animals live beyond 5 years of age.

A. They are affected mainly by pelvic limb weakness
during exercise.

B. They require management of PH and polycythemia.

Monitoring of Animal

L.

Early therapeutic intervention can slow or eliminate irre-
versible myocardial damage and prevent CHE.

II. The prognosis following closure of a PDA is excellent.
A. A normal lifespan can be anticipated, and most cases
do not require any cardiac follow-up.
B. Exceptions include dogs with marked LV systolic dys-
function, prior CHEF, or atrial fibrillation.
III. Monitor clinical signs and PCV in reversed PDA cases.

®Y VENTRICULAR SEPTAL DEFECT

Definition
I. A VSD is a communication between the left and right
ventricles, and shunting usually proceeds from the LV to
RV.

II. Based on location, a VSD can be classified as para(peri)-
membranous, inlet, muscular (trabecular), or subarterial
(subpulmonic, supracristal, doubly committed).

III. Large defects are sometimes associated with malalignment
of the aorta and are likely to cause aortic root prolapse and
valvular regurgitation.

IV. A large VSD is also a component of the tetralogy of Fallot.

Causes

I. VSD is probably caused by genetic factors in some breeds
(see Table 8-1).

II. Experimentally, VSD (various species) has been associated
with a number of drugs, infections, or environmental
factors.

Pathophysiology

I. Most cases of uncomplicated VSD in dogs are well tolerated,
as long as the defect is “restrictive.”

A. Most defects that are <50% of the aortic root area are
restrictive in nature.

B. Very large defects are likely to cause CHF and death
at approximately 1 to 2 months of age as pulmonary
vascular resistance drops (before presentation to a
veterinarian).

C. The shunting physiology of VSD is similar to that
of PDA, in that a left-to-right shunt causes pulmonary
overcirculation and volume overload of the left atrium
and LV.

D. Large defects complicated by aortic regurgitation are
likely to cause CHE.

II. The degree of RV overload depends on the size of the defect,
presence of RV outflow tract obstruction, location of the
defect, and development of PH.

III. Concurrent PS, a double-chambered RV (a midventricular
obstruction), or development of Eisenmenger’s physiology
can lead to reversed shunting.

Clinical Signs

I. Most dogs and cats are asymptomatic, with occasional
cases showing signs of CHF or PH.
II. Cyanosis indicates a complicated VSD.

Diagnosis
I. A systolic murmur, generally loudest over the cranial right
sternal edge, is typical of the paramembranous VSD.



I1. If the defect is located elsewhere in the septum, or if fibrous
tissue partially occludes the defect, a systolic murmur that
is apical or loudest over the left sternal edge may occur.

III. Results of radiography are variable, but overcirculation of
the lungs is common.

A. Various combinations of left and right heart enlarge-
ment are typical.

B. The main pulmonary artery can be dilated from in-
creased flow or PH.

IV. The ECG can be normal, or LV enlargement and wide or
splintered Q-wave in leads I, II, and aVF may be detected.

V. Echocardiography (2D imaging) demonstrates the defect
and Doppler studies delineate the direction and velocity of
shunting.

A. Restrictive defects are characterized by high velocity
(>4.5 m/sec) shunting, indicating maintenance of the
left-to-right ventricular pressure gradient.

B. Hemodynamically important defects create significant
left-sided volume overload.

C. It is important to scrutinize the RV for obstructive
lesions and the aortic root for malalignment or
regurgitation.

Differential Diagnosis

I. Other defects can lead to systolic murmurs on the right
side of the thorax, especially tricuspid valve dysplasia and
aortic stenosis.

II. Mitral regurgitation can create a similar murmur (in terms
of timing).
III. Subpulmonic VSDs create left basilar murmurs that can be
confused with PS, aortic stenosis, or mitral regurgitation.

Treatment

I. Most dogs and cats with an isolated, uncomplicated VSD
(without severe aortic regurgitation or other lesions) that
survive to 4 months of age do not require treatment.

II. Surgical closure of septal defects is the definitive treat-
ment but requires cardiopulmonary by-pass and open
heart surgery.

III. Palliative pulmonary arterial banding creates a supra-
valvular PS and reduces the magnitude of left-to-right
shunting; banding is reccommended only for those animals
with rapidly progressive cardiomegaly and overt or
impending CHE

IV. Transcatheter occlusion devices have been developed for
closure of VSDs.

V. If CHF develops, medical management is indicated (see
Treatment under Overview of Congenital Heart Disease).

VI. Right-to-left shunting can develop in dogs or cats with
VSD from PH (Eisenmenger’s complex); valvular or sub-
valvular PS; or progressive, midventricular fibromuscular
obstruction (double-chambered RV).

A. Exercise intolerance and polycythemia can develop.
B. Treatment is as described previously for polycythemia.

Monitoring of Animal

I. A small restrictive VSD carries an excellent prognosis for
longevity.
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II. CHF associated with VSD is uncommon in most small

animals.
III. CHF is anticipated in dogs with a VSD, aortic root prolapse,
and audible aortic regurgitation.
A. CHEF can develop during middle age from LV volume
overload.
B. Empirical treatment with ACE-inhibitors may be
considered.

IV. CHF also develops in some cats with VSD, especially when
the defect is nonrestrictive.

V. Infrequently, a VSD closes from fibrous tissue prolifera-
tion or adherence of the septal leaflet of the tricuspid
valve.

A. This can lead to a septal aneurysm but without
significant shunting.
B. These lesions are functionally closed.
VI. Yearly cardiology examinations with echocardiography are
recommended.

#Y ATRIAL SEPTAL DEFECT

Definition
I. An atrial septal defect (ASD) is a communication between
the left and right atria, and shunting usually proceeds
from left to right.

II. The location of an ASD determines the classification of
the defect.

A. They are defined as a secundum, primum, or sinus
venosus defects.

B. If the two membranes of the foramen ovale do not
close, the functional result is an ASD.

III. A defect in the ventrally located AV septum or the em-
bryonic endocardial cushions can lead to a primum
(ventral) ASD, VSD, and malformation of the septal leaflets
of the AV valves with regurgitation.

Causes

I. ASD is probably caused by genetic factors in some breeds

(see Table 8-1).

II. A patent foramen ovale is created when the two atrial
septal membranes are either pulled or pushed apart.

A. Patency can be maintained by either severe left atrial
stretching or from higher-than-normal right atrial pres-
sures that push the membranes apart.

B. The latter is caused by some other form of right-sided
disease (e.g., PS, tricuspid valve malformation).

Pathophysiology

I. A left-to-right shunt with volume overload of the right
atrium and RV occurs.

II. Pulmonary overcirculation is also present, but the left
atrium typically is normal in size (except with an endo-
cardial cushion defect).

III. A large ASD can cause right-sided CHF or lead to pulmo-
nary vascular injury with PH.

IV. An endocardial cushion defect can cause left-sided or
biventricular CHF.
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V. Right-to-left shunting can occur across an ASD in the pres-
ence of PH or from obstructive lesions on the right side of
the heart.

VI. Severe tricuspid regurgitation also can cause cyanosis
by raising right atrial pressure and causing right-to-left
shunting.

Clinical Signs

I. Most dogs and cats with an isolated ASD are asympto-
matic or have nonspecific signs.

II. Pressure differences across an ASD are relatively small;
therefore the defect does not cause a murmur other than
that of increased flow across the pulmonary valve (“relative”
PS).

III. Classically the second heart sound is split, owing to a
relatively longer duration of RV ejection.

IV. Occasionally, affected animals have signs of CHF (pleural
effusion, ascites) or PH.

V. Cyanosis indicates a complicated ASD.

Diagnosis
I. A systolic murmur is suspicious for CHD.

II. Radiography of an animal with a secundum ASD demon-
strates right heart enlargement, dilation of the pulmonary
artery, and overcirculation of the lungs; however, left atrial
size is variable.

[I. With an endocardial cushion defect, significant mitral
regurgitation can occur, leading to left heart enlargement
or evidence of left-sided CHF on radiography.

IV. ECG shows RV and usually right atrial enlargement with
right axis deviation; however, a left cranial frontal axis is
more typical of a primum ASD or an endocardial cushion
defect.

V. Echocardiography is the diagnostic study of choice.

A. The septal defect can be observed with 2D imaging,
and Doppler studies delineate the direction of shunting,
which is often bidirectional.

B. Itisimportant to scrutinize the RV for obstructive lesions
and the AV valves for malformation and regurgitation.

C. Overreliance on color Doppler imaging for the diag-
nosis is discouraged, because even normal right atrium
(RA) flow patterns can be confusing.

Differential Diagnosis

L. Rule out other causes of systolic murmurs in young dogs,
including pulmonic and aortic stenosis.

II. Anomalous pulmonary venous drainage can create a
similar physiology and may be associated with a sinus
venosus ASD.

Treatment

I. Little experience exists in the management of ASD in dogs
and cats, as this defect is relatively uncommon.
A. With a patent foramen ovale, treatment of the related
lesion can cause the defect to functionally close.
B. Transcatheter atrial septal occlusion devices have been
applied to dogs.

C. Open-heart surgery has been used for successful closure
of ASDs, but is not readily available.
II. If CHF develops, medical management is indicated.
III. Right-to-left shunting ASDs may cause exercise intoler-
ance and polycythemia that require treatment.

Monitoring of Animal

I. Yearly cardiology examinations with an echocardiogram
are recommended.
II. Radiographs are obtained to monitor endocardial cushion
defect cases.
III. Late-onset pulmonary vascular disease with PH or reversed
shunting can occur.

®¥ TETRALOGY OF FALLOT

Definition and Cause
I. Tetralogy of Fallot is defined as a combination of PS,
large (unrestrictive) VSD, dextropositioned aorta, and RV
hypertrophy.
II. It is one of the most common causes of cyanotic CHD
and has a genetic basis in some breeds (see Table 8-1).

Pathophysiology

I. The presence of PS increases RV systolic pressure and allows
shunting of blood from right to left.

II. Depending on the severity of RV outflow obstruction and
systemic vascular resistance, blood will shunt from right
to left, left to right, or (most commonly) in a bidirectional
manner.

III. Right-to-left shunting leads to hypoxemia, cyanosis, and
secondary polycythemia.

Clinical Signs

I. The history can include exercise intolerance, syncope, or
tachypnea.

II. When the PS is not severe, the condition is well tolerated
and shunting is predominately left to right (“pink
tetralogy”).

Diagnosis
I. A systolic murmur of PS is typically detected over the left
heart base.
II. Cyanosis is typical.

A. Pulse oximetry usually identifies clinically significant
desaturation (SpaO, <90%).

B. Blood gas analysis reveals hypoxemia, often with Po,
<65 mm Hg.

III. RV hypertrophy is evident on ECG and imaging studies.
IV. Radiographs demonstrate the following:

A. RV rounding, a small and straight left heart border
on the ventrodorsal projection, and pulmonary under-
circulation

B. The ascending aorta, which can be widened ventrally
on the lateral projection (overriding aorta)

V. Echocardiography (2D) is diagnostic and demonstrates
the four components of the malformation.



A. Doppler studies show low-velocity shunting across the
VSD and high-velocity flow (typically 4 to 5 m/sec)
across the proximal pulmonary artery.

B. Contrast echocardiography reveals right-to-left ven-
tricular shunting below the aortic root.

VI. PCV may indicate polycythemia in animals with persistent
oxygen desaturation.
VII. Cardiac catheterization is rarely needed to establish the
diagnosis.

Differential Diagnosis

L. Tricuspid atresia, pulmonary atresia (pseudotruncus arte-
riosus), PS with an ASD (or patent foramen ovale), and
VSD are other causes of cyanotic CHD.

II. Complex malformations, such as double-outlet RV, can
also lead to cyanotic CHD.

Treatment

I. Animals with a sedentary lifestyle often tolerate this dis-
ease well, especially if the PS is not too severe.

A. Some animals live for 5 years or longer.

B. Exercise creates vasodilation in skeletal muscle and
increases tissue oxygen demands, and may lead to
worsening of cyanosis, tachypnea, and exercise in-
tolerance.

II. Sudden death is common from progressive hypoxemia,
polycythemia, and cardiac arrhythmias.
III. Drugs that cause systemic vasodilation are avoided, as
right-to-left shunting can be exacerbated.
IV. Vasopressors may be needed during anesthesia to avoid
systemic hypotension that enhances right-to-left shunting.
V. Beta-blockade with propranolol (starting at 0.25 mg/kg

PO TID and increased over 4 weeks to 1 mg/kg PO TID)

can be beneficial by reducing exercise-induced RV hyper-

contractility.
VI. Definitive surgery is rarely done and involves cardio-
pulmonary by-pass.

VII. Palliative surgery involves the creation of an extracardiac
shunt between the systemic and pulmonary circulations
(e.g., Blalock-Taussig shunt).

A. Such shunts increase pulmonary flow, improve arte-
rial saturation, and can produce significant clinical
improvement.

B. The major limitation is the extent to which these
shunts remain patent.

C. Aspirin or other drugs that inhibit platelet activation
(e.g., clopidogrel) are indicated.

VIII. Balloon valvuloplasty of a stenotic pulmonary valve can
reduce RV pressure, but complete resolution of the PS is
contraindicated because it allows for marked left-to-right
shunting.

IX. Polycythemia is managed as described previously.

Monitoring of Animal

I. Monitor clinical signs, PCV, and arterial oxygen saturation.
II. Yearly reevaluation is indicated for stable cases.
I11. Ifa palliative shunt has been created, Doppler examination
is done to evaluate patency of the shunt.
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»¥ PULMONIC STENOSIS

Definition and Cause
I. Pulmonic stenosis (PS) is a congenital narrowing of the
pulmonic valve, subpulmonic region, or immediate supra-
valvular tissues.

II. The components of valvular PS include valve thickening,
fusion along the valvular commissures, and varying
degrees of hypoplasia of the valve.

III. Subvalvular obstruction can be fixed (fibrous) or related
to dynamic obstruction from infundibular muscular
hypertrophy.

IV. An unusual type of subvalvular PS is associated with a
single origin (R2A type) of the coronary arteries from the
right sinus of Valsalva.

A. It is most common in English bulldogs.
B. The left coronary artery causes an extramural, sub-
valvular obstruction.

V. PS is rare in cats.

VI. A genetic basis is responsible for most cases in dogs (see
Table 8-1).

Pathophysiology

I. Increased resistance to ejection creates a pressure over-
load of the RV, with compensatory concentric RV
hypertrophy.

I1. High-velocity ejection of blood across the stenosis is asso-
ciated with turbulent flow and poststenotic dilatation of
the pulmonary artery.

II1. If there is a concurrent patent foramen ovale, ASD, or
VSD, then right-to-left shunting can develop.

IV. Cardiac output is limited, and right-sided CHF can occur
from diastolic and systolic RV dysfunction, tricuspid re-
gurgitation, and, possibly, atrial fibrillation.

Clinical Signs

I. Most affected dogs are asymptomatic, but fatigue, exer-
cise intolerance, and syncope can be observed in severe
cases.

I1. If right-sided CHF occurs, abdominal distension develops
from ascites.

III. Approximately 30% of dogs with severe PS die suddenly.

Diagnosis
I. The typical ejection murmur of PS is systolic and loudest
over the pulmonary valve and craniodorsal left heart
base.

A. The more severe the defect, the louder and later the
murmur peak.

B. An ejection sound can be detected in valvular PS.

C. A loud holosystolic murmur on the right side is sug-
gestive of tricuspid regurgitation from either RV hyper-
trophy or concurrent tricuspid valve malformation.

II. Mucous membranes are pink, unless there is right-to-left
shunting.
III. A prominent jugular pulse can usually be identified.
IV. Right-sided CHF with hepatomegaly and ascites is found
in a small percentage of cases.
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V.

VI

VII.

VIII.

IX.

XI.

XII.
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Rarely, pleural effusion or chylothorax is identified in

dogs with CHE

ECG, thoracic radiography, and 2D echocardiography

demonstrate RV enlargement and, often, dilation of the

RA.

A. Imaging reveals poststenotic dilation of the pulmo-
nary artery in severe cases.

B. The pulmonary circulation is normal to reduced.

Doppler echocardiography shows high-velocity, turbulent

flow in the RV outflow tract and the pulmonary artery

along with pulmonary insufficiency.

If RV systolic function is normal (and the animal is

not heavily sedated or anesthetized), the peak velocity of

ejection correlates with the severity of obstruction.

A. Velocities <3.5 m/sec (peak gradient <50 mm Hg)
indicate a relatively mild stenosis and good prognosis.

B. Peak velocities >5 m/sec are considered severe
(100 mm Hg peak pressure gradient), and carry a
guarded to poor prognosis.

Careful examination of the atrial and ventricular septa

with color Doppler is needed to exclude a right-to-left

shunt, and contrast echocardiography is an efficient way

to screen for a defect.

. Concurrent tricuspid regurgitation is a common finding

and can develop from RV overload or from tricuspid valve
dysplasia.

Cardiac catheterization is performed mainly in prepara-
tion for catheter-based intervention.

Angiography may be required for the identification of a
single-origin coronary artery or other vascular anomalies.

Differential Diagnosis

L.

1L
III.

Another cause of CHD that creates a systolic murmur or
right-sided enlargement

Tetralogy of Fallot

Functional ejection murmur

Treatment

L.

II.

Mild to moderate PS (peak pressure gradients <50 and
100 mm Hg, respectively) generally carry a good prognosis
(survival of > 8 years).

A. Some dogs (75 to 100 mm Hg range) benefit from
valvuloplasty.

B. Severe disease (gradient > 100 mmHg) increases the
likelihood of sudden death or CHE.

Transcatheter balloon valvuloplasty is the treatment of

choice for moderate to severe PS when the lesion is

characterized by valvular thickening with commissural
fusion.

A. The procedural mortality is low when performed by
experienced operators, and the dilation usually results
in a 250% reduction of RV systolic pressures.

B. Successful valvuloplasty of severe stenosis reduces by
50% the risk of sudden death.

C. Therapy should not be delayed as gradients and muscu-
lar hypertrophy can progress with time and growth.

D. Valvuloplasty is contraindicated in dogs with a single
origin of the coronary artery.

III.

IV.

V.

VI

When PS is complicated by severe RV hypertrophy or sub-

valvular fibromuscular obstruction, balloon valvuloplasty

is combined with propranolol or atenolol (1 mg/kg PO

BID), sometimes for life.

Surgical techniques include patch grafting, pulmonary

valve repair or resection, or surgical dilation.

A. They are indicated for cases of severe fibromuscular
RV obstruction, broad subvalvular fibrous ring, or in
dogs in which PS is complicated by marked pulmonary
valvular hypoplasia.

B. An RV to pulmonary artery conduit can be used to
bypass a hypoplastic valve or stenosis related to an
anomalous coronary artery.

In cases that cannot be treated more definitively, atenolol

provides empirical cardiac protection.

PS with patent foramen ovale, ASD, or VSD can progress

to right-to-left shunting with polycythemia, which requires

treatment.

Monitoring of Animal

L.

1L

In cases of mild, stable PS, reevaluation may not be neces-
sary in dogs > 1 year of age.

Dogs with moderate to severe PS are examined yearly with
Doppler echocardiography so that the pressure gradient,
competency of the tricuspid valve, and RV systolic and
diastolic function can be monitored.

»¥ SUBAORTIC STENOSIS

Definition and Cause

L.

1L

III.

IV.

V.
VI

Aortic stenosis (AS) is a congenital narrowing of the LV

outflow tract.

A. The condition is common in dogs and rare in cats.

B. The most common location for obstruction is the
subvalvular portion of the outflow tract SAS.

Valvular AS occurs in some dogs and is characterized by

thick or fused aortic valve leaflets or by the presence of

fused bicuspid leaflets.

Subvalvular obstruction is typically fixed (fibrous).

A. Dynamic obstruction of the outflow tract can be
caused by a malformation of the mitral valve leading
to systolic anterior motion of the mitral valve.

B. This form of SAS is labile and worsens with elevated
sympathetic tone.

Intramural coronary arteries are abnormal in SAS and

reduce the blood supply to the myocardium.

Dogs with AS are at a higher risk for infective endocarditis.

SAS is a genetic disorder in many dogs (see Table 8-1).

Pathophysiology

L.

1L

III.

Pressure overload of the LV is created, with increased
systolic pressure needed to eject blood across the stenotic
zone.

This pressure is generated by concentric hypertrophy of
the LV.

High-velocity ejection is associated with poststenotic
turbulence and dilation in the ascending aorta.



IV. Coronary arterial insufficiency can lead to subendocardial
ischemia, which predisposes to exercise intolerance and
cardiac arrhythmias.

V. Cardiac output is limited, and left-sided CHF can develop
from diastolic and systolic LV dysfunction, mitral regurgita-
tion, and, possibly, atrial fibrillation.

VI. Syncope or sudden death can be triggered by exertion,
especially from ventricular arrhythmias or from stimula-
tion of ventricular mechanoreceptors (cardiac baroreceptor
reflex).

Clinical Signs

I. Most affected dogs are asymptomatic, but fatigue, exer-
cise intolerance, and syncope can be observed in severe
cases.

II. If CHF occurs, tachypnea and other respiratory signs arise
from pulmonary edema.

Diagnosis
I. The typical ejection murmur of AS is systolic and loudest
over the aortic valve and subaortic areas.

A. In SAS, the more severe the defect, the louder and later
peaking of the murmur, and the more likely a promi-
nent right-sided component (along with radiation into
the carotid arteries) will be evident.

B. The murmur of a true valvular AS is often loudest over
the right dorsal heart base.

C. A loud, holosystolic murmur over the apex may be
indicative of concurrent mitral regurgitation.

II. The femoral pulse is late-rising and weak with moderate
to severe AS.

III. Overt left-sided CHF occurs in a small percentage of
cases.

IV. ECG, thoracic radiography, and 2D echocardiography may
demonstrate LV enlargement in moderate to severe cases
and, less often, dilation of the LA.

A. Cardiac size may appear normal on thoracic radio-
graphs.

B. Concentric LV hypertrophy and subendocardial hyper-
echogenicity consistent with fibrosis is identified by
2D imaging with severe and sometimes moderate SAS.

C. Imaging often reveals poststenotic dilation of the

ascending aorta (on the right of the midline) in severe

cases.

The pulmonary circulation is normal to prominent.

The finding of left atrial dilation is a poor prognostic

sign and indicates either LV failure, mitral valve disease,

or a left-to-right shunt.

V. Doppler echocardiography shows high-velocity, turbulent
flow in the LV outflow tract and the ascending aorta, with
the most accurate velocities obtained from a subcostal
transducer position.

A. If LV systolic function is normal (and the animal is
not heavily sedated or anesthetized), the peak velocity
of ejection correlates with the severity of obstruction.

B. Peak velocities >4.5 to 5 m/sec are considered severe
(>80 to 100 mm Hg peak pressure gradient), and carry
a guarded to poor prognosis.

S
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C. Color and spectral Doppler examination reveal aortic
regurgitation (generally silent on auscultation).

D. The diagnosis of trivial AS by Doppler methods only
is controversial.

Differential Diagnosis

I. Other causes of CHD that create a systolic murmur or
left-sided enlargement: VSD, mitral valve malformation
II. Other causes of a left-sided murmur: PS, ASD
III. Functional ejection murmur

Treatment

I. Transcatheter balloon dilation of the stenotic orifice re-
duces LV pressure gradients by 40% to 50%, but does not
appear to provide any survival benefit over beta-blockade
with atenolol.

II. Open surgical resection of the stenotic lesion provides the
best long-term reduction of pressure gradients, but clinical
results have been disappointing.

III. With atenolol (1 to 2 mg/kg PO BID) a median survival of
>4 years has been observed in some dogs, even with severe
SAS (gradients >120 mm Hg).

A. Atenolol is recommended for all dogs with peak
gradients >50 mm Hg.

B. Beta-blockade of a dynamic SAS caused by mitral valve
malformation alleviates the obstruction and allows
regression of LV hypertrophy.

IV. Dogs with even mild disease are at higher risk for devel-
opment of infective endocarditis; therefore, prophylactic
antibiotics are administered during elective surgical proce-
dures or whenever wound contamination occurs.

Monitoring of Animal

I. In mild, stable SAS, reevaluation may not be necessary.

II. Dogs with moderate to severe SAS are examined annually
with Doppler echocardiography, so the pressure gradients,
competency of the aortic and mitral valves, and LV systolic
and diastolic functions can be monitored.

III. Giant-breed dogs are evaluated just before full maturity,
as the severity of the obstruction can increase dramatically
during the first year of life.

IV. Severe SAS carries a poor prognosis, owing to premature
death.

A. Sudden death from cardiac arrhythmias and progres-
sive LV dysfunction are typical outcomes.

B. Mature dogs with mild SAS are more likely to live
normal lives, although some still experience sudden
death.

BY ATRIOVENTRICULAR VALVULAR
DYSPLASIA

Definition
I. Dysplasia or malformation of the mitral or tricuspid valves
includes a number of morphologic abnormalities of the
AV valve apparatus, such as malformed papillary muscles;
excessively short or long chordae tendineae; abnormal valve
leaflets and cusps; and fusion along valve commissures.
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The functional outcome is valvular regurgitation (most

common), valvular stenosis with obstruction to ventricular

filling, or both.

A. Severity can range from trivial to life threatening.

B. Concurrent defects, such as an ASD or patent foramen
ovale, may occur.

C. Tricuspid dysplasia in Labrador retrievers can be asso-
ciated with anomalous conduction that predisposes to
reentrant supraventricular tachycardias.

Causes

L.

1L

AV valve dysplasia is most likely a genetic disorder in dogs
(see Table 8-1).

The mode of inheritance is likely autosomal dominant
with incomplete penetrance in Labrador retrievers with
tricuspid dysplasia.

Pathophysiology

L.

1L

AV valve regurgitation causes volume overload of the

affected side of the heart.

A. Chronic, severe regurgitation leads to CHE.

B. Atrial dilatation predisposes to atrial arrhythmias, in-
cluding atrial fibrillation.

The pathophysiology of AV valve stenosis is more com-

plicated.

A. The outcome of severe dysplasia may include CHF of
the affected side.

1. Atrial arrhythmias are also very common.
2. If the stenotic valve is competent, ventricular func-
tion is relatively normal.

B. Acute pulmonary capillary hypertension can lead to
acute edema and hemoptysis.

C. In cases of mitral stenosis, reactive changes in the
pulmonary vasculature can lead to significant PH with
RV hypertrophy and limited exercise capacity (most
common in cats).

D. In tricuspid stenosis (or severe regurgitation) there is
a high potential for continued patency of the foramen
ovale, which can lead to right-to-left shunting, arterial
hypoxemia, and cyanotic heart disease.

Clinical Signs

L.

1L
III.

Clinical signs can be absent until the onset of CHF or
atrial fibrillation.

Astute clients generally recognize some exercise intolerance.
With trivial or mild malformations, the dog is normal.

IV. With tricuspid dysplasia and a patent foramen ovale,

fatigue and obvious cyanosis may be noted.

Diagnosis

L.

1L

III.

The most common finding is a systolic murmur of AV
valvular regurgitation over the affected valve area; how-
ever, a mild AV valve malformation may not cause an
obvious murmur.

Diastolic murmurs of AV valve stenosis are usually very soft
and easily missed.

Mucous membranes are pink, unless there is right-to-left
shunting.

Iv.

V.

VI

VIIL

Definitive diagnosis requires careful 2D echocardiographic

imaging of the affected valve, combined with Doppler

studies.

A. Diagnosis of subtle AV valvular malformations is often
difficult and controversial.

B. Characteristic Doppler flow patterns can be identified
for valvular stenosis and regurgitation.

C. The severity of the disease can be gauged with non-
invasive ultrasound studies.

With mitral valve dysplasias changes are most evident on

the left side of the heart.

A. With mitral regurgitation, radiography, ECG, and 2D
echocardiography demonstrate LV and LA dilatation.

B. With mitral stenosis, marked left atrial dilation and
possibly PH with secondary RV hypertrophy are
evident.

C. Atrial fibrillation is common and can precipitate
clinical signs.

D. CHF with pulmonary edema is a common finding.

With tricuspid valve dysplasia, right-sided atrial and ven-

tricular enlargement is typical.

A. Right-sided CHF with hepatomegaly and ascites is
found in advanced cases.
1. Atrial fibrillation is common.
2. Rarely, pleural effusion or chylothorax is identified

in dogs.

B. A prominent jugular pulse can usually be identified.

C. Notched or “splintered” R-waves are observed on
ECG in dogs, along with occasional reentrant supra-
ventricular tachycardias or ventricular preexcitation.

D. Cyanosis, arterial hypoxemia, and polycythemia are
common when severe dysplasia is complicated by an
ASD.

Cardiac catheterization is rarely needed to establish the

diagnosis.

Differential Diagnosis

L.

II.

III.

Iv.

Dogs can survive for many years with AV valvular mal-
formation, so acquired disorders, such as myxomatous
valvular degeneration (endocardiosis), dilated cardio-
myopathy, and infective endocarditis, may also develop.
Endocardiosis, PH, and right-sided cardiomyopathies can
lead to tricuspid regurgitation and must be distinguished
from tricuspid dysplasia.

For cyanotic animals, the differential diagnosis is similar
to that for tetralogy of Fallot.

AV stenosis can also arise from an obstructive fibrous or
fibromuscular ring situated above the mitral or tricuspid
valve (called supravalvular mitral/tricuspid ring).

. Tricuspid stenosis can be confused (or occur along) with an

obstructive partitioning of the RA, termed cor triatriatum

dexter.

A. In this malformation, the caudal RA is separated from
the tricuspid orifice by a persistent membrane with a
small orifice.

B. Vena caval blood flow is obstructed and leads to
hepatomegaly and ascites.



C. A similar condition can rarely occur in the LA (cor
triatriatum sinister), leading to pulmonary venous ob-
struction.

Treatment

I. Balloon valvuloplasty has been variably successful in dogs
with tricuspid and mitral valvular or supravalvular stenosis.
II. Surgical repair or annular support of affected valves can be
attempted.
II1. Replacement or repair of dysplastic valves has been per-
formed successfully with cardiopulmonary by-pass.
IV. Most cases are treated medically when signs of CHF or
atrial fibrillation develop.

A. Use of an ACE-inhibitor (enalapril) and a beta-
blocker (carvedilol, metoprolol) may be considered for
dogs with severe mitral regurgitation and associated
cardiomegaly.

B. Heart rate control and avoidance of tachycardia is im-
portant to improve ventricular filling in animals with
stenotic AV valves.

1. Beta-blockers may be beneficial in preventing sinus
tachycardia.
2. Diltiazem may be useful for atrial fibrillation.

C. Animals with stenotic AV valves may be sensitive to
diuretic therapy, as ventricular filling depends on higher
atrial pressures; however, such therapy may be life
saving for peracute pulmonary edema with hemoptysis.

V. Tricuspid malformation associated with an ASD can lead
to right-to-left shunting, so manage any secondary poly-
cythemia (discussed previously).

VI. Mild mitral or tricuspid valvular dysplasia is often well
tolerated; however, severe lesions lead to CHF and
arrhythmias.
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A. Dogs with severe mitral disease usually develop CHF
in early to middle age, particularly when the valve is
both stenotic and incompetent.

B. Many dogs with relatively severe tricuspid regurgita-
tion survive for 7 to 8 years before CHF ensues.

Monitoring of Animal

I. The course of disease can be relatively long, especially with
tricuspid dysplasia.
II. Severe AV valvular stenosis often causes signs within the
first 1 to 2 years of life.
III. For asymptomatic dogs and cats with moderate to severe
disease, a cardiology evaluation and echocardiography are
preformed at least yearly.
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Atrioventricular Valvular Degeneration

Definition

L.

1L

III.

IV.

Pathologic degeneration of the atrioventricular (AV) valves
is characterized by the accumulation of glycosamino-
glycans (myxomatous proliferation) and fibrosis of the
valve leaflets and tendinous chordae.

Valvular degeneration leads to insufficient coaptation of
the valve leaflet, valvular regurgitation, and eventually con-
gestive heart failure (CHF) in some animals.

The degeneration most commonly involves the mitral
valve, with or without involvement of the tricuspid valve.
Isolated tricuspid degeneration occurs but is less common.

. It has been given many names, including endocardiosis,

chronic degenerative valvular disease, chronic valvular
disease, chronic valvular fibrosis, and acquired mitral or
tricuspid regurgitation or insufficiency.

Causes

L.

1L

III.

IV.

94

The primary (inciting) cause of myxomatous degeneration

is currently unknown.

The primary factor may be a defect in the quality of

connective tissue (ground substance) within the valve.

There is no scientific evidence of any association between

the disease and vaccination routines or hematological

spread of bacteria from the oral cavity.

AV valvular disease is the most common cardiac disease in

dogs, and accounts for the highest cardiac-related mortality

(Egenvall et al., 2006).

A. The disease occurs in all breeds, but is most common
in small- to medium-sized dogs, such as the papillon,
poodle, Chihuahua, dachshund, and Cavalier King
Charles spaniel (Egenvall et al., 2006).

B. The condition is common in older dogs.

1. Age of onset is inherited as a polygenetic trait
(Swenson et al., 1996; Olsen et al., 1999).

2. Males have an earlier onset and progress more rapidly
than females (Haggstrom et al., 2004; Egenvall et al.,
2006).

C. The major role played by genetic factors suggests that
other factors (level of exercise, degree of obesity, diet)
play only a small role.

D. The prevalence of acquired mitral valve disease in cats
without primary myocardial disease is unknown, but it
is low and rarely clinically important.

Pathophysiology

L.

1L

Myxomatous degeneration

A. The primary defect leads to abnormal valve motion
with prolapse of the leaflets, which in turn increases
the shear stress imposed on the leaflets, both directly
(abnormal leaflet apposition) and indirectly (increased
regurgitant flow).

B. Regurgitation and valve stress leads to endothelial
damage and subsequent activation of fibroblasts in the
valve (Black et al., 2005).

C. This activation causes subendothelial deposition of
glycosaminoglycans and fibrosis, leading to further
distortion of valve morphology and regurgitation
(Black et al., 2005).

Valve regurgitation and heart failure

A. With progression, the valvular lesions cause insuffi-
cient coaptation of the leaflets, leading to regurgitation
into the atrium.

B. Severity and progression of AV valve regurgitation de-
pends on the severity and progression of the valvular
lesions (Olsen et al., 1999; Pedersen et al., 1999b).

C. Ventricular dilatation further increases the regurgita-
tion by causing secondary valvular insufficiency.

D. Compensatory mechanisms include cardiac dilatation,
eccentric hypertrophy, increased force and rate of
contraction, increased heart rate, increased pulmonary
lymphatic drainage (left-sided AV valve regurgitation),
fluid retention, and neurohormonal modulation of
cardiovascular function (Higgstrom et al., 2005).

E. With progression, compensation is no longer possible
and leads to reduced cardiac output and increased
venous pressures with subsequent pulmonary edema
(left-sided CHF) or ascites (right-sided CHF).



Clinical Signs

L.

1L

III.

Chief complaints

A. A murmur may be an incidental finding, with no clinical
signs of disease caused by the valvular regurgitation.

B. Valvular regurgitation may cause cardiac compression
of the main stem bronchi.

1. Cough

2. Tachypnea, dyspnea

3. Syncope in conjunction with paroxysms of cough-
ing, often triggered by excitement or exercise

C. Syncope may occur as a consequence of intermittent
supraventricular tachycardia.

D. Valvular regurgitation may cause clinical signs of CHF
(most commonly left-sided).

1. Cough: often worse in the morning or evening hours

. Tachypnea, dyspnea, orthopnea

. Lethargy, anorexia

. Reduced exercise tolerance

. Syncope

. Weight loss

. Ascites (right-sided CHF)

E. Sudden death may occur as a consequence of an acute
complication (see Monitoring of Animal), but is un-
common, especially in the absence of clinical signs of
CHE.

Physical examination findings in asymptomatic animals

A. A systolic click (early stage) is a high-pitched, sharp
sound between S1 and S2 heart sounds.

B. An apical systolic heart murmur is present with mitral
or tricuspid regurgitation.

C. A soft early, late, or holosystolic murmur (grade I-1I/
VI) is consistent with mild regurgitation.

D. A loud murmur (grade IV-VI/VI) is consistent with
moderate to severe regurgitation (Haggstrom et al.,
1994).

Physical examination findings in symptomatic animals

A. Loud heart murmur (grade IV-VI/VI) and loud first

heart sound, unless there is significant myocardial failure

Tachycardia and loss of respiratory sinus arrhythmia

+ Arrhythmia, most commonly supraventricular, pre-

mature beats or atrial fibrillation

Weak femoral pulses, pulse deficits

Prolonged capillary refill time, pale mucous membranes

Tachypnea, dyspnea, orthopnea

* Respiratory crackles (rales) from pulmonary edema

Pink froth in the nostrils and oropharynx from pulmo-

nary edema (fulminant CHF)

Ascites and jugular venous distension with right-sided

CHF
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Diagnosis

L.

Auscultatory findings of a systolic click and/or a left apical

systolic murmur compatible with mitral regurgitation

(MR) in a geriatric dog of a typical breed are highly sug-

gestive of myxomatous valve disease.

A. A low-intensity murmur (grade I-II), with or without
a systolic click in an otherwise healthy dog, usually
indicates low disease severity.
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B. A high-intensity murmur (grade IV-VI) and increased
intensity of SI indicates a more advanced stage of
disease.

. Echocardiographic findings include thickening or pro-

lapse of the AV valve and identification of a regurgitant jet

on spectral or color flow Doppler (Box 9-1).

A. Determination of severity of MR involves assessment
of the magnitude of left atrial (LA) dilation and left
ventricular (LV) eccentric hypertrophy.

B. Size of the regurgitant jet on color Doppler may be used
to semiquantify the severity of MR (Kittleson
et al., 1998; Kittleson et al., 2003).

C. Unlike small breed dogs, large breed dogs less com-
monly have severe valve prolapse and thickening.

Presence of tachyarrhythmias, such as atrial fibrillation or

ventricular ectopy on electrocardiography usually indicates

severe disease, presence of complications (acute chordal
rupture or myocardial infarction), or other concurrent
cardiac disease.

IV. Supraventricular premature complexes are the most

common arrhythmia.

V. Radiographic findings include left-sided cardiomegaly

and LA dilation in dogs, with moderate or severe MR.

Box 9-1

Abnormality
Severe valvular disease

Size and velocity of

Left atrial dilation in
Severe LA dilation, high

LV volume overload in

LV systolic failure in large

Pulmonary hypertension

Echocardiographic Findings in Dogs with
Myxomatous Mitral Valvular Disease

Echocardiographic Finding

Severe prolapse (>2 mm), valvular
thickening, ruptured chordae
tendineae, valve flailing

Color Doppler semiquantitative

Jet size <30% of LA size = mild MR

Jet size >50% of LA size = severe MR

Large jet with velocity <5-6 m/sec
indicative of increased LA pressure

LA:Ao >1.5 = mild LA dilation

(poor prognosis)

regurgitant jet

mild MR

LA:Ao >2 = severe LA dilation
likelihood of CHF

T LV internal diastolic diameter

T Fractional shortening (>40%)
Hyperdynamic contractions

T End systolic diameter

Normalized or | fractional shortening
T EPSS (>6 mm)

moderate or severe MR

dogs with mild MR or

in small dogs with

chronic severe MR

Right atrial and ventricular
enlargement, tricuspid
regurgitation

TR velocity >2.8 m/sec

Pl velocity >2.2 m/sec (Johnson
et al., 1999)

(uncommon)

LA, Left atrium; MR, mitral regurgitation; CHF, congestive heart failure; LA:Ao, left atrial to
aortic root diameter; LV, left ventricle; EPSS, E point to septal separation; TR, tricuspid
regurgitation; PI, pulmonic insufficiency
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A. Vertebral heart score of >10.5 is indicative of cardiac
enlargement (Buchanan and Biicheler, 1995).

B. Left-sided CHF causes perihilar to caudodorsal pulmo-
nary infiltrates (interstitial, mixed, or alveolar pattern)
and pulmonary venous distention.

C. Compression of the left mainstem bronchus causes
widening of the left bronchial angle at the body of
the LA on dorsoventral and ventrodorsal views and
splitting of the bronchi on the lateral view.

Blood pressure (BP) is measured to identify dogs with

hypertension (>160 mmHg), because MR is worsened by

increased afterload.

Hematology and biochemistry panels are usually un-

remarkable in mild cases, but more serious cases may have

mildly increased liver enzymes and evidence of prerenal
azotemia.

Serum troponin I levels are normal (usually <0.07 ng/mL)

in mild cases.

A. Levels are mildly to moderately increased with moder-
ate to severe disease.

B. Severe elevations indicate myocardial ischemia, myo-
carditis, or infarction (Oyama et al., 2004).

Measurement of natriuretic peptides is often unremark-

able in mild cases.

A. Moderate to severe disease is associated with increased
levels (Haggstrom et al., 2000).

B. Plasma concentration of brain natriuretic peptide
may be useful to differentiate dogs with CHF-related
dyspnea from other causes.

Differential Diagnosis

L.

1L

III.

Iv.

Other causes of systolic heart murmurs

A. Secondary MR from dilated or hypertrophic cardio-
myopathy

B. Congenital heart diseases, especially mitral valve dys-
plasia

C. Infective endocarditis of the AV valve

D. Anemia

E. Physiological flow (innocent) murmur
1. Soft (grade I-II/VI) early systolic murmur
2. Localized to the basilar region or poorly localized

to the left side

Other causes of respiratory distress

A. Primary respiratory diseases: bronchitis, pneumonia,
tracheal/bronchial collapse, neoplasia, others

B. Pleural effusion

C. Noncardiogenic pulmonary edema

D. Anemia

Other causes of reduced exercise capacity, lethargy, and

muscle wasting

A. Musculoskeletal diseases: chronic degenerative joint
disease, intervertebral disc disease, neuromuscular
disease, others

B. Other systemic diseases: renal or hepatic failure, neo-
plasia, anemia

Other causes of episodic weakness and/or syncopal-like

signs

A. Seizures
B. Primary arrhythmias

Treatment

I. Asymptomatic disease

A. Treatment is not indicated in the absence of clinical
signs.

B. Surgical repair or valve replacement is usually not
technically or economically feasible.

C. No treatment has been shown to slow or halt disease
progression (Kvart et al., 2002; Haggstrom et al., 2004).

II. Symptomatic disease

A. Goal is to alleviate clinical signs and improve quality of
life and life expectancy.

B. Treatment involves eliminating pulmonary edema and/
or ascites, improving hemodynamic flow, controlling
heart rate, reducing aortic impedance, providing
inotropic support, and protecting the heart from
detrimental exposure to neurohormones.

III. Treatment of dogs with compression of mainstem bronchus

and no evidence of CHF on radiographs
A. Cough suppressants
1. Hydrocodone bitartrate 2.5 to 10 mg/dog PO BID
to QID
2. Butorphanol 0.55 to 1.1 mg/kg PO BID to QID
B. Arterial vasodilators to reduce afterload, regurgitant
fraction, and LA size
1. The goal is to reduce the systolic blood pressure by
10 to 20 mm Hg compared with baseline in normo-
tensive dogs.
2. Goal in hypertensive dogs is to reduce the systolic
blood pressure to <140 mm Hg (Kittleson MD et al.,
1983).
3. Hydralazine is given at 1 to 2 mg/kg PO BID; gastro-
intestinal side effects are common.
4. Amlodipine is given at 0.1 to 0.3 mg/kg PO SID to
BID.

IV. Treatment of acute heart failure

A. Diuresis with furosemide
1. Dose for moderate CHF: 2 to 4 mg/kg IV, IM, SC,
PO BID to TID
2. Dose for severe or fulminant CHF: 4 to 8 mg/kg IV,
IM, SC every 2 to 6 hours
B. Oxygen supplementation and cage rest with 60% oxy-
gen, then decreased to <50% after 12 hours
C. Nitroglycerine ointment 4 to 12 mg topically BID to
TID
1. Apply inside the pinna while wearing gloves.
2. Whether it actually causes venodilation in dogs is
controversial (Parameswaran et al., 1999).
D. Arterial vasodilators
1. In animals with severe CHF that do not respond
to aggressive diuresis with furosemide, an arterial
vasodilator is used to reduce afterload.
2. Hydralazine (1 to 3 mg/kg PO BID) causes acute
vasodilation within 30 minutes.
a. Monitor BP every 1 hour initially.
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b. Repeat dose if BP has not decreased by 15 to
20 mm Hg.

¢. If no change in BP occurs, increase to maximum
cumulative dose of 3 mg/kg.

d. Total cumulative dose is then given BID.

e. Reduce dose by 50% in dogs on angiotensin
converting enzyme (ACE) inhibitors (Kittleson,
1985).

3. Amlodipine (0.1 to 0.3 mg/kg PO SID to BID) causes
vasodilation in 4 to 6 hours, so is not used for
fulminant CHE.

4. Sodium nitroprusside (1 to 5 pug/kg/min IV as a con-
stant rate infusion; maximum 10 pg/kg/min IV) is a
potent vasodilator that acts within minutes and
must be carefully monitored with BP measurements
(preferably direct arterial BP).

Pimobendan 0.3 to 0.5 mg/kg PO BID

Abdominal paracentesis for moderate or severe ascites

V. Treatment of chronic heart failure
A. Choice of drug(s) depends on disease severity and

B.

clinical signs.

Diuretics are used when there is evidence of CHF on

thoracic radiographs or as a preventative in dogs with

previous episodes of CHFE.
1. Furosemide
a. Dose for mild to moderate CHF: 1 to 3 mg/kg PO
SID to BID

b. Dose for moderate to severe CHF: 2 to 4 mg/kg
PO BID to TID

c. Doses incrementally increased as needed

d. Maximum effective dose: 4 mg/kg PO TID

2. Spironolactone 2 mg/kg PO SID to BID

a. It is a weak diuretic and is used as adjunctive
therapy with furosemide.

b. It may reduce potassium loss in animals receiving
furosemide.

3. Hydrochlorothiazide (2 to 4 mg/kg PO BID) for
animals with refractory CHF already receiving high
furosemide doses

ACE inhibitors are indicated once CHF develops.

1. They may improve quality of life, cause minimal
to mild reductions in BP, and are not used primarily
as vasodilators.

2. They exert modest, positive effects over weeks to
months and are not used in acute CHE.

3. They may cause significant azotemia if given to a
dehydrated animal that has been treated aggressively
with diuretics.

4. Functional azotemia may be seen in a small percen-
tage of dogs and is reversible once the ACE inhibitor
is stopped.

5. A renal panel is indicated prior to starting ACE
inhibitors, and repeated in 1 to 2 weeks, with dis-
continuation if moderate or severe azotemia is
detected.

6. Doses are as follows:

a. Enalapril 0.5 mg/kg PO BID
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b. Benazepril 0.25 to 0.5 mg/kg PO SID
¢. Ramipril 0.25 to 0.5 mg/kg PO SID

. Pimobendan is a phosphodiesterase III inhibitor that

acts as a vasodilator and a positive inotrope.

1. Pimobendan is approved in Canada and most
European countries, but not in the United States.

a. It may be imported on a compassionate use basis,
with permission from the Food and Drug Admin-
istration.

b. The approval process takes at least 4 weeks.

2. Hemodynamic effects include reduction in syste-
mic and pulmonary vascular resistance, positive
lusitropic (improves diastolic function) and inotropic
activity, reduction in LV filling and LA pressure, and
improvement in myocardial contractile efficiency
without increasing oxygen consumption.

3. It significantly reduces mortality and improves the
quality of life in dogs with CHF (Smith et al., 2005;
Lombard et al., 2006).

4. Dosage is 0.3 to 0.5 mg/kg PO BID; the presence of
food reduces absorption.

5. Side effects include tachycardia and gastrointestinal
upset, which are dose related.

6. Contraindications are hypertrophic cardiomyopathy
or conditions in which increased stroke volume
is not possible owing to functional or anatomical
obstructions (e.g., aortic stenosis).

7. It should not be combined with a calcium-channel
blocker.

. Digoxin (0.005 to 0.01 mg/kg or 0.22 mg/m* PO BID)

is administered to control heart rate if a tachyarrhyth-
mia, such as atrial fibrillation, is present, and may be
used in dogs with moderate or severe myocardial failure
and MR.

Tachyarrhythmias, such as atrial fibrillation, may re-
quire therapy with beta blockers or calcium channel
blockers, but these drugs must be used with caution
because they are negative inotropes (see Chapter 6).

. Avoid food with high sodium content, such as salty

table foods, cured meats and cheeses, and salty dog
treats (sausage or bacon flavor).

. Low-salt, cardiovascular diets (0.15 to 0.2 g Na/1000

kcal) can be used in animals receiving high diuretic

doses for refractory, chronic CHE

1. Such diets help limit sodium and water retention
and are used in conjunction with standard medical
therapy.

2. Some dogs find these diets less palatable (Rush et al.,
2000).

Affected dogs are allowed walks, but strenuous exercise

is avoided.

Monitoring of Animal

I. Frequency of recheck examinations depends on the severity
of valvular insufficiency and clinical signs.

II. Asymptomatic dogs with slight to moderate regurgita-
tion are rechecked every 6 to 12 months, and those with
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moderate to severe regurgitation are rechecked every 3
months.

After control of acute CHF and discharge from the hospital,
reexamination is scheduled in 1 to 2 weeks.

A.

Monitor for resolution of clinical signs, level of hydra-
tion, electrolytes, renal function, thoracic radiographic
evidence of CHF, and the presence of complications.

If the dog is stable, rechecks are scheduled every 3 to
6 months thereafter, with more severe cases requiring
more frequent monitoring.

Complications to monitor for include the following:

A.
B.

C.

Asymptomatic dogs may develop CHE.

Dogs stabilized by medical therapy often develop
recurrent CHE

Dogs with initially left-sided CHF may develop biven-
tricular CHE with pulmonary hypertension and ascites.
Arrhythmias, especially atrial fibrillation, may occur
and may worsen CHE.

Rupture of the chordae tendinae may cause life-
threatening pulmonary edema or sudden death.

An atrial tear may lead to an acquired atrial septal defect
or pericardial effusion and cardiac tamponade.
Formation of an intracardiac thrombus or large myo-
cardial infarction are rare events.

. Small infarcts caused by arteriosclerotic changes are

common, but their clinical significance is currently un-
known (Héggstrom et al., 2005).

V. Prognosis and outcome are highly variable.

A.

B.

Dogs without signs of CHF may remain asymptomatic

for several years.

1. Risk factors for progression from mild to severe
disease include the severity of valvular lesions, in-
creasing age, and male gender.

2. Risk factors for the onset of CHF include regurgi-
tation severity, LA size, and elevations of natriuretic
peptides (Higgstrom et al., 2000).

The prognosis for dogs with CHF (acute or stabilized)

is dependent on age, severity of failure, and presence

of other diseases (e.g., renal failure).

Clinical trials have shown a mean survival time after

onset of CHF of 8 to 10 months, but survival time may

vary from days to years (Ettinger et al., 1998; BENCH

Study Group, 1999).

#¥ INFECTIOUS DISORDERS

Kristin MacDonald

Endocarditis

Definition

L. Infective endocarditis is caused by invasion of a microbe
into the endothelium of the valves of the heart, resulting in
proliferative or erosive lesions, and, consequently, valvular
insufficiency.

Endocarditis has a low incidence in dogs, and is extremely
rare in cats.
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II. The mitral and aortic valves are almost exclusively
infected.

Causes

I. Predisposing factors

A.

B.
C.

Bacteremia from diskospondylitis, prostatitis, pneu-
monia, urinary tract infections, pyoderma, periodontal
disease, and long-term, indwelling central venous
catheters

Subaortic stenosis (SAS) (Sisson and Thomas, 1984)
Possible increased risk associated with corticosteroid
use (Calvert, 1982)

II. Etiologic agents

A.

The most common bacterial isolates are Staphylo-

coccal spp. (S. aureus, S. intermedius, coagulase positive,

and coagulase negative), Streptococcus spp. (S. canis,

S. bovis, and beta-hemolytic), and Escherichia coli.

Other less common bacteria include Pseudomonas

spp., Erysipelothrix rhusiopathiae, Enterobacter spp.,

Pasteurella spp., Corynebacterium spp., and Proteus

spp-

Since many dogs are currently receiving antibiotics at

the time of blood culture, most cases (60% to 70%) are

culture negative (MacDonald et al., 2004; Sisson and

Thomas, 1984).

Bartonella spp. is a fastidious, intracellular bacteria that

has emerged as an important cause of endocarditis in

dogs.

1. Bartonella spp. were identified in 28% of affected
dogs and 45% of dogs with negative blood cultures
(MacDonald et al., 2004).

2. Bartonella vinsonii berkhoffii is the most common
species isolated, followed by B. henselae, B.
clarridgeiae, B. clarridgeiae-like, and B. washoensis
(MacDonald et al., 2004).

Pathophysiology

I. The inciting event is bacterial adherence to the valve.

A.

B.

C.

Disruption of the endothelial surface may occur sec-
ondary to inflammatory or mechanical (SAS) causes.
A coagulum of fibrinogen, fibrin, platelet proteins,
and fibronectin forms and avidly binds bacteria, and
shields them from host defense and antibiotics.
Bacteria may secrete destructive enzymes that erode
the valve.

II. Severe mitral or aortic valvular insufficiency leads to
elevated LV end-diastolic pressure, LA pressure, and pulmo-
nary capillary wedge pressure, with subsequent left heart
failure.

III. Affected animals may develop high titers of antibodies
against the offending bacteria.

A.

B.

C.

Immune complexes form, and consist of immuno-
globulin (Ig) M, IgG, and complement.

Rheumatoid factor may also be increased, which im-
pairs the ability to solubilize immune complexes.
Immune complexes are deposited in the basement
membrane and cause further complement activation
and tissue destruction.
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D. Immune-mediated glomerulonephritis, polyarthritis,
and skin diseases are common sequelae.

Septic or aseptic thromboembolism frequently occurs to

the kidney, spleen, heart, brain, systemic arteries, and other

organs.

Clinical Signs

L.

Medium to large breed, middle-aged to older male dogs
are most commonly affected.

II. The most common clinical sign is lameness (44%), fol-
lowed by lethargy, anorexia, respiratory abnormalities,
weakness, and collapse (MacDonald et al., 2004).

III. Cardiovascular abnormalities are commonly found.

A. A murmur is present in most (89% to 96%) dogs
(MacDonald et al., 2004; Calvert, 1982).

1. Aleft apical holosystolic murmur occurs with MR.

2. Aleftbasilar diastolic murmur and bounding femoral
arterial pulses are highly suggestive of aortic valve
involvement.

B. Many dogs (4% to 70%) have arrhythmias, including
(in order of incidence) ventricular arrhythmias, supra-
ventricular tachycardia, third-degree AV block, and
atrial fibrillation (MacDonald et al., 2004; Sisson and
Thomas, 1984; Calvert, 1982).

C. Dyspnea, cough, or rales may be present in animals
with CHE

IV. Fever is present in 70% of dogs, and joint effusion and
lameness are also common (MacDonald et al., 2004).

Diagnosis
I. The criteria for diagnosis are presented in Table 9-1.
I1. Positive blood cultures help confirm the disease.

A. Blood samples (three or four) are aseptically collected
from different venous sites, 30 to 60 minutes apart,
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and submitted for aerobic and anaerobic bacterial
culture.

B. Lysis centrifugation tubes (Isolator, Isostat microbial
system, Wampole Laboratories, Cranbury, NJ) may
increase yield of bacteria.

Serum is submitted for measurement of antibody titers to

Bartonella vinsonii berkhoffii, Bartonella clarridgeiae, and

Bartonella henselae.

A. A titer 21:1024 is strongly suggestive of Bartonellosis.

B. There is strong cross reactivity among the Bartonella
spp.

C. Bartonella spp. are rarely cultured despite long-term
incubation in enriched medium, so culture is not
recommended.

Echocardiographic identification of a hyperechoic, oscil-

lating, vegetative lesion on the valve is the principal method

of diagnosing endocarditis.

A. Erosive lesions may be more difficult to identify.

B. Color flow Doppler is used to assess the presence and
severity of valvular insufficiency.

C. LA enlargement may be present in chronic endocarditis
of the mitral valve, but LA size is most often normal in
acute disease.

D. LV eccentric hypertrophy (increased LV diastolic diam-
eter) occurs in response to chronic aortic and mitral
endocarditis.

E. End-systolic diameter and E-point to septal separation
may be increased and fractional shortening decreased
in animals with systolic failure secondary to chronic
aortic insufficiency.

E  Transesophageal echocardiography may be needed if
visualization of the valves is poor with transthoracic
echocardiography and a high clinical suspicion of
endocarditis exists.

P

Criteria for Diagnosis of Infective Endocarditis in Small Animals

MAJOR CRITERIA

MINOR CRITERIA

DIAGNOSIS

Positive echocardiogram: vegetative

New valvular insufficiency: mild aortic

Positive blood culture:

Fever
or erosive lesion, or abscess

insufficiency without subaortic
stenosis or annuloaortic ectasia

>2 positive blood cultures
>3 if isolate is common skin contaminant

Medium to large dog (>15 kg)
Subaortic stenosis

Thromboembolic disease

Immune mediated disease:
polyarthritis, glomerulonephritis

Positive blood culture not meeting
major criteria

Bartonella spp. serology > 1:1024*

Definite
Histopathology of valve
2 major criteria present
1 major and 2 minor criteria present
Possible
1 major and 1 minor criteria present
3 minor criteria present
Rejected
Other disease diagnosed
Resolution of regurgitation or valvular
abnormality within 4 days of treatment
No pathologic evidence of endocarditis
on postmortem examination

Criteria are modified from Baddour LM, Wilson WR, Bayer AS et al: Infective endocarditis: diagnosis, antimicrobial therapy, and management complications. Circulation.
111:e394, 2005.

*Not officially accepted yet as a criterion in dogs.
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V. Thoracic radiographs are obtained to evaluate for CHE

which is seen in approximately 50% of affected dogs

(MacDonald et al., 2004).

A. Perihilar to caudodorsal interstitial to alveolar pulmo-
nary infiltrates and pulmonary venous distension are
characteristics of left-sided CHFE.

B. Often there is no evidence of LA enlargement because
of the acute nature.

VI. Other diagnostic tests include a complete blood count,

serum biochemistry panel, urinalysis, urine protein:creati-

nine ratio (if proteinuria is present), and urine culture.

A. Most animals (78%) have leukocytosis, with mature
neutrophilia and monocytosis (MacDonald et al.,
2004).

B. A mild, nonregenerative anemia is also common.

C. Serum biochemistries often reveal azotemia (prerenal
or renal), metabolic acidosis, hypoalbuminemia, and
elevated liver enzymes.

D. Hemoglobinuria, hematuria, cystitis, and proteinuria
may also be seen.

Differential Diagnosis

I. MR from myxomatous mitral valve degeneration or mitral
valve dysplasia

II. Aortic insufficiency secondary to aortic valve degeneration

or a large ventricular septal defect

III. Lameness from immune-mediated polyarthritis, septic

arthritis, tick-borne diseases, or degenerative arthritis

IV. Fever from other systemic diseases, such as sepsis, pneu-

monia, neoplasia, or immune-mediated diseases

Treatment

I. Long-term, bactericidal antibiotic treatment is necessary

for 3 to 4 months.

A. Selection of the appropriate antibiotic is based upon
culture and sensitivity.

B. While the culture results are pending, or if there is
no microbe cultured, empirical treatment with broad-
spectrum antibiotics (aminoglycosides, beta-lactams)
is reccommended.

C. Initially, antibiotics are administered for 1 to 2 weeks
IV, followed by PO forms.

D. 1V fluids are necessary for animals treated with amino-
glycosides, and concurrent furosemide is avoided
because it worsens aminoglycoside-induced nephro-
toxicity.

E. Aminoglycosides are contraindicated in CHF for these
reasons.

II. Specific antibiotic combinations include the following:

A. Acute endocarditis
1. Amikacin 20 mg/kg IV SID and Timentin 50 mg/kg
IV QID or
2. Amikacin and imipenem 10 mg/kg IV TID for 1 to
2 weeks
B. Chronic endocarditis
1. Imipenem 10 mg/kg SC TID or
2. Amoxicillin-clavulanate 20 mg/kg PO TID or

III.

3. Enrofloxacin 5 to 10 mg/kg PO BID for 8 weeks
(dogs)
C. For treatment of Bartonellosis
1. Acute endocarditis: amikacin (20 mg/kg IV SID)
and Timentin 50 mg/kg IV QID for 1 to 2 weeks
2. Chronic endocarditis
a. Amoxicillin-clavulanate 20 mg/kg PO TID or
b. Doxycycline 5 mg/kg PO SID for 6 to 8 weeks or
c. Azithromycin 5 mg/kg PO SID for 7 days, then
QOD for 6 to 8 weeks
Treatment of CHF involves the following:
A. Diuresis with furosemide
1. Stable mild to moderate CHF: 1 to 4 mg/kg PO
BID-TID
2. Acute fulminant CHF: 5 to 8 mg/kg IV every 2 to
4 hours initially, then reduced
B. ACE inhibitors
1. Enalapril 0.5 mg/kg PO BID
2. Lisinopril 0.5 mg/kg PO SID
3. Benazepril 0.25 to 0.5 mg/kg SID
4. Ramipril 0.25 to 0.5 mg/kg PO SID
C. Positive inotropes if there is myocardial failure: digoxin,
pimobendan
D. Afterload reducers for severe aortic insufficiency:
hydralazine, nitroprusside, amlodipine

Monitoring of Animal

L.

1L

III.

IV.

V.

In animals with positive blood or urine cultures, repeat the

culture 1 to 2 weeks after starting antibiotics, and 2 weeks

after termination of the antibiotics.

An echocardiogram is repeated 1 to 2 weeks after starting

therapy, at 4 weeks, and at 2 weeks after stopping therapy

to assess vegetative size, chamber sizes, severity of valvular

insufficiency, and ventricular function.

Repeat antibody titers for Bartonella spp. after 1 month

of treatment; if they have not decreased, change the

antibiotic.

Prophylactic treatment may be considered in animals with

increased risk for endocarditis (SAS).

A. A beta-lactam or cephalosporin is given 1 hour before
and 6 hours after surgery or any dental procedure.

B. No evidence exists that dogs with myxomatous valve
degeneration are at increased risk of endocarditis.

Prognosis is grave for aortic endocarditis (median survival

of 3 days) (MacDonald et al., 2004).

A. Median survival of mitral endocarditis is 476 days
(MacDonald et al., 2004).

B. CHF or sudden death are the most common causes
of death.
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®Y CANINE CARDIOMYOPATHY

Alan Spier

Definition

I. Idiopathic cardiomyopathy is an intrinsic disorder of
cardiac muscle (myocardium) resulting in altered structure/
function.

II. Secondary cardiomyopathy includes myocardial abnormal-
ities resulting from other disease processes or etiologies.

Causes

I. By definition, cardiomyopathy implies an idiopathic cause,

but genetic and other factors (myocarditis) may be involved.

II. Secondary cardiomyopathies result from other disease
processes or conditions.

A.

mEgOw

Chronic volume overload: primary valvular disease,
left-to-right shunts

Nutritional deficiencies: carnitine, taurine

Systemic inflammation

Chemotherapy: especially doxorubicin

Tachycardias

Endocrinopathy: hypothyroidism, hypoadrenocorti-
cism, hyperthyroidism

Pathophysiology

I. Cardiomyopathy can affect both mechanical and electrical
functioning of the heart.

A.

102

Mechanical dysfunction

1. Systolic dysfunction is common in dogs, especially
with dilated cardiomyopathy (DCM).

2. Diastolic dysfunction is rare in dogs but occurs with
feline cardiomyopathy.

Electrical dysfunction

1. Arrhythmogenic right ventricular cardiomyopathy
(ARVCQ) in boxers (boxer cardiomyopathy) is caused
by fatty or fibrofatty replacement of the cardio-
myocytes of the right and left ventricles (lesser
extent).

2. It can occur as an initial manifestation of DCM.

Both mechanical and electrical dysfunction

1. DCM in Doberman pinschers

2. Uncommon manifestation of boxer cardiomyopathy

II. Cardiomyopathy affecting mechanical function ultimately
causes decreased stroke volume (SV) and activation of the
neuroendocrine system.

A.

B.

Decreased SV causes a decrease in cardiac output (CO).

Decreased CO triggers neurohormonal activation with

increased sympathetic tone and activation of the renin-

angiotensin-aldosterone system (RAAS).

Sympathetic activation increases heart rate and

contractility.

1. Short-term improvement in hemodynamics and
maintenance of blood pressure (BP) occurs, but beta
receptor down-regulation begins within 2 days.

2. Long-term increase in catecholamines exacerbates
myocardial fibrosis and dysfunction, thereby
worsening cardiac performance.

Neuroendocrine activation is largely responsible for the

progression of the heart disease.

1. Volume overload from RAAS activation increases
preload and results in left ventricular (LV) eccentric
hypertrophy.

2. Ventricular filling pressures increase, leading to
congestive heart failure (CHF).

Clinical Signs

I. Signs depend on whether a mechanical dysfunction (mani-
festing as heart failure) or electrical dysfunction (manifest-
ing as syncope or sudden death) is present.

II. With mechanical dysfunction, neuroendocrine activation
enables the body to maintain BP and CO, but mechanical
dysfunction occurs at the cost of venous pressures.

A.

B.

C.

D.

Increased venous (diastolic) pressure on the left side
results in pulmonary edema.

Increased venous (diastolic) pressure on the right side
results in ascites and/or pleural effusion.

Retention and extravasation of fluid is usually the first
stage of CHF and causes respiratory signs (coughing,
tachypnea, dyspnea) and abdominal distension (ascites).
Nonspecific signs, such as loss of energy, appetite, and
normal exercise capacity, are often seen at this stage.

III. As heart failure progresses, progressive inability to main-
tain CO and BP occurs.

A.

Dogs show signs of low output failure, such as exercise
intolerance, weakness, and cold extremities.



B.

End-stage disease manifests as cardiogenic shock with
hypotension and multiple organ dysfunction.

IV. Arrhythmias are a common complication in dogs with
mechanical dysfunction (DCM) and exacerbate signs of
CHE

A.

B.

Atrial fibrillation is the most common arrhythmia
seen.
Ventricular arrhythmias also are common.

V. For dogs with primarily electrical dysfunction (arrhythmo-
genic cardiomyopathy), clinical signs are related to episodes
of syncope or weakness.

A.
B.

C.

Sudden death may result during syncope.

Syncope in many cases can be considered an aborted
sudden death.

Ventricular tachycardia typically causes clinical signs,
whereas frequent ventricular premature complexes
(VPCs) that occur singly or in pairs are unlikely to
cause signs.

Most dogs with arrhythmogenic forms of cardiomyo-
pathy are otherwise normal and show signs only when
the arrhythmia is severe, which explains the episodic
nature of their signs.

Diagnosis

I. The diagnosis of cardiomyopathy depends on the form of
disease.
II. Consider the following in dogs with DCM.

A.

Diagnosis is largely based on signalment, history, and

physical examination findings.

1. Breed disposition is important, with an autosomal
dominant mode of inheritance in boxers and
Doberman pinschers.

2. Signs of coughing, exercise intolerance, or overt
respiratory difficulty are typical.

3. Identification of a soft, left apical, systolic murmur
indicates mitral regurgitation (MR).

4. An arrhythmia, especially atrial fibrillation or
premature beats, may be present.

Thoracic radiographs are used to identify cardiac en-

largement and pulmonary edema or pleural effusion.

Abdominal radiographs and ultrasonography may be

used to document ascites.

Electrocardiography (ECG) may identify patterns com-

patible with chamber enlargement (tall or wide P waves,

tall R waves) and confirm the presence of arrhythmias.

Echocardiography is the best method to confirm

DCM.

1. Decreased systolic function and ventricular enlarge-
ment are the hallmark findings.

2. Increased end-systolic ventricular dimension, in-
creased E-point to septal separation, and reduced
fractional shortening (FS) are usually detected.

3. CHF may occur once FS is severely reduced
(<15%).

4. Left atrial (LA) dilation is usually present but is not
severe unless there is concurrent myxomatous mitral
valvular degeneration.
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5. Annular dilation results in secondary MR.

6. Implied in the diagnosis is the absence of other
conditions that can cause chamber dilation and
systolic dysfunction.

7. Identification of echocardiographic evidence of
DCM in an asymptomatic dog is termed occult
dilated cardiomyopathy, which may be prolonged
(4 to 5 years).

Plasma and whole blood taurine are measured in

atypical breeds with systolic dysfunction to evaluate

for taurine deficiency-induced cardiomyopathy.

1. Plasma taurine <40 nmol/mL and whole blood
taurine <150 nmol/mL are consistent with taurine
deficiency.

2. American cocker spaniels, golden retrievers, and
Newfoundlands are overrepresented.

3. Systolic dysfunction may be reversible with taurine
supplementation for several months.

4. Dose is 500 mg PO BID in small dogs and 1 g PO
BID in large dogs.

III. Dogs with arrhythmogenic cardiomyopathy are diagnosed
as follows:

A.

Base diagnosis on identification of ventricular ar-
rhythmias via ECG and ambulatory Holter or event
monitoring.

Evaluate character of arrhythmia (number, grade, or

complexity); however, no criteria for diagnosis of

ARVC have been established.

1. Dogs with VPCs in excess of 500 per day are likely
to be affected, but dogs with as few as 50 per day may
also be affected.

2. Dogs with high-grade arrhythmias (couplets, trip-
lets, runs of ventricular tachycardia) are more likely
to be affected and may be at increased risk for
adverse events.

Other tests are often normal, including thoracic

radiography, ECG, and BP.

Boxers may have both mechanical and electrical abnor-

malities (Harpster, 1983).

Implied in the diagnosis is the exclusion of other causes

of ventricular arrhythmias.

Differential Diagnosis

I. For DCM, rule out causes of systolic dysfunction and
chamber enlargement.

1L

A.
B.
C.

D.
E.

Chronic volume overload: primary AV valve disease,
congenital heart disease

Tachycardia-induced systolic dysfunction: reversible
upon resolution of the tachycardia

Myocarditis

Myocardial toxicity: doxorubicin

Systemic illness, metabolic disease

For electrical dysfunction, exclude other causes of ar-
rhythmias.

A.

B.

Other forms of heart disease: congenital disease (e.g.,
subaortic or pulmonic stenosis)
Metabolic, systemic diseases
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C. Altered autonomic balance: increased sympathetic

tone, pheochromocytoma

D. Drugs and toxicities

E. Associated with surgery and other events: splenic
disease and splenectomy, gastric dilatation-volvulus,
trauma

Treatment

I. DCM associated with systolic dysfunction and heart
failure
A. Chronic heart failure therapy (see Chapter 9)

B.

1. Triple therapy with furosemide, angiotensin con-
verting enzyme (ACE) inhibitors, and digoxin
2. Additional diuretics including spironolactone or
thiazides for refractory heart failure
3. Inodilator therapy with pimobendan 0.25 to 0.3 mg/kg
PO BID
4. Antiarrhythmics for associated arrhythmias (see
Chapter 6)
a. Atrial fibrillation: beta blockers (use with caution
in CHF), calcium channel blockers, digoxin
b. VPCs, ventricular tachycardia: mexiletine, beta
blockers, procainamide, amiodarone
5. Nutritional supplements
a. Often used, but no evidence to support efficacy
b. Carnitine 50 mg/kg PO BID to TID
¢. Taurine in dogs 500 mg PO BID and in cats
250 mg PO SID to BID
d. Coenzyme Q 30 mg PO BID, up to 90 mg PO BID
in large dogs
Acute heart failure therapy (see Chapter 9)
1. Furosemide 1 to 4 mg/kg IV, IM, SC
2. Supplemental oxygen
3. Vasodilation
a. Nitroglycerin /s to !/2 inch QID topically on
pinna of ear or to inguinal area
b. Sodium nitroprusside starting at 1 pg/kg/min
IV as a constant rate infusion (CRI), titrated to
desired effect
c. Hydralazine 1 to 2 mg/kg PO, repeated hourly
until BP decreases
4. Inotropic support
a. Dobutamine 1 to 5 pg/kg/min IV CRI
b. Digoxin 0.003 to 0.005 mg/kg PO, IV; increased
risk for acute toxicity and exacerbation of ar-
rhythmias with IV use
c. Pimobendan 0.25 to 0.3 mg/kg PO BID

II. Treatment for occult cardiomyopathy

A.

B.
C.

Systolic dysfunction and/or ventricular dilation with

no clinical signs

Therapy not proven to prevent progression

Cardioprotective efforts (possible adverse effects, ques-

tionable efficacy)

1. ACE inhibitors: block adverse effects of angiotensin
II on left ventricular hypertrophy and myocardial
fibrosis experimentally

2. Beta blockers: block adverse effects of increased
sympathetic tone

3. Spironolactone: blocks adverse effects of aldos-
terone on myocardial fibrosis and possibly cardiac
hypertrophy experimentally

Digoxin: weak inotrope, not considered cardioprotec-

tive, may exacerbate arrhythmias

Beta blockers

1. Their use in dogs is controversial.

2. There is no evidence of improved survival in dogs
with DCM (Oyama, 2006).

3. They must be used with caution, because they can
make dogs in CHF feel worse.

4. They must be titrated over 1 to 2 months from a low
starting dose.

III. Treatment for arrhythmogenic cardiomyopathy (see

Chapter 6)

A. Adequate studies are lacking to identify if antiarrhyth-
mics reduce the risk of sudden death in dogs; however,
arrhythmogenic effects can be seen.

B. Therapy is more commonly used in animals that are
syncopal.

1. To reduce frequency or severity of episodes
2. Do not necessarily reduce risk of sudden death

C. Therapy for asymptomatic animals is very contro-
versial.

D. Common medications include mexiletine, beta block-
ers, sotalol, procainamide, and amiodarone.

Monitoring of Animal

I. Screening tests for normal dogs or monitoring the
asymptomatic dog for disease progression

A.

B.

C.

Mechanical disease is diagnosed primarily by echo-
cardiography.

ECG (ideally by Holter monitoring) identifies presence
of arrhythmogenic disease.

Holter monitor results may have value for predicting
onset of overt disease.

II. Monitoring the asymptomatic dog on medication

A.

B.

Echocardiography and ECG/Holter monitoring are
useful to evaluate progression of disease.
Echocardiography can be used to monitor for adverse
effects of beta-blocker therapy (worsened systolic dys-
function).

ECG identifies exacerbation of arrhythmias with
digoxin.

Thoracic radiographs are important to evaluate pres-
ence of CHF from disease progression or as an adverse
effect of beta-blocker therapy.

BP measurement is important in dogs receiving ACE
inhibitors, spironolactone, or beta blockers.

Kidney function and electrolytes are monitored in dogs
receiving ACE inhibitors, spironolactone, or digoxin.

. For dogs on digoxin, serum levels are measured 7 to

10 days after starting the drug (6 to 8 hours post-pill),
with an ideal range of 0.7 to 2 ng/mL.

. For dogs receiving antiarrhythmic therapy, monitor

ECG for reductions in frequency and severity of ar-
rhythmias (see Chapter 6), and for proarrhythmic
effects of antiarrhythmic drugs.



III. Monitoring the dog on therapy for CHF

A. Monitor for reaccumulation of fluid via thoracic radi-
ography and abdominal ultrasonography.

B. Echocardiography is generally not as useful once a
diagnosis has been made and CHF therapy has been
initiated.

C. Monitor for adverse effects of therapy by evaluating
BP, kidney function, electrolytes, and ECG.

IV. Prognosis variable

A. Dogs with occult DCM may remain asymptomatic for
years.

B. Dogs with DCM and CHF usually succumb in 6 to
12 months.

C. DCM warrants a worse prognosis (weeks to months)
in Doberman pinschers.

D. Some dogs with arrhythmogenic cardiomyopathy may
remain asymptomatic for years and die of unrelated
disease.

1. Dogs are always at risk for sudden death, usually
during exercise or excitement.

2. ARVC and DCM (type III) boxer cardiomyopathy
carry a poor prognosis (weeks to months).

2 FELINE MYOCARDIAL DISEASES

Kristin MacDonald

Hypertrophic Cardiomyopathy

Definition and Causes

I. Concentric hypertrophy (increased muscle thickness) of
the LV occurs in the absence of other causes, such as sys-
temic hypertension, aortic stenosis, or hyperthyroidism.

II. Idiopathic forms usually occur in domestic shorthair cats.

1. Autosomal dominant mode of transmission occurs in
Maine coon cats from a missense mutation of the sarco-
meric protein, myosin-binding protein C.

IV. An autosomal dominant form also occurs in American
shorthair cats.

V. There is often a familial basis in other purebred cats.

Pathophysiology

I. A sarcomeric defect of a myocardial muscle protein causes
dysfunction of the affected sarcomeres (contractile unit of
the muscle cell), which leads to increased myocyte stress,
and subsequent development of myocyte hypertrophy,
collagen synthesis, and myocyte disarray (malalignment
of myofibrils).

II. The end result is abnormal diastolic function consisting
of delayed relaxation and increased myocardial stiffness.

1. As diastolic function worsens, the LV diastolic pressure
increases, which leads to elevated LA and pulmonary
venous pressures.

IV. Left-sided CHF (pulmonary edema * pleural effusion)
occurs when LA pressure exceeds 20 to 25 mm Hg.

V. LA dilation may lead to thrombus formation within the
LA or auricle.
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VI. Sudden death may occur secondary to a severe ventricular
arrhythmia.

Clinical Signs

I. Males are more often diagnosed than females, and the
mean age is 6.5 years (range 4 months to elderly (Rush
et al., 2002; Atkins et al., 1992).

II. Other predisposed breeds are the ragdoll, British short-
hair, Norwegian forest cat, Turkish van, Scottish fold, and
Devon rex.

III. A dynamic systolic murmur is ausculted in 80% of cats
with hypertrophic cardiomyopathy (HCM).

IV. Other auscultation abnormalities may include a gallop
heart sound (S3 or S4) or an arrhythmia (Atkins et al.,
1992: Rush et al., 2002).

V. Respiratory abnormalities are often present in cats with
CHE, such as tachypnea, dyspnea, rales or crackles, or
dampened lung sounds ventrally.

VI. Lameness and absence of arterial pulses are found if
arterial thromboembolism has occurred.

VII. Some nonspecific signs (lethargy and anorexia) may
occur.
VIII. Many cats have no clinical signs.
IX. Sudden death may be the only abnormality.

Diagnosis
I. Echocardiography

A. Using two-dimensional (2D) echocardiography, mea-
surement of LV wall or interventricular septal thickness
at end-diastole is 26mm.

1. Papillary hypertrophy may be the first abnormality
detected.

2. End-systolic cavity obliteration is also common.

B. Systolic anterior motion of the mitral valve may be
seen using the right parasternal, long-axis, LV outflow
tract view.

1. Color flow Doppler reveals a double jet of turbulent
blood flow in the LV outflow tract and MR.

2. Severity of systolic anterior motion is determined
by continuous wave Doppler measurement of the
peak systolic aortic blood flow velocity from the
left apical 5-chamber view and reveals a dynamic,
late-systolic, peaking jet.

C. LA dilation is assessed by measurement of the LA and
aortic (Ao) diameters using 2D echocardiography
from the right parasternal, cross-sectional view, with
LA defined as LA:Ao > 1.5.

D. Tissue Doppler imaging is useful to detect diastolic
dysfunction, which is reflected by reduced early dias-
tolic myocardial velocity and may be abnormal prior
to development of concentric hypertrophy.

E. Mitral inflow velocity measurements may show a de-
layed relaxation pattern or a restrictive pattern in
more severe diastolic dysfunction.

II. Thoracic radiography

A. Pulmonary venous distension and interstitial to al-
veolar pulmonary infiltrates may be seen with left-
sided CHE.
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B. Although any pattern of edema distribution is pos-
sible, infiltrates often occur in the perihilar region and
caudal-ventral lung lobes.

C. Pleural effusion may be seen secondary to left- or right-
sided CHE.

Electrocardiography

A. The most common arrhythmias are VPCs, atrial prema-
ture complexes, or atrial fibrillation (in severe cases).

B. Other abnormalities indicating LV hypertrophy in-
clude left axis deviation (mean electrical axis 0 to
90 degrees) and QRS amplitudes >1 mv.

Differential Diagnosis

L.

Diseases causing compensatory concentric hypertrophy
A. Systemic hypertension

B. Hyperthyroidism

C. Subaortic or valvular aortic stenosis

II. Other cardiac diseases including unclassified cardiomyo-
pathy, restrictive cardiomyopathy, DCM, or acquired AV
valvular degeneration

I11. Noncardiac causes of pleural effusion (see Chapter 19)

IV. Innocent heart murmurs
A. They may be caused by dynamic, right ventricular

outflow tract stenosis.

B. In cats, differentiation of innocent murmurs from
murmurs caused by structural heart disease requires
echocardiography.

Treatment

I. Treatment of asymptomatic cats with echocardiographic
evidence of HCM but no radiographic evidence of CHF
is debatable.

A. Antihypertrophic treatment is recommended if there
is moderate or severe concentric hypertrophy.

B. No studies have evaluated the effects of diltiazem or
beta blockers on survival or time to development of
CHEF in cats with compensated HCM and no thrombo-
embolism.

C. Ramipril does not reduce LV mass or improve diastolic
function in Maine coon cats with mild to severe com-
pensated HCM (MacDonald et al., 2006).

D. Atenolol is used to reduce systolic anterior motion
and possibly reduce hypertrophy, and is given at 6.25 to
12.5 mg PO SID to BID.

1. Target heart rate is <160 beats per minute.
2. Atenolel is a selective beta-1 blocker, but may
aggravate bronchoconstriction in asthmatic cats.

E. Diltiazem may reduce concentric hypertrophy (Bright
etal., 1991).

1. Diltiazem 7.5 mg PO TID

2. Dilacor XR 30 mg PO SID to BID (sustained-release
formulation)

3. Cardizem CD 45 mgor 10 mg/kg PO SID (sustained-
release formulation)

II. Reduction of moderate to severe systolic anterior motion

of the mitral valve is done with beta blockers to reduce
LV pressure overload, which may reduce the concentric
hypertrophy.

III.

Iv.

V.

VI.

Acute decompensated CHF requires the following:
A. Furosemide 1 to 2 mg/kg SC, IM, IV every 2 to 8 hours
B. Oxygen supplementation
C. * Nitroglycerin 2% !/s to !/4 inch every 4 to 6 hours
topically for 24 hours
D. Therapeutic thoracocentesis for significant pleural
effusion
Chronic CHF is treated with the following:
A. Furosemide
1. Mild CHF: 1 mg/kg PO SID to BID
2. Moderate CHF: 2 to 3 mg/kg PO BID
3. Severe CHF: 3 to 4 mg/kg IV, IM, SC, PO BID to
TID
B. ACE inhibitors
1. Enalapril 0.5 mg/kg PO BID
2. Ramipril, lisinopril, or benazepril 0.5 mg/kg PO
SID
3. After obtaining baseline renal blood work
4. Questionable efficacy (Fox, 2003)
For chronic, refractory CHE, add hydrochlorothiazide
1 to 4 mg/kg PO BID and introduce a low-salt diet.
Antiarrhythmic therapy is indicated for significant ar-
rhythmias (see Chapter 6).

Monitoring of Animal

L.

II.

III.

Iv.

VI

In acute CHE, monitor resting respiratory rate and effort.

A. Thoracic radiographs are repeated in 24 hours to
assess improvement in pulmonary edema.

B. In stable animals with CHF, repeat thoracic radio-
graphs 1 week after starting therapy.

Repeat renal panel and electrolytes 1 week after starting

ACE inhibitors and furosemide.

A. If significant azotemia develops after starting ACE
inhibitors, discontinue them and reduce the furose-
mide dose temporarily.

B. Mild azotemia is expected when using ACE inhibitors
and diuretics.

C. Moderate hypokalemia may need correction with
potassium gluconate PO.

In cats with HCM and no LA dilation, repeat an echo-

cardiogram every 4 to 6 months initially, and if stable for

>12 months, consider an annual echocardiogram.

Repeat an echocardiogram 1 to 2 weeks after initiating

treatment for systolic anterior motion, and measure aortic

blood flow velocity.

A. Additionally, monitor murmur intensity and heart rate.

B. Ideally, cats given beta blockers should have heart
rates <160 beat per minute and murmur intensity
should lessen.

. For cats with LA dilation, repeat an echocardiogram and

thoracic radiographs every 3 to 6 months.

In cats with hyperthyroidism or systemic hypertension,

echocardiography is repeated 4 months after adequate

treatment.

A. Hypertrophy regresses if it is secondary to hyper-
thyroidism or hypertension.

B. HCM is a concurrent disease if hypertrophy persists
despite normal BP and thyroxine levels.



VIL In cats with HCM without CHF or arterial thrombo-
embolism, the prognosis is variable.
A. Prognosis ranges from good to fair (median survival
>5 years) (Atkins et al., 1992).
B. Young, male purebred cats may develop severe disease
by 2 to 4 years of age.
VIII. In cats with CHF or thromboembolism, survival is variable
(mean survival of 2 months and 3 months, respectively)
(Laste and Harpster, 1995).

Dilated Cardiomyopathy

Definition and Causes

I. DCM is a primary myocardial disease resulting in systolic
myocardial failure (decreased contractility).
II. Most cases are idiopathic in origin.
III. Taurine deficiency can induce myocardial failure that is
reversible.

A. Taurine is an essential amino acid in cats, with the
highest concentrations occurring in the myocardium,
retina, central nervous system, leukocytes, and platelets.

B. Taurine may help maintain intracellular osmolality,
calcium concentration, and ion fluxes in the heart.

C. Prior to 1988, feline diets were deficient in taurine
(Pion et al., 1992a).

D. Commercial diets are now supplemented with taurine,
but cats fed vegetarian diets or exclusively one kind
of canned food may develop taurine deficiency (Pion
et al., 1992a).

Pathophysiology

I. Decreased contractility results in an increased end-systolic
volume and reduced CO, leading to hypotension and
activation of the B-adrenergic nervous system and RAAS.

II. The increased end-systolic volume results in increased LV
diastolic filling pressure.

II1. Increased preload leads to a compensatory, eccentric LV
hypertrophy (increased end-diastolic diameter).

IV. Left-sided CHF develops when LV end-diastolic pressure
exceeds 20 to 25 mmHg.

V. When there is also right ventricular myocardial failure,
right-sided CHF (ascites, hepatomegaly, pleural effusion,
jugular venous distension) develops with right ventricular
end-diastolic pressures 215 mm Hg.

Clinical Signs

I. Respiratory signs may include tachypnea, dyspnea, and,
rarely, coughing.
II. Ascites may occur with right-sided CHE
III. Other nonspecific signs include lethargy or inappetence.
IV. Signs of arterial thromboembolism or syncope may
occur.

Diagnosis
I. Thoracic radiography
A. Pleural effusion is common and may obscure the
cardiac silhouette.
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B. Left- and right-sided cardiomegaly, LA dilation, pul-
monary venous distension, and pulmonary edema are
common findings.

C. The caudal vena cava may be dilated if there is right-
sided CHE.

II. Echocardiography

A. Systolic myocardial failure is present if increased end-
systolic diameter (>10 mm), reduced FS (<28% or
<20% with severe DCM), and increased E point to
septal separation (>4 mm) are found.

B. A compensatory increased end-diastolic diameter
(>18 mm) may be detected.

C. LA dilation is commonly present (La:Ao < 1.5).

D. Right ventricular eccentric hypertrophy and right
atrial dilation are common.

E. Mild secondary MR and tricuspid valve regurgitation
may develop from annular dilation.

E Tissue Doppler imaging may show reduced systolic
myocardial velocity.

III. Plasma and whole blood taurine

A. They are indicated to rule out taurine deficiency.

B. Plasma taurine <50 nmol/mL and whole blood taurine
<250 nmol/mL are diagnostic.

IV. Systolic BP is often normal unless there is severe DCM
and low-output heart failure.

Differential Diagnosis

I. Myocardial failure and eccentric hypertrophy may be
caused by other cardiac diseases, such as severe MR, patent
ductus arteriosus, or ventricular septal defect.

II. Congestive heart failure may be caused by HCM, unclassi-
fied cardiomyopathy, restrictive cardiomyopathy, acquired
AV valve disease, or congenital heart diseases.
II1. Pleural effusion may be caused by noncardiac diseases
(see Chapter 19).
IV. Ascites may be caused by peritonitis, liver disease,
neoplasia, or hypoproteinemia.

Treatment

I. Positive inotropic therapy is indicated when there is
moderate or severe myocardial failure.
A. Digoxin 0.031 mg PO QOD in cats <4 kg or SID in
cats >4 kg
B. Pimobendan 0.3 mg/kg PO BID
II. Administer taurine (250 mg PO BID) if the cat is taurine
deficient or until results of taurine assays are available.
A. Myocardial function improves over 2 to 4 months
with taurine supplementation.
B. After recovery of myocardial function, all other medi-
cations except taurine may be discontinued.
III. If CHF is present, begin furosemide and an ACE inhibitor,
as described for HCM.
IV. Begin anticoagulant therapy if there is moderate or severe
LA dilation (see Arterial Thromboembolism).
V. Avoid negative inotropes (beta blockers) in cats with
moderate or severe myocardial failure.
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Monitoring of Animal

I. Repeat thoracic radiographs following the onset of diuretic
therapy and intermittently throughout treatment.
II. Repeat renal panel and electrolytes 1 to 2 weeks after
starting an ACE inhibitor.
III. Measure serum digoxin level in 7 to 14 days (6 to 8 hours
post-pill), with the ideal level being 0.7 to 2 ng/mL.
IV. Repeat echocardiography 2 months after starting medical
therapy to assess myocardial function.
V. The prognosis for idiopathic DCM is grave, and cats with
CHF may survive weeks to several months.
VI. Taurine deficiency-induced cardiomyopathy has a good
prognosis for cats that survive the first several weeks
(Pion et al., 1992b).

Miscellaneous Feline Cardiomyopathies
See Table 10-1.

Arterial Thromboembolism

Definition

1. Embolism of a thrombus (blood clot) occurs to a distal
arterial site.

II. The origin of the thrombus in cats with severe cardiac
disease is almost always the LA or auricle.

Causes

1. Thromboembolism occurs with severe heart diseases that
cause LA dilation.
II. Most cats with arterial thromboembolism (75%) have
moderate or severe LA dilation (Smith et al., 2003).

Pathophysiology
I. LA dilation leads to stasis of blood, and a thrombus forms
within the dilated LA or auricle.
II. Other contributing factors may include red blood cell and
platelet hyperaggregability.

III. Systemic arterial thromboembolism occurs most fre-
quently to the terminal aorta and occasionally to the right
brachiocephalic trunk.

IV. Vasogenic amines (serotonin and thromboxane) are re-
leased from the thrombus and cause collateral vaso-
constriction.

V. Reperfusion injury may occur when the thrombus is lysed
and often results in acute, life-threatening acidosis and
hyperkalemia.

Clinical Signs

I. Acute paresis, often of the hind limbs
II. Pain with recent (<24 hours) thromboembolism
I11. Absent or markedly reduced arterial pulse
IV. Cyanotic nail beds and foot pads
V. Possible muscle contracture in the affected limbs
VI. Murmurs common

Diagnosis
I. Detection of suspicious clinical signs on physical exami-
nation
II. Absence of bleeding or oozing of dark blood with trimming
of a toenail artery
I11. No blood flow detected by Doppler placed over the femoral
artery

P

Miscellaneous Feline Cardiomyopathies

DISORDER CLINICAL SIGNS ECHOCARDIOGRAPHIC DIAGNOSIS TREATMENT/PROGNOSIS
Unclassified Similar to HCM Left atrial & right atrial dilation Furosemide and ACE inhibitor
cardiomyopathy Tachypnea, dyspnea, gallop + Mild left ventricular hypertrophy for CHF
rhythm, £ murmur + Mild | contractility Anticoagulant for moderate to
Mild AV insufficiency severe atrial dilation
+ Diastolic dysfunction + Antiarrhythmic
Restrictive Similar to HCM Severely hyperechogenic endocardium Furosemide and ACE inhibitor
cardiomyopathy*  Tachypnea, dyspnea, Severe fibrotic band bridging the left for CHF
gallop rhythm, £ murmur ventricular free wall and septum High risk (45%) of
Severe diastolic dysfunction thromboembolism
Arrhythmogenic Right-sided CHF Severe right atrial and right Grave prognosis
right ventricular Ascites, pleural effusion, ventricular dilation Median survival 30 days
cardiomyopathy’ hepatomegaly Mild tricuspid regurgitation Ventricular antiarrhythmic
Ventricular arrhythmia + Right ventricular aneurysm drugs

(75%), gallop rhythm

+ Mild left atrial dilation

Anticoagulant for moderate
to severe atrial dilation

HCM, Hypertrophic cardiomyopathy; ACE, angiotensin converting enzyme; CHF, congestive heart failure; AV, atrioventricular valve.

*Fox PR: Endomyocardial fibrosis and restrictive cardiomyopathy: pathologic and clinical features. ] Vet Cardiol 6:25, 2004.

Fox PR, Maron BJ, Basso C et al: Spontaneously occurring arrythmiogenic right ventricular cardiomyopathy in the domestic cat: a new animal model similar to the
human disease. Circulation 102:1863, 2000.



IV. Identification of the thrombus and obstructed flow distal
to the thrombus on abdominal ultrasonography
V. Thoracic radiographic findings compatible with CHF
VI. Detection of underlying cardiac disease on echo-
cardiography

Differential Diagnosis

1. Intervertebral disc disease with acute disc herniation
II. Cranial cruciate rupture or other orthopedic diseases

Treatment

L. Supportive care is indicated for all cases.

A. Many cats autolyse their thromboemboli within 1 to
14 days.

B. Provide pain medications.

1. Hydromorphone 0.05 to 0.2 mg/kg SC, IM QID

2. Butorphanol 0.1 to 0.4 mg/kg SC, IV, IM QID

3. Buprenorphine 0.01 mg/kg SC, IV, IM TID

C. Consider low-dose acepromazine (0.05 to 0.1 mg/kg
SC, IV, IM) as a sedative and vasodilator.

D. Assess bladder size and express distended bladders
(rarely necessary).

E. Turn laterally recumbent cats.

E Institute range-of-motion exercises after the initial
24 hours.

G. Consider IV fluids at low rates (half maintenance) if no
CHEF is detected.

II. Anticoagulation is necessary to prevent further thrombus
formation.

A. Aspirin 6 mg/kg PO every 72 hours has had variable
efficacy (Pion, 1988; Smith et al., 2003).

B. Heparin is given at 50 to 100 units/kg SC QID, with
the therapeutic goal of prolonging the activated partial
thromboplastin time (APTT) to 1.5 X baseline.

C. Low-molecular-weight heparins (enoxaparin or dal-
teparin) may be substituted at 1 mg/kg SC BID to TID,
but no controlled studies have evaluated their efficacy
in cats.

D. Warfarin may eventually be started at 0.25 mg PO SID.
1. Use heparin initially and continue it for a 48-hour

overlap period.

2. Dosage adjustments are needed to maintain inter-
national normalized ratio or APTT at 1.5 to 2 X
baseline.

E. Clopidogrel is a platelet inhibitor that has been used
in cats at 18.75 mg PO SID (Hogan et al., 2004).

1. Thrombolytic therapy is rarely performed.

A. Only 40% of cats survived to be discharged from the
hospital (Pion, 1988).

B. The dose of streptokinase is 90,000 units IV over
30 minutes, then 45,000 U/hr for 3 hours.

C. Tissue plasminogen activator is given at 0.25 to 1 mg/
kg/hr 1V, with total dose of 1 to 10 mg/kg IV.

Monitoring of Animal

I. Assess the presence and severity of pain, and titrate opioids
as needed.
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II. Palpate femoral arterial pulses, and inspect the nail beds
and foot pads to assess return of blood flow.
III. Inspect the skin of the affected limbs for discoloration,
lichenification, or other evidence of impending necrosis.
IV. Monitor renal function and electrolytes.
V. Monitor respiratory rate and effort, and repeat thoracic
radiographs in cats treated with furosemide for CHE
VI. Repeat APTT in cats receiving heparin * warfarin to
achieve a target of 1.5 X baseline.
VII. Prognosis is poor in cats that show no return of blood flow
within several days.
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Pericardial Disorders

Anthony H. Tobias

»Y CONGENITAL/DEVELOPMENTAL
DISORDERS

Peritoneopericardial Diaphragmatic Hernia

Definition

I. A peritoneopericardial diaphragmatic hernia (PPDH) is
a defect in the ventral diaphragm and pericardium that
allows abdominal contents to enter the pericardial space.

II. Herniated structures include liver, gall bladder, spleen,
stomach, small intestines, omentum, and falciform ligament.

I11. PPDH is an uncommon defect.
A. Incidence in cats is 0.05%.
B. Incidence in dogs is 0.02%.
C. Data are from the Veterinary Medical Database at
Purdue University from January 1992 to April 2003.
IV. Persian cats and Weimaraners may be predisposed (Evans
and Biery, 1980; Neiger, 1996).

Causes and Pathophysiology

I. During embryonic development, the diaphragm forms
from the ventrally located septum transversum, the meso-
esophagus, a pair of pleuroperitoneal folds, and tissue
from the body wall.

II. The liver arises as a large ventral outgrowth from the
foregut ectoderm and grows cranioventral to penetrate
the septum transversum, and eventually distracts from the
septum transversum, to form the ventral mesentery
(falciform ligament).

III. If separation between the developing liver and septum
transversum is defective, an opening in the ventral part
of the diaphragm may occur, allowing the peritoneal and
pericardial cavities to communicate.

IV. Abdominal organs may then pass through the defect into
the pericardial space resulting in a PPDH (King, 1999;
Noden and de Lahunta, 1985).

V. The diaphragm does not form part of the pericardium in
small animals, and traumatic PPDH has not been reported
in either the dog or cat (Neiger, 1996; Hay et al., 1989).

Clinical Signs

I. Clinical signs vary depending on the herniated organs or
tissue.
II. Some affected animals show no clinical signs, and PPDH is
an incidental finding.

III. In symptomatic animals, signs referable to the respiratory
and gastrointestinal system predominate.
A. Tachypnea, respiratory distress, vomiting, and anorexia
are common.
B. Other signs include lethargy, weight loss, diarrhea, and
coughing.

Diagnosis
I. The following physical examination findings support a
diagnosis of PPDH:

A. The apex beat may be absent or displaced; heart
sounds are frequently muffled.

B. Some animals have a fever.

C. Commonly associated abnormalities in dogs include
sternal malformations (incomplete xiphoid; pectus ex-
cavatum; and absent, deformed, and fused sternebrae),
cranioventral abdominal hernias, and other congenital
heart defects (pulmonic stenosis, ventricular septal
defect).

D. Associated abnormalities in cats are less common
and are usually limited to sternal malformations and
cranioventral abdominal hernias.

II. Radiographic findings that support a diagnosis of PPDH
include the following:

A. Enlargement of the cardiac silhouette with dorsal dis-
placement of trachea, overlapping of the diaphragmatic
and caudal cardiac silhouette borders, and sternal mal-
formations may be seen.

B. The cardiac silhouette often contains gas-filled bowel
loops and structures of differing radiolucencies (Figure
11-1, A).

C. The hepatic silhouette may be small or absent in the
anterior abdomen.

D. Various other organs (e.g., small intestines, spleen) may
be absent from the abdomen (Figure 11-1, B).

E. In cats, a dorsal peritoneopericardial mesothelial rem-
nant, which represents the dorsal border of the hernia,
may be recognized in the lateral view as a curvilinear
opacity between the cardiac silhouette and the dia-
phragm, either ventral to or superimposed over, the
caudal vena cava (Berry et al., 1990).

E Positive and negative contrast peritoneography and
gastrointestinal contrast studies are occasionally neces-
sary to confirm the diagnosis.

111
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A

FIGURE 11-1 Lateral thoracic (A) and abdominal radiographs (B) from a cat with a peritoneopericardial diaphragmatic hernia. A, A markedly
enlarged cardiac silhouette contains gas-filled bowel loops (arrow) and structures of differing radiolucencies (squares). B, Most of the abdominal
contents are displaced into the pericardial space, leaving the abdomen fairly empty. Modified from Tobias AH: Pericardial disorders. p. 1104. In
Ettinger S], Feldman EC (eds): Textbook of Veterinary Internal Medicine. 6th ed. Elsevier, St. Louis, 2005; with permission.

III. Electrocardiograms (ECGs) may be normal or show low-
voltage complexes and abnormal orientation of the mean
electrical axis.

IV. Echocardiography reveals abdominal viscera within the
pericardial space.

A. Pericardial effusion is present in some cases.

B. In cats the liver is the most commonly herniated organ,
and focal hyperechoic areas (myelolipomas) are fre-
quently seen within the herniated lobe(s) (Tobias, 2005).

Differential Diagnosis

L. Pericardial effusion
II. Primary cardiac disease
III. Diaphragmatic hernia

Treatment and Monitoring

I. Surgical PPDH reduction and repair are necessary for all
cases that have clinical signs ascribable to the defect and
are strongly recommended for all young animals with
PPDH (symptomatic or not).

II. Prognosis with surgery is excellent.

III. In older animals, adhesions between herniated organs
and the pericardium may complicate or preclude PPDH
reduction.

IV. Consequently, in an asymptomatic older animal where
PPDH is an incidental finding, it may be prudent to recom-
mend continued observation rather than surgical repair.

Benign Intrapericardial Cysts

Definition and Causes

I. Benign intrapericardial cysts are large, fluid-filled masses
within the pericardial space that occur occasionally in
small animals.

II. In virtually all cases, histopathology discloses that the cysts
are encapsulated adipose tissue, with extensive hemorrhage
and necrosis, or organizing cystic hematomas.

III. In some cases, the benign intrapericardial cyst is asso-
ciated with a small PPDH.

IV. In other cases, the cyst is attached by a pedicle to the apex
of the pericardium as a result of prenatal herniation of
omentum or falciform fat from the peritoneum into the
pericardium and subsequent closure of a PPDH.

V. Cyst formation probably results from vascular obstruction
of the herniated tissue, or repeated trauma from the beating
heart (Simpson et al., 1999; Sisson et al., 1993).

VI. Intrapericardial hepatic cysts have been described in cats
with PPDH as a result of incarceration of portions of
the liver (Less et al., 2000; Liptak et al., 2002).

VII. True congenital intrapericardial cysts in humans are endo-
thelium-, epithelium-, or mesothelium-lined (depending
on their origin) and are rare in small animals (Labadie,
1993; Sisson et al., 1993).

Clinical Signs and Diagnosis

I. Intrapericardial cysts cause cardiac tamponade (significant
compression of the heart from accumulating pericardial
contents) by direct cardiac compression and associated
pericardial effusion.

II. The pathophysiology, clinical signs, and diagnosis for peri-
cardial effusion and cardiac tamponade are discussed later
in this chapter.

Treatment

Surgical removal of the cyst and its associated pedicle, peri-
cardectomy, and repair of the PPDH.

Pericardial Defects

L. Pericardial defects are communications between the peri-
cardial and pleural space that may be single or multiple



and range in size from small, round or oval holes to total
absence of one side of the pericardium.

II. They are rare in dogs and are usually found incidentally
on postmortem examination.

III. Some are thought to be congenital (Gagg and Luer, 1977).

IV. Herniation with incarceration of cardiac chambers through
pericardial defects has been reported in dogs (Gagg and
Luer, 1977; Sisson and Thomas, 1999; Van den Ingh,
1977).

#¥ ACQUIRED DISORDERS

Pericardial Effusion

Definition

I. Accumulation of an abnormal amount of pericardial fluid
within the pericardial space
II. Data from the University of Minnesota Veterinary Medical
Center (UMVMC) from January 1999 to December 2001

A.
B.
C.
D. There was no sex predisposition, and golden retrievers

Causes

The incidence in dogs was 0.43%.
Average age was 9.7 £ 2.2 years.
Average weight was 31.2 £ 12.6 kg.

were overrepresented (Tobias, 2005).

I. Infections

A.

C.
D.

Bacterial

1. Bacterial infections are uncommon causes.

2. Most bacterial infections are thought to arise from
intrapericardial foreign body penetration, especially
by migrating grass awns (foxtails or Hordeum spp.)
(Aronson and Gregory, 1995).

Fungal

1. Systemic Coccidioides immitis is an occasional cause
in dogs (Heinritz et al., 2005; Shubitz et al., 2001;
Thomas et al., 1984).

2. Aspergillus niger has also been reported in a dog
(Carpenter et al., 2001).

3. In most cases, fungal infections result in effusive-
constrictive or constrictive pericarditis.

Viral: occasionally feline infectious peritonitis

Protozoal: rarely visceral leishmaniasis in dogs (Font

etal., 1993)

I1. Idiopathic forms

A.

B.

Pericardial effusions are idiopathic in origin in 19% to
23% of affected dogs (Berg and Wingfield, 1983; Tobias,
2005).

Signalment is typical of pericardial effusion in general.

III. Metabolic and/or toxic forms (uncommon)

A.

B.

Secondary to uremia (Berg and Wingfield, 1983; Rush

et al., 1990)

Cholesterol-based effusion with hypothyroidism

(MacGregor et al., 2004)

Coagulation disorders

1. Dogs: anticoagulant rodenticide toxicity (Petrus
and Henik, 1999)
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2. Cats: secondary to disseminated intravascular co-
agulation, warfarin toxicity, other coagulopathies
(Rush et al., 1990)

IV. Cardiovascular disorders

A.

Pericardial effusion is frequently detected in dogs and
cats with congestive heart failure (CHF), but seldom in
sufficient quantity to cause significant hemodynamic
compromise.

Left atrial perforation is an uncommon cause in
small-breed dogs with severe mitral regurgitation from
chronic degenerative valvular disease.

V. Neoplasia

A.

D.

B.

Cardiac hemangiosarcoma

1. It is a highly malignant neoplasm of vascular endo-
thelium that usually involves the wall of the right
atrium (RA) or auricle.

2. Itis the most common cause of pericardial effusion in

dogs (61% of dogs in UMVMC data) (Tobias, 2005).

3. Signalment is typical of pericardial effusion in
general.
4. Primary cardiac hemangiosarcoma of the RA has

been reported in a cat (Merlo et al., 2002).

Heart base tumors

1. The term is used to designate any mass located at the
base of the heart in association with the ascending
aorta and main pulmonary artery.

2. Most are aortic body tumors in dogs, although 5%

to 10% are ectopic thyroid tumors (Capen, 1978).

3. Despite being the second most common cardiac
tumor in dogs (7% of dogs in UMVMC data), inci-
dence is approximately tenfold lower than cardiac

hemangiosarcoma (Ware and Hopper, 1999).

4. English bulldogs, boxers, and Boston terriers are
predisposed.

a. These tumors also occur in nonbrachycephalic
breeds.

b. Chronic hypoxia-induced hyperplasia and neo-
plasia of chemoreceptors may explain the pre-
disposition of brachycephalic dogs to aortic body
tumors (Hayes and Sass, 1988).

5. Age range at time of diagnosis is 6 to 15 years

(average 10 years) (Owen et al., 1996).

6. Both male and no gender predispositions have been
reported.

7. They occasionally occur in cats.

Mesothelioma

1. Mesothelioma, a diffuse neoplasm of the peri-
cardium and other serosal surfaces, was confirmed

in 5% of dogs in UMVMC data (Tobias, 2005).

2. No sex or breed predisposition has been reported.
3. It has rarely been described in cats.

Other uncommon cardiac tumors: lymphosarcoma,
rhabdomyosarcoma, fibrosarcoma

VI. Trauma
A.

Pericardial effusions associated with intrapericardial
foreign bodies occur occasionally.

In UMVMC data, one dog (1%) had pericardial effu-
sion associated with an intrapericardial pellet.
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Pathophysiology

L.

II.

III.

Iv.

VL

VIL

Pericardial effusion increases intrapericardial pressure and
causes cardiac tamponade.

Cardiac tamponade results in depressed cardiac output
(CO), elevation and equilibration of right and left ventric-
ular diastolic pressure and pericardial pressure, and pulsus
paradoxus.

Increased intrapericardial pressure impairs ventricular fill-
ing in diastole, which results in diminished stroke volume.
Pericardial effusion also causes decreased systolic function
because the compressed and underfilled cardiac chambers
operate at the lower ends of their respective Frank-Starling
curves (Spodick, 2001).

. Acute accumulations of relatively small amounts of peri-

cardial effusion can cause profound hemodynamic com-

promise and clinical signs of low CO.

With more chronic accumulations, the volume of the

pericardial sac expands (Kardon et al., 2000).

A. Compensatory mechanisms (increased sympathetic
tone, activation of the rennin-angiotensin-aldosterone
system) increase heart rate and preload or filling
pressure in an effort to restore CO.

B. Atrial natriuretic peptide does not increase, because
atrial distention (the primary stimulus for atrial
natriuretic peptide secretion) does not occur owing to
external compression of the heart (Koller et al., 1987,
Spodick, 1989).

C. Signs of increased systemic venous pressure predomi-
nate and manifest as right-sided CHF (hepatomegaly,
ascites, jugular distention, pleural effusion).

Pulsus paradoxus is defined as 210 mmHg decrease in sys-

tolic arterial blood pressure (BP) with inspiration during

normal breathing (Spodick, 2001).

A. Left ventricular stroke volume and systemic arterial
BP normally decrease slightly with inspiration.

B. This phenomenon is accentuated with cardiac tampo-
nade and may be recognized clinically as phasic varia-
tions in pulse quality associated with respiration.

Clinical Signs

L.

1L

Clinical complaints and histories are most commonly
acute and nonspecific.

Presenting signs from UMVMC data are as follows:
Lethargy (53%)

Respiratory difficulty (44%)

Collapse (40%)

Reduced appetite (38%)

Vomiting (30%)

Abdominal distention (23%)

Less common: polydipsia, weakness, coughing

OEEYOE >

Diagnosis

L

Physical examination findings range from vague and subtle

to hemodynamic collapse.

A. Muffled heart sounds are most common.

B. Other findings include depression, weak pulses, and
abdominal distention with a fluid wave (ascites).

1L

III.

IV.

V.

C. Jugular distention and pulsus paradoxus may be
identified.

Thoracic radiographic features that support a diagnosis of

pericardial effusion are as follows:

A. An enlarged and globoid cardiac silhouette, with
tracheal elevation and widening of the caudal vena
cava

B. Overlap of the cardiac silhouette and diaphragm and
bilateral contact between the pericardium and the chest
wall

C. A sharply delineated edge to the cardiac silhouette,
because the distended pericardium has little or no
motion during systole and diastole

D. Lung fields that show no evidence of left-sided CHF
(no cardiogenic pulmonary edema)

E. Typical radiographic findings with chronic, large-
volume effusions
1. With smaller effusions, the cardiac silhouette is

variably enlarged and it is not necessarily globoid.
2. Pleural effusion may obscure the cardiac silhouette.

E Other possible abnormalities: pulmonary metastases,
radiopaque intrapericardial foreign bodies

Electrocardiographic findings may include the following:

A. Most dogs with pericardial effusions have either a
normal sinus rhythm or a sinus tachycardia.

B. Ventricular arrhythmias are fairly common, and supra-
ventricular arrhythmias occasionally occur.

C. Low-voltage QRS complexes (R waves <1 mV in all
limb leads) are present in approximately half the cases.

D. Electrical alternans (beat-to-beat variations in the con-
tour and amplitude of the QRS complex, ST segment,
and T wave) strongly suggests the presence of peri-
cardial effusion (Bonagura, 1981) (Figure 11-2).

Hematology and biochemistry tests may reveal the

following:

A. Dogs with hemangiosarcoma are frequently anemic
and may have nucleated red blood cells (RBCs), schisto-
cytes, acanthocytes, and thrombocytopenia.

B. Mild-to-moderate liver enzyme elevations often occur
from hepatic congestion.

C. Mild prerenal azotemia may be present.

D. Cats with feline infectious peritonitis may have neutro-
philia, lymphocytopenia, and hyperglobulinemia.

E. Ascitic fluid analysis discloses a modified or high-
protein transudate.

E  C. immitis serology is indicated in dogs from endemic
areas.

G. Assessment of coagulation is recommended prior
to pericardiocentesis if a coagulopathy is suspected
clinically.

H. Serum cardiac troponin I assays may be useful in dogs
to distinguish between cardiac hemangiosarcoma and
idiopathic pericardial effusion, with higher concentra-
tions usually present with cardiac hemangiosarcoma
(Shaw et al., 2004).

Pericardial effusions in dogs, irrespective of cause, are

almost always sanguinous or serosanguineous, sterile in-
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FIGURE 11-2 Lead I electrocardiograms from a dog with pericardial effusion. A, Before pericardiocentesis, the complexes are low-voltage (R wave
amplitude approximately 1 mV), the QRS complexes show beat-to-beat variations in contour and amplitude (electrical alternans), and heart rate
is 140 beats per minute (bpm). B, After pericardiocentesis, R wave amplitude is almost 2 mV, electrical alternans is no longer present, and heart rate
is 110 bpm. Calibration square is 1 mV in amplitude.

flammatory exudates and similar in gross appearance to
blood, but they do not clot.

A.

B.

Cytologic evaluation does not differentiate between
neoplastic and nonneoplastic causes in most cases.
Total nucleated cell counts, RBC counts, protein con-
centrations, pericardial fluid pH, and other biochem-
istries overlap extensively between causes (de Laforcade
et al., 2005; Fine et al., 2003; Sisson et al., 1984).
Hemangiosarcoma and aortic body tumors are rarely
identified on cytological evaluation.

Pericardial diseases that lead to effusion result in dra-
matic mesothelial proliferation; exfoliated mesothelial
cells often have characteristics that mimic malignancy
(Alleman, 2003).

Despite its generally low diagnostic yield, pericardial
fluid cytology (and culture when appropriate) is crucial
for the diagnosis of some of the less common causes
of pericardial effusion, such as bacterial and protozoal
pericarditis, and lymphoma.

VI. Echocardiography is the most sensitive and specific non-
invasive method to confirm the presence of pericardial
effusion.

A.

With two-dimensional (2D) echocardiography, peri-
cardial effusion appears as an echolucent zone sur-
rounding the heart.

In cases with concurrent pleural effusion, the peri-
cardium is well visualized with fluid on either side.
The heart may show swinging motions within the
pericardial fluid.

D. Cardiac chambers may appear small, and the walls may

E

show thickening or pseudohypertrophy from external

compression.

The right atrial free wall is normally rounded through-

out the cardiac cycle, reflecting positive right atrial

transmural pressure.

1. Any inversion or collapse of the right atrial free wall
provides indirect evidence of elevated intraperi-
cardial pressure and transient reversal of transmural
pressure.

2. Right atrial inversion occurs in late diastole and
continues into ventricular systole (Figure 11-3, A).

Right ventricular diastolic collapse is characterized by

inward motion of the right ventricular free wall that

may range from a transient and localized concavity to
virtual complete right ventricular chamber obliteration
throughout diastole.

VII. Echocardiography also detects intrapericardial masses.

A. Findings consistent with cardiac hemangiosarcoma

1. Hemangiosarcoma most commonly arises from the
wall of the RA or auricle, protrudes into the peri-
cardial space, and moves with the RA or auricle.

2. It may also protrude into the right atrial chamber,
and involve other areas of the heart base, peri-
cardium, and right atrioventricular groove.

3. Typically small hypoechoic spaces (mottled or cavitary
appearance) and occasionally cystic lesions are seen.

4. It is usually demonstrated in the right parasternal
long- and short-axis views.
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FIGURE 11-3 Echocardiograms from dogs with pericardial effusion. A, The effusion forms an echolucent zone around the heart. Inversion of the
right atrial free wall (arrow) indicates cardiac tamponade. B, Imaging from the left cranial location demonstrates a small cavitated hemangiosarcoma
(arrow) protruding from the wall of the right auricle. C, A large tumor (arrow) associated with the ascending aorta is characteristic of a heart base
tumor. D, A large tumor (arrow) is arising from the wall of the left ventricle and was a confirmed fibrosarcoma. LV, Left ventricle; LA, left atrium;
PE, pericardial effusion; RA, right atrium; AO, aorta.

5. Occasionally the mass is identified best in left
parasternal views (see Figure 11-3, B).

B. Features characteristic for heart base tumors

1. Heart base tumors are associated with the ascend-
ing aorta (see Figure 11-3, C).

2. They vary from small, oval structures to extensive
masses that surround the aorta and main pulmo-
nary artery.

3. Indentation or invasion of the atria and major
blood vessels may be seen.

4. They tend to have a more homogenous echo-
genicity than hemangiosarcoma.

C. Other echocardiographic findings

VIII.

1. Other cardiac tumors (see Figure 11-3, D)
2. Abdominal viscera within the pericardial space
with PPDH
3. Benign intrapericardial cysts
4. Intrapericardial thrombi associated with left atrial
perforation
Whenever the clinical condition permits, pericardio-
centesis is deferred until a thorough echocardiographic
examination has been completed.
A. Pericardial fluid forms an echolucent zone around the
right atrium and auricle, and the ascending aorta.
B. Consequently, the presence of pericardial fluid greatly
facilitates the detection of intrapericardial masses,



IX.

X.

especially cardiac hemangiosarcoma and heart base
tumors.

Idiopathic pericardial effusion is a diagnosis of exclusion

thatis made when no intrapericardial masses are identified

and ancillary tests do not disclose a cause.

Mesothelioma rarely forms discrete masses detectable by

echocardiography.

A. It is extremely difficult to distinguish from idiopathic
effusion, even with pericardial histopathology and
immunohistochemistry (Churg et al., 2000; Stepien
et al., 2000).

B. In many cases, the diagnosis is only confirmed on
postmortem examination.

C. Aclinical course that includes accumulation of signifi-
ant amounts of pleural effusion within 4 to 6 months
of pericardectomy suggests mesothelioma.

D. The chronic inflammatory process of idiopathic effu-
sion may predispose golden retrievers to pericardial
mesothelioma (Machida et al., 2004).

Differential Diagnosis

L

1L

III.

Iv.

Other causes of right-sided CHF (e.g., dilated cardio-
myopathy, tricuspid dysplasia) and ascites (e.g., hepatic
disease, abdominal neoplasia)

Other causes of muffled heart sounds: pleural effusion,
thoracic masses, diaphragmatic hernia

Other causes of low-voltage complexes on ECG: pleural
effusion, obesity, hypothyroidism

Other causes of prominent enlargement of the cardiac
silhouette on thoracic radiography: dilated cardiomyo-
pathy, tricuspid dysplasia, PPDH

Treatment and Monitoring

L

II.

III.

Iv.

VI

Pericardiocentesis for removal of fluid is necessary for any
animal with significant hemodynamic compromise.
Following pericardiocentesis and appropriate supportive
care, treatment is directed towards the specific cause.
Dogs with bacterial pericarditis are treated with peri-
cardectomy, removal of any foreign bodies, chest drainage,
and antibiotics for up to 6 months.

A. Many recover without complications.

B. Prognosis is good when treated aggressively with a
combination of surgical and medical therapy (Aronson
and Gregory, 1995).

Treatment and prognosis for C. immitis—related peri-

cardial disease is discussed under Constrictive/Effusive-

Constrictive Pericarditis.

. There is no effective treatment for feline infectious peri-

tonitis and the disease is invariably fatal, but pericardio-
centesis may provide temporary palliation with clinically
significant pericardial effusion.

First episodes of idiopathic pericardial effusion may some-
times be treated by pericardiocentesis alone, followed by
pericardectomy in recurrent cases.

A. Cardiac tamponade often recurs within 1 to 2 months

of pericardiocentesis and is often fatal.

VII.

VIII.

IX.
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B. Recurrent tamponade with effusive-constrictive peri-
carditis may also develop (Tobias, 2005).

C. Complete cure is uncommon, but long-term survival
has been reported with repeated pericardiocentesis
(Mellanby and Herrtage, 2005).

D. Surgical or minimally invasive thoracoscopic peri-
cardectomy is recommended with the initial episode
of idiopathic pericardial effusion to avoid the risk of
recurrent, potentially fatal cardiac tamponade.

E. Surgical pericardectomy also permits examination of
thoracic and intrapericardial structures for causes of
pericardial effusion.

E Pericardectomy is usually curative for idiopathic peri-
cardial effusion.

Left atrial perforation may require only medical therapy

for CHE.

A. Episodes of weakness or collapse may be transient.

B. Relatively little pericardial fluid and only mild echo-
cardiographic evidence of cardiac tamponade may be
present.

C. Echocardiograms repeated 7 to 10 days later may dem-
onstrate resolution of both the pericardial effusion and
intrapericardial thrombi.

D. These cases have severe underlying heart disease and
survival beyond 6 months after the acute episode is
uncommon.

E. Pericardiocentesis is required for cases that are hemo-
dynamically compromised from cardiac tamponade.
1. Continued hemorrhaging may necessitate blood

transfusion, and thoracotomy to remove large clots
from the pericardial space and repair the left atrial
perforation.

2. The prognosis in such cases is grave (Prosek et al.,
2003; Sadanaga et al., 1990).

Treatment for cardiac hemangiosarcoma is challenging,

and the prognosis is extremely poor.

A. By the time of diagnosis, it usually has metastasized
and should be considered a systemic disease.

B. Palliative pericardiocentesis is usually associated with
marked clinical improvement, but cardiac tamponade
typically recurs within a few days, often resulting in
death or euthanasia (median survival time of 11 days,
range 0 to 208 days from UMVMC data) (Tobias, 2005).

C. More aggressive treatment of cardiac hemangio-
sarcoma includes various combinations of tumor
resection, pericardectomy, chemotherapy, and splen-
ectomy (for splenic metastases).

1. Despite these therapies, median survival time is
short (56 days, range 0 to 229 days).

2. Chemotherapy, especially with doxorubicin, after
tumor resection may prolong survival, but the
benefit appears to be small (Weisse et al., 2005).

Most aortic body tumors are benign and expansive,

although they may be locally invasive and/or metastasize

in dogs and cats.

A. The biological behavior of ectopic thyroid tumors at
the heart base is not well described, although both
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adenomas and adenocarcinomas with metastases have

been reported.

Complete surgical resection of heart base tumors is

seldom possible because they are highly vascular, asso-

ciated with major blood vessels, and usually extensive

by the time of diagnosis.

In a retrospective study of dogs with aortic body

tumors, palliative pericardectomy often prolonged

survival, with excellent quality of life.

1. Median survival time following pericardectomy
was 730 days.

2. Median survival time without pericardectomy was
42 days (Ehrhart et al., 2002).

X. Pericardial mesothelioma is difficult to treat.
A. Long-term survival has been reported in a dog

treated with pericardectomy, intracavitary cisplatin
and intravenous doxorubicin (Closa et al., 1999).
Following a presumptive diagnosis (accumulation of
significant amounts of pleural effusion within 4 to 6
months of pericardectomy), repeated thoracocentesis
is necessary and adjunctive chemotherapy (intra-
cavitary cisplatin, intravenous doxorubicin) should be
considered.

XI. Cardiac lymphosarcoma is classified as stage V, substage b.
A. Dogs with stage III lymphosarcoma or higher and

clinical signs (substage b) have a poor prognosis for
remission and survival.

In a retrospective study of 12 dogs treated with various
combinations of pericardiocentesis, pericardectomy,
and chemotherapy, median survival time was 41 days.
Three dogs were alive 328 days after initial diagnosis,
suggesting that cardiac lymphosarcoma may not always
warrant a poor prognosis (MacGregor et al., 2005).

Constrictive/Effusive-Constrictive
Pericarditis

Definition

I. Constrictive pericarditis is fusion of the visceral and
parietal layers, with the heart encased within a stiff,
fibrotic pericardium.

I1. Effusive-constrictive pericarditis may be defined as a
combination of a relatively small amount of a tense peri-
cardial effusion enclosed within an unyielding, fibrous,
parietal pericardium (Spodick, 2001).

Causes and Pathophysiology

I. Effusive-constrictive pericarditis occurs occasionally in
dogs.
A. Many causes are idiopathic, or develop months or years

B.

after an episode of idiopathic pericardial effusion.
Other causes include metallic foreign bodies, C.
immitis, Aspergillus niger, actinomycosis, and osseus
metaplasia of the pericardium.

II. Constrictive pericarditis in dogs is uncommon.
A. Ttmay develop as a consequence of any form of chronic

B.

pericarditis.
It may be a severe complication of systemic C. immitis.

III. Pathophysiology is similar to other causes of cardiac
tamponade, except that the nondistensible, thickened,
fibrotic pericardium contributes substantially (effusive-
constrictive pericarditis) or entirely (constrictive peri-
carditis) to compression of the heart.

Clinical Signs and Diagnosis

L. Effusive-constrictive pericarditis

A.
B.

C.

G.

Dogs typically have signs of right-sided CHE.
Common complaints are abdominal distention and
muscle wasting.

Findings on physical examination include abdominal

distention with a fluid wave (ascites), jugular disten-

tion, and muffled heart sounds.

On ECG, a normal sinus rhythm or sinus tachycardia

and low-voltage QRS complexes are commonly found.

The cardiac silhouette on thoracic radiography ranges

from normal to moderately enlarged and rounded, and

the caudal vena cava may appear wide.

1. The presence of pleural effusion may complicate
evaluation of the size and shape of the cardiac
silhouette.

2. Radiopaque intrapericardial foreign bodies may be
detected.

Echocardiography shows pericardial effusion that sepa-

rates the myocardium and pericardium by just a few

millimeters.

1. Echocardiographic signs of cardiac tamponade (late
diastolic to systolic inversion of the right atrium,
and diastolic collapse of the right ventricle) are
usually present.

2. Pericardial thickness cannot be accurately assessed
except in extreme cases.

C. immitis serology is indicated in dogs from endemic

areas.

II. Constrictive pericarditis

A.

Clinical signs, thoracic radiographs, and electrocardiog-

raphic findings are similar to other causes of chronic

cardiac tamponade and effusive-constrictive pericarditis.

In contrast to most other forms of pericardial disease,

echocardiography demonstrates neither pericardial

effusion nor right atrial and ventricular collapse, but
may include the following:

1. Abrupt flattening of the left ventricular posterior
wall on M-mode echocardiography in mid to late
diastole

2. Rapid early closure of the mitral valve, as well as
premature pulmonary valve opening

3. A diastolic septal bounce, mild atrial enlargement,
vena cava and hepatic vein dilation, and ascites

4. Alterations in the flow characteristics in pulmonary
veins, vena cava, hepatic vein, and across the mitral
valve

5. Thickened pericardium in severe cases (Myers and
Spodick, 1999)

Cardiac catheterization is generally necessary to estab-

lish the diagnosis, and hemodynamic findings include

the following:



1. Elevation and equilibration or near equilibration
of the diastolic pressures of all cardiac chambers

2. Aright atrial pressure trace with an M or W pattern

3. A ventricular pressure trace that shows a dip-and-
plateau pattern or “square-root” sign in diastole

4. Rapid IV fluid infusion possibly necessary to fully
reveal characteristic hemodynamic features (Myers
and Spodick, 1999; Sisson and Thomas, 1999;
Thomas et al, 1984)

D. C. immitis serology is indicated in dogs from endemic
areas.

Differential Diagnosis

Similar to pericardial effusion

Treatment and Monitoring

I. Treatment for idiopathic effusive-constrictive pericarditis
involves pericardectomy, and the prognosis is excellent.

A. Slight epicardial fibrosis and roughness that does not
require epicardial excision is present in most cases.

B. Adhesionsbetween the visceral and parietal pericardium
are uncommon.

II. Severe involvement of the epicardium and adhesions be-
tween the parietal and visceral pericardium confer a less
favorable prognosis.

A. Dogs with fungal pericarditis from C. immitis are
particularly prone to extensive involvement of both
the visceral and parietal pericardium.

B. In such cases, pericardectomy and excision of the con-
stricting epicardium from the underlying myocardium
are necessary, along with long-term antifungal therapy
and monitoring.

1. In a retrospective study of 17 dogs with effusive-
constrictive pericarditis from C. immitis, periopera-
tive mortality was high (23.5%).

2. Surgery was successful in relieving right-sided CHF
in some dogs, with longevity >2 years (Heinritz
et al., 2005).

III. The treatment, monitoring, and prognosis for cases of
constrictive pericarditis are similar to effusive-constrictive
pericarditis with severe involvement of the epicardium and
adhesions between the parietal and visceral pericardium.
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Heartworm Disease

Ray Dillon

®YCANINE HEARTWORM DISEASE

Definition

L

II.

III.

Heartworm disease (HWD): inflammatory disease of pul-

monary vasculature and lung parenchyma

Distribution

A. Tt occurs in temperate and tropical climates where
suitable mosquito vectors and reservoir animals exist.

B. It is endemic in most parts of the world, including
southern Canada, Central America, South America,
Australia, Japan, western and southern Africa, and
southern Europe.

C. In the United States, canine HWD has been detected in
every state.

Primary hosts and principal reservoirs of infection

A. Domestic dogs: almost 100% of dogs infected with third-
stage larvae develop adult heartworm (HW) infections

B. Wild canines, wolves, foxes, and coyotes

IV. Other susceptible hosts

A. Domestic and captive wild cats (e.g., African lion)
B. Ferret: more susceptible than cats
C. California sea lion

V. Aberrant hosts

A. Other mammals, including humans
B. May be infected but do not become microfilaremic, so
do not serve as reservoirs of infection

Causes

L

II.

Dirofilaria immitis with mosquitoes as an obligatory inter-
mediate host

Lifecycle of D. immitis (Figure 12-1)

A. Microfilaria (MF)/embryo stage (L1)

1. MF may circulate in the blood of an infected canine
host for >2 years after being released by a gravid
female.

2. Live MF actively navigate capillaries.

3. MF are ingested by a suitable mosquito vector.

B. Third stage (L3)

1. MF molt twice (L1—L2, L2—L3) in the mosquito to
reach the infective L3, with maturation occurring in
the midgut region.

2. MF migrate (only mature L3) to the proboscis of the
infected mosquito within 12 to 40 days, depending
on ambient temperature.

3. Requirements for the mosquito to develop infective
larvae are 130 heat units (1 heat unit is a mosquito
environment of 1° C of temperature >14° C each
day).

4. MF are deposited on the skin and enter the definitive
host through a mosquito bite wound.

C. Tissue migratory stages

1. L3 infective larvae molt (within 2 weeks) to the
fourth stage (L4) and migrate toward the heart.

2. Maturation to the fifth stage (juvenile to adult, L5)
occurs about 50 to 70 days after infection.

D. Adult stage

1. Fifth-stage larvae penetrate systemic veins between
70 and 85 days and arrive in the right ventricle as
immature L5.

Mosquito
L3
Migration stage
Mosquito
L4
MF

released Antigen

detectable L5

éAdult L5 |
180 days pi
90 days pi
2-5cm L5 PA

FIGURE 12-1 Life cycle of Dirofilaria immitis. Third-stage larvae (L3)
are deposited on the skin and enter the host during mosquito feeding.
After molting into fourth stage (L4) and migration, fifth stage (L5)
arrive in the pulmonary arteries (PAs) 75 to 90 days postinfection (pi).
Immature L5 stages are in distal pulmonary arteries for 3 months
before antigen or microfilaria can be detected. Worms grow to full size
and patency occurs by 180 days after infection. If males and females are
present, microfilaria (MF) are eventually released into the circulation
making L1 stages available for ingestion by feeding mosquitoes.
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2. L5 locate in the distal pulmonary arteries as 1.5-cm
worms, usually in left and right caudal pulmonary
arteries.

3. L5 mature over the next 90 days and become adults
by 180 days postinfection.

4. Adult worms may survive up to 5 years.

III. Pathogenic lifecycle stages

A.

B.

The L5 (immature and mature) HW is responsible for
most pathologic changes.

Renal glomerular changes have been attributed to de-
position and immunological destruction of MF but are
of limited clinical significance.

Death of MF cause significant inflammation in any
tissue that can persist months after death.

Cardiopulmonary changes are associated with the

following:

1. Arrival of immature L5 (90 days postinfection) in
the lungs

2. Physical presence of live adult HWs

. Death of immature L5 and adult HWs

4. Release of substances from adult HWs, with local
and systemic effects

W

IV. Variability of host responses to parasite infection

A.

B.

Wolbachia spp. role in D. immitis

1. It is an intracellular endosymbiotic bacteria with
vertical transmission that is present in all stages of
the HW life cycle (L1 to L5)

2. Highest concentrations are in the reproductive tract
of female HWs.

3. Absence of bacteria results in infertility and de-
creased MF production.

4. Association of bacteria and inflammation secondary
to HWD is unclear.

Killing bacteria with tetracyclines before adulticides

may be associated with less pathology, but clinical

significance is unknown.

Pathophysiology

I. Pulmonary vascular disease

A.

E.

E

Vascular lesions are related to severity of inflammation
and shear stress on endothelium associated with high
cardiac output.

Endothelial injury and myointimal proliferation is asso-
ciated with local trauma and platelet activation by live
and dead (especially) HWs.

Cor pulmonale is a consequence of the activity pattern
of the dog and not HW numbers (e.g., active dogs
with low worm burden may have severe cardiovascular
disease).

Myointimal proliferation may be reversible after re-
moval of HWs, but capillary bed fibrosis and increased
pulmonary vascular resistance associated with small
vessel disease may be irreversible.

Embolization and obstruction of flow are rarely the
cause of pulmonary hypertension.

Acute lung injury is the most life-threatening aspect
of HWD.

II. Cardiac disease

III.

A. High cardiac outputs with exercise, together with lung

pathology in active dogs cause the following:

1. Right ventricular hypertrophy (RVH): classic cor

pulmonale

2. Right-sided congestive heart failure (CHF) and

ascites
3. Pulmonary hypertension
B. Tricuspid valve regurgitation may develop.

1. Dilatation of tricuspid annulus from right ventric-

ular enlargement

2. Mechanical interference by HWs (caval syndrome)
Pulmonary parenchymal disease

A. Diffuse interstitial infiltration

1. Initial arrival of immature L5s at 70 to 90 days
postinfection results in intense eosinophilic inflam-

mation.

2. Parenchymal lesions and loss of type I alveolar cells

are especially significant during death of HWs.

3. Pulmonary fibrosis of capillary beds occurs in active

dogs.
B. Pulmonary granulomas
1. Develop after HW death and thrombosis

2. Associated with immunological destruction of MF
and most severe in occult HWD (no circulating MF)

IV. Caval syndrome

A. Heavy adult worm infections (typically >75 HWs)

B. Displacement of worms to the right atrium, caudal

vena cava, and hepatic veins

C. Presence of the worms within the tricuspid valve

annulus causing tricuspid insufficiency

D. Tricuspid insufficiency and hepatic congestion resulting

in red blood cell fragility and lysis

V. Glomerulonephritis

A. Deposition of immune complexes containing worm

antigen in the glomerular basement membrane
B. Physical damage to glomerulus by viable MF
C. Rarely significant proteinuria

Clinical Signs

L.

1L

III.

General trends

A. Although HW infection can cause devastating disease,

dogs often remain asymptomatic indefinitely.

B. Signs may develop as early as 3 to 6 months after
infection from the pulmonary reaction to arriving L5s.
C. Pulmonary hypertension and significant cardiac changes
may never occur or may be delayed in the inactive dog.
D. Significant disease may develop in the athletic dog

regardless of worm numbers.
E. Death of HWs is associated with acute clinical signs.
Signs associated with chronic cardiopulmonary disease
Nonproductive cough
Respiratory distress
Exercise intolerance, lethargy
Syncope triggered by sudden exercise
Weight loss: cardiac cachexia
Ascites
Hemoptysis: uncommon except with HW death
Acute signs associated with caval syndrome
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A. Anorexia, lethargy, weakness, fever

B. Hemolytic crisis: icterus, hemoglobinuria, bilirubinuria,
pale mucous membranes

C. Tachycardia, bounding pulses

D. Acute, intermittent, or chronic (weeks) duration

Diagnosis
I. Physical examination findings

A. Heart murmur (inconsistent finding)

1. Systolic murmur of tricuspid regurgitation may
develop secondary to tricuspid insufficiency.

2. A murmur of tricuspid regurgitation is common in
dogs with caval syndrome.

3. Adiastolic murmur of pulmonary valve insufficiency
is uncommon.

4. Splitting of the second heart sound from asynchrony
of closure of the aortic and pulmonic valve is asso-
ciated with pulmonary hypertension and severe
HWD.

B. Lung sounds: harsh rales possible

C. Evidence of right-sided CHF
1. Jugular venous pulsation, distention
2. Hepatomegaly, ascites
3. Chronic weight loss
4. Gallop rhythm: accentuated third heart sound

D. Normal examination in most dogs with HWD

II. Thoracic radiography

A. Diffuse interstitial pattern initially develops in caudal
lung lobes 90 days after infection (HW haze).

B. The earliest vascular changes are linear opacification of
peripheral pulmonary arteries in the caudal lung lobes
on the ventrodorsal (VD) view.

C. Pulmonary artery tortuosity, loss of uniform tapering,
and truncation develop over time.

D. If the dog is active and increased cardiac output is
generated over time, the result is right heart hyper-
trophy, with increased sternal contact on the lateral
view and a “reverse D-shaped” heart on the VD view.

E. Diffuse interstitial patterns and loss of detail can be
associated with eosinophilic pneumonitis and acute
lung injury.

E Nodular pulmonary parenchymal densities are indica-
tive of focal granulomas and major arterial thrombosis.

G. Large eosinophilic granulomas with clearly defined
borders are uncommon.

H. Minimal changes may occur even with significant worm

burdens.

III. Electrocardiography (ECG)

A.

B.

ECG evidence of RVH may occur and result in right
axis deviation and deep S waves.

Arrhythmias are very uncommon, even with severe
disease.

IV. Echocardiography

A.
B.

C.

Hypertrophy of the right ventricular wall

Right atrial enlargement and tricuspid insufficiency in
severe HWD

Paradoxical motion of the interventricular septum in
some cases of pulmonary hypertension

E
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Pulmonary artery dilation with pulmonary hyper-
tension

HWs in cross-section: short parallel, echodense lines in
the pulmonary artery (right peristernal view) and right
heart

Pulmonary hypertension: tricuspid regurgitation veloc-
ity >3 m/sec, pulmonic insufficiency velocity >2.7 m/sec

V. Clinical laboratory findings

A.

B.

B.

Hematology: possible eosinophilia and basophilia early

in the infection

Serum biochemical profile

1. Hypergammaglobulinemia

2. * Elevation of hepatic enzymes

3. Elevated serum creatinine and blood urea nitrogen
(BUN) with coexisting disease or caval syndrome

Urinalysis

1. Albuminuria: rarely associated with HWD

2. Hemoglobinuria, hyperbilirubinuria: post-caval syn-
drome

VI. Definitive diagnostic tests
A.

Species identification of circulating MF

1. MF of D. immitis and D. reconditum must be differ-
entiated.

2. Rarely, other MF are identified in dogs from
Europe.

3. Although routine tests for MF have become less
common, they are still important.

a. MF are reservoirs of infection.

b. Some microfilaremic dogs do not have detectable
amounts of circulating HW antigen (Ag).

¢. MF-positive dogs with large numbers of MF
may have adverse reactions to microfilaricidal
medications.

4. Concentration techniques (Knott test and filter
method) are far superior to fresh blood smears
as screening tests because MF numbers vary with
temperature and activity of the dog.

5. MF detection is negative in 40% to 50% of spontane-
ous HW cases and higher in dogs on preventative
medications.

6. False-positive results can occur with poor labora-
tory technique, failure to kill MF after adulticidal
therapy, and in puppies from transplacental transfer
of MF before birth if the bitch was MF positive.

7. Only 1% to 3% of dogs with circulating MF do not
have adult HWs in the heart.

Serological testing

1. Some infected dogs do not have circulating MF for
one of the following reasons:

a. Prepatent infection, with L5s in heart and lungs
that are not mature enough to produce MF

b. Host hypersensitivity to MF (immune occult)

¢. Unisex infection: >30% of MF-negative dogs

d. Microfilaricide (chemoprophylaxis) suppression
of MF

e. Infertile HWs

2. Regardless of testing method, all commercially avail-
able Ag assays test for the same glycoprotein.
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a. The Ag measured is released in quantities high
enough to be detected only from fully mature
female HWs.

b. Microwell titer methods detect the lowest Ag
loads (higher sensitivity).

c. There is a general relationship between the
number of fully mature, female HWs and the
amount of Ag.

d. False-negative results are caused by low anti-
genemia.

(1) Immature infections

(2) Low numbers of females

(3) Unisex (male) infections

(4) Test method with low sensitivity (whole
blood tests)

e. False-positive results are rare.

(1) Technical errors: inadequate wash techniques
in microwell titer methods
(2) Nonspecific binding to sample debris

Application of MF and HWAg testing

1. A positive MF test does not assure the presence of
adult HWs.

2. A positive HWAg test indicates a current or recent
infection with adult HWs.

3. A negative HWAg test does not indicate the dog is
HW negative.

4. A dog can have immature adult HWs (3 to 6 months
postinfection) in the heart and be negative on both
MF and HWAg testing.

5. After initial testing of any dog >6 months of age,
retest 3 months later to ensure HW status.

6. When screening in areas where prevalence of infec-
tion is low, the predictive value of a positive test
result depends more on the specificity of the test
than its sensitivity.

Direct visualization of adult HWs via two-dimensional

echocardiography

1. The right cardiac chambers, main pulmonary artery,
and caudal vena cava can be adequately imaged for
adult HWs.

2. Findings can be negative in large dogs when worms
reside in distal pulmonary vessels that cannot be
imaged.

3. Negative results do not rule out the disease.

4. A cluster of worms surging back and forth through the
tricuspid valve is a classic feature of caval syndrome.

Differential Diagnosis

I. Pulmonary thrombosis
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Hyperadrenocorticism

Glomerulonephritis with low antithrombin III levels
Idiopathic pulmonary thrombosis

Autoimmune hemolytic anemia

Primary pulmonary hypertension

Previously resolved HWD

II. Pulmonary neoplasia
II1. Primary chronic respiratory disease

A.

Chronic bronchitis

B.
C.

Bacterial and fungal pneumonia
Tracheal collapse

IV. Heart failure

A.
B.
C.

Dilated cardiomyopathy
Pericardial disease
Valvular heart disease

V. Pleural cavity diseases

Treatment

1. Pretreatment evaluation

A.

E.

Perform a thorough physical examination with partic-
ular attention to coexisting diseases that might com-
plicate therapy.

Counsel the owner of working dogs that exercise intol-
erance may continue postadulticidal therapy.

Thoracic radiography assesses the degree of cardiac
and pulmonary arterial changes but cannot predict
postadulticidal complications.

Initial laboratory tests include a complete blood count,
serum biochemical profile, urinalysis, and semiquanti-
tative HWAg assay.

Additional studies include ECG and echocardiography.

II. General sequence of therapy

A.

B.
C.

G

Confirm positive results and determine Ag load with
microwell testing methods.

Perform pretherapy screening for subclinical disease.
Initiate an HW preventative medication that has no
acute microfilaricidal activity (NoTE: Milbemycin is
microfilaricidal at the preventative dose.)

Administer melarsomine in split doses (see following
discussion).

Restrict exercise during and for 6 weeks after last
administration of adulticide.

Check for MF and treat (if present) with microfilaricide
4 weeks after melarsomine.

Recheck HWAg 3 to 4 months after melarsomine.

II1. Patient classification (Table 12-1)

A.

Classification of dogs can be useful in considering
the reversibility of the disease and ability of the dog to
regain activity.

Itis not useful in predicting complications of adulticidal
therapy.

There is a strong relationship between the number of
worms killed (which cannot be predicted) and post-
therapeutic complications.

IV. Elimination of adult HWs

A.

Melarsomine HCI (Immiticide)

1. Treat dogs with class 1 and class 2 disease with two
injections of 2.5 mg/kg IM, 24 hours apart.

a. This standard dose may be used in areas where
the HW burden is consistently low.

b. Regardless of classification, in endemic areas all
dogs should be treated with the split-dosing
regimen (see following discussion).

2. Give dogs with class 3 disease in endemic areas one
injection of 2.5 mg/kg IM; wait at least 30 days, then
give two injections of 2.5 mg/kg IM, 24 hours apart
(split-dosing regimen).



Classification of Heartworm Disease in

Dogs

CLASS

CRITERIA

Class 1:
subclinical
disease

Class 2:
moderate
disease

Class 3: severe
disease

1.

w

Weakly positive HWAg test (low worm
burden)
No clinical signs

. Normal physical examination

Thoracic radiographs normal or mild
evidence of pulmonary arterial or
parenchymal changes

Laboratory tests normal

Moderately positive HWAg test (moderate
worm burden)

Moderate exercise intolerance and/or an
occasional cough

Good to fair general condition

Moderate right ventricular and/or main
pulmonary artery enlargement, moderate
enlargement of the pulmonary arteries
with truncation, diffuse perivascular
pulmonary parenchymal infiltrates on
radiography

Possibly mild anemia, circulating
eosinophilia

Strongly positive HWAg test (high worm
burden)

Obvious clinical signs: significant exercise
intolerance, respiratory distress, persistent
cough, ascites, anorexia, weight loss

Poor to fair general condition, increased
respiratory sounds, easily elicited cough,
jugular venous distention, ascites,
prolonged capillary refill time, pale
mucous membranes

Right ventricular and atrial enlargement,
enlarged pulmonary arteries with pruning,
truncation and loss of arterial
arborization, diffuse pulmonary
parenchymal infiltrates with evidence of
pulmonary thromboembolism

Elevated levels of blood urea nitrogen,
creatinine, and hepatic enzymes

HW, Heartworm; Ag, Antigen

3. Even with careful attention to needle handling and

injection techniques (medication must be given
by deep-lumbar IM injection), local inflammation
occurs.

. Reactions to one injection may not consistently be
followed by reactions to subsequent injections.

. Efficacy against adult HWs is significantly higher
than that of thiacetarsamide, and incidence of acute
hepatic and renal toxicities is rare.
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. Minimize physical activity during and for 4 to

6 weeks after treatment.

. Death of HWs (typically 2 to 3 weeks after injec-

tions) is associated with acute lung injury and
platelet activation.

. Efficacy is related to the age and sex of the worm,

and a single injection can result in significant, acute
lung injury if older worms are present.

B. Slow-kill methods

1.

Ivermectin (Heartgard Plus) administered at the
preventative dose (6 ng/kg PO once monthly) for
>18 months has been associated with an incom-
plete, slow kill of adult HWs.

. Monthly dosing with selamectin (Revolution) has less

adulticidal effect than with ivermectin (Heartgard
Plus).

. Moxidectin and milbemycin have very limited

adulticidal effects at the preventative doses.

. Thekilling of HWs (regardless of cause) is associated

with acute lung injury and increased lung pathology.

. Dogs not confined and treated with slow-kill methods

have increased risk of thromboembolic disease and
acute respiratory distress.

. Slow-kill methods are not considered an effective

alternative to adulticidal therapy unless other signifi-
cant medical problems exist.

C. Surgical extraction of adult HWs

1.

Straight alligator forceps are used for worms in the
right atrium or caudal vena cava.

. Venotomy is indicated only in caval syndrome.
. Pulmonary arteriotomy can be performed but is

usually confined to heavy worm burdens where
adulticides are considered too risky.

. Flexible grasping forceps can be introduced with

fluoroscopyinto the pulmonaryartery viaa venotomy
for worm removal.

V. Elimination of MF
A. Ivermectin

1.

Dose is 50 pg/kg PO, repeated in 2 weeks if MF
persist.

. The cattle parasiticide may be diluted 1:9 with

propylene glycol and given at 0.5 mL/10 kg PO.

. Dosage in collies and other ivermectin-sensitive

dogs must be precise, because adverse reactions may
occur at the 200 pg/kg dose.

. Microfilaricidal reactions may occur within 2 hours

in dogs with high MF numbers, so hospitalization
and monitoring are prudent.

. Prophylactic dosing of avermectins also eliminates

MF by embryostasis and results in the elimination of
circulating MF within 6 to 12 months, even when
adults are present.

B. Milbemycin oxime

1.

The prophylactic dose (500 pg/kg PO) is micro-
filaricidal and eliminates MF quickly.
Microfilaricidal reactions may occur within 2 hours
in dogs with high MF numbers, so hospitalization
and monitoring are prudent.
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3. Inadvertent administration to dogs of unknown MF  VIIL. Ancillary treatments
status should be avoided. A. Prednisolone
VI. Chemoprophylaxis of HW infection 1. Dosage is 1 to 2 mg/kg PO BID for acute lung injury
A. Ivermectin associated with adulticidal therapy.

1. Dosage is 6 to 12 ug/kg PO once monthly.

2. Protection is provided for an exposure period of at
least 45 days preceding administration.

3. If administered for 12 consecutive months, it kills
all stages up to 4 months postinfection.

4. At 4 months postinfection, the HWs are already in
the pulmonary arteries and death of the worms is
associated with lung injury, thus the terms reach-
back effect and prevention of infection when admin-
istered to dogs with immature HW infections.

5. Long-term administration to dogs with prepatent
or patent infections results in suppression of MFE.

6. This dose is safe in all breeds of dogs.

2. It can be administered in decreasing doses over 2
weeks for suspected eosinophilic pneumonitis and
pulmonary granulomas.

3. Routine administration is not recommended with
adulticidal therapy.

. Supplemental oxygen: induces pulmonary vasodilation

and oxygenation during postadulticidal complications

. Therapy for right-sided CHF

1. Strict exercise limitation
2. Diuretics in modest doses
3. Dietary sodium restriction
4. Supplemental oxygen

B. Milbemycin oxime Monitoring of Animal

1. Dose is 500 pg/kg PO once monthly. I. Complications of therapy are numerous (Table 12-2).

2. It also controls roundworm, hookworm, and II. Assess the efficiency of adulticide treatment by the fol-
whipworm infections. lowing:

3. If administered for 12 consecutive months, it kills A. Clinical signs of efficacy

all stages up to 3 months postinfection.

4. At 3 months postinfection, the HWs are already in
the pulmonary arteries and death of the worms is
associated with lung injury, thus the terms reach-
back effect and prevention of infection when admin-
istered to dogs with immature HW infections.

5. Long-term administration to dogs with prepatent
or patent infections results in suppression of MFE.

6. This dose is safe in all breeds of dogs.

. Selamectin

1. Dosage is 6 mg/kg applied topically every 30 days.
2. It kills adult fleas and prevents flea eggs from
hatching.

1. Development or worsening of respiratory signs 5 to
10 days after treatment from death of HW

2. Eventual improvement in respiratory signs

3. Nonprogression of postadulticidal signs after 8
weeks

B. HW antigenemia

1. Persistence beyond 12 to 20 weeks after treatment
is indicative of a residual or new infection.

2. Disappearance within 12 to 20 weeks indicates com-
plete eradication or survival of very few worms.

C. Microfilaremia: disappearance of MF does not guaran-

tee all adults have been killed, because preventatives
suppress MF production.

3. This dose is safe in all breeds tested.
D. Moxidectin
1. Dose is 0.17 mg/kg SC every 6 months.
2. Tt reduces circulating MF numbers and is not asso-
ciated with adverse effects.

III. Assessing efficacy of microfilaricides requires timing of
reexaminations.
A. Ivermectin usually eliminates MF within 2 weeks (often
within 72 hours).
B. MF may persist in some cases.

3. Currently, the repositol injection formula is not
commercially available.

. Diethylcarbamazine citrate (DEC)

1. Dosage is 6.6 mg/kg PO SID preceding infection and
for 60 days following last exposure to mosquitos.

2. In dogs with MF, acute reactions can occur.

3. It may be continued in dogs that subsequently be-
come microfilaremic, as long as daily administration
is not interrupted for >3 days.

4. It may be used immediately in occult (MF-negative)
infections.

Reports of lack of efficacy of chemoprophylaxis

1. Lack of client compliance is the most common cause
of poor efficacy.

2. Aninitial HWAg test will be negative when immature
HWs are present, and if preventatives are dispensed,
the dog may become positive on assay repeated 6 to
12 months later.

1. Occasionally postadulticide MF-negative status is
not achieved.
a. Persistent, dual-sex infection
b. Inadequate dose of microfilaricide
2. A postadulticide return of MF may occur within
weeks of an initially successful microfilaricide treat-
ment.
a. Persistent, dual-sex infection
b. Unisex infection with female continuing to release
MF
3. A postadulticide return of MF may occur 2 to
3 months after successful microfilaricide treatment
because of reinfection with a new generation of
HWs.
a. Inadequate dose or duration of chemoprophy-
lactic agent
b. Noncompliance with chemoprophylactic admin-
istration
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P

Complications of Heartworm Therapy

THERAPIES COMPLICATIONS AND TREATMENT
Adulticide
Melarsomine Deep muscle pain and swelling at injection site

Microfilaricides

Use separate needle for injection

Deeply inject in the muscle with digital pressure afterward

Consider antiinflammatory drugs for muscle pain

Subsequent injections may not follow same reaction
Systemic effects

Minimal complications compared to thiacetarsamide

Efficacy is highly dose related, and accurate dosing by weight is critical to efficacy
Pulmonary thromboembolism

Fever, tachypnea, cough, and sometimes hemoptysis are evident

Clinical signs usually manifest as the worms die (5 to 14 days after treatment)

Disseminated intravascular coagulation may develop owing to rapidity and number of worms dying

Prednisolone and oxygen are useful

Bacterial pneumonia is a very rare complication of heartworm therapy

Exercise restriction is essential

Ivermectin

Milbemycin oxime

Overdosing in a sensitive dog may produce dose-dependent side effects
Minor signs (within 10 to 12 hours) include salivation, vomiting, mydriasis, tachypnea, disorientation,
stupor, mild ataxia, and tremors
Severe signs (may begin within 4 to 6 hours) are marked ataxia, tremors, seizures, recumbency, coma, and
death
Therapy for toxicosis involves supportive care with fluid therapy
Rapid reduction in MF may be confused with toxicosis
Onset within 2 to 8 hours: listlessness, fever, anorexia, vomiting, diarrhea, cough, shock
Therapy: supportive care with fluid therapy and corticosteroids
No adverse reactions attributed when administered at preventative doses
Rapid reduction in MF may cause clinical signs
Onset within 2 to 8 hours: listlessness, fever, anorexia, vomiting, diarrhea, cough, shock
Therapy: supportive care with fluid therapy and corticosteroids

Chemoprophylactic Agents

Ivermectin
Milbemycin oxime
Selamectin

Moxidectin

Diethylcarbamazine

There are no confirmed reports of adverse reactions at the prophylactic dose
It is safe in all breeds at this dose
There are no confirmed adverse reactions to date
In dogs with high MF numbers, acute reactions are related to microfilaricidal activity
There are no confirmed reports of adverse reactions at the prophylactic dose
It is safe in all breeds
Localized reactions at injection sites
Repositol formula is not currently available
No adverse reactions are reported from oral administration
Systemic reactions occur in Dirofilaria immitis MF-positive dogs within 20 minutes of receiving the drug:
Emesis, diarrhea, salivation
Depression, lethargy, incoordination, collapse
Hypovolemic shock
Disseminated intravascular coagulation
Reaction peaks within 1 to 2 hours, with recovery in most dogs by 6 hours
Supportive therapy consists primarily of fluid therapy and administration of corticosteroids

ME, Microfilaria.
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®YFELINE HEARTWORM DISEASE

Definition

I. An inflammatory disease of pulmonary vasculature and

lung parenchyma
II. Distribution

A. In temperate and tropical climates in which suitable

mosquito vectors and reservoir animals exist

B. Endemic in most parts of the world and in every

location where dog HWD reported

III. Primary hosts and principal reservoirs: canine species
A. Domestic and captive wild cats (e.g., African lion) are

susceptible.
B. Ferrets are more susceptible than cats.

C. Because the infected cat rarely produces MF, a mos-
quito must feed on a dog and then after L3s develop, the
mosquito must feed on a cat in order for the cat to get

HWD.

D. The different feeding preferences of mosquito species
for cats and dogs influence the transmission of HWD

from dogs to cats.

Causes

I. Caused by parasite D. immitis, with the mosquito as an

obligatory intermediate host
II. Lifecycle of D. immitis (see Figure 12-1)

A. The mortality rate of immature L5s is higher in cats
than dogs, which results in more lung inflammation
associated with some early worm death (80 to 160 days

after infection).
B. Adult worms may survive 1 to 3 years in cats.
III. Pathogenic lifecycle stages

A. The L5 (immature and mature) HW is responsible for

nearly all pathologic changes.

B. The arrival and death of some immature L5 stages as
early as 70 days after infection account for the early,

acute respiratory disease that occurs in cats.

C. No renal glomerular changes have been attributed to

HWD in cats.

D. Death of MF causes significant inflammation in any

tissue.

E. Cardiopulmonary changes are associated with the

following:

1. Arrival of immature L5s: intense eosinophilic re-

action in cats
2. Physical presence of live, adult HWs

3. Death of immature L5 and adult HWs causing acute
lung injury as early as 3 months after infection
4. Release of substances from adult HWs with local

and systemic effects

5. Continued inflammatory lung disease after HW

death

Clinical Signs

I. Clinical signs are respiratory, not cardiac in nature.
II. Signs can include the following:
A. Coughing

E.

E

Intermittent dyspnea

Sporadic vomiting: rarely associated with eating but
not always associated with respiratory signs

Lethargy, weight loss

Hemoptysis: uncommon

Nonspecific neurological signs: aberrant migration or
location

I11. Sudden death may result.

Diagnosis

I. Physical examination findings

A.
B.

C.

Heart murmurs: rare

Lung sounds: harsh rales, increased bronchovesicular
sounds

Rarely signs associated with right-sided CHF

1. Jugular venous pulsation, distention

2. Pleural effusion: muffled heart and lung sounds

II. Thoracic radiography

A. Pulmonary radiographic features are first recognizable
in the caudal lung lobes and best appreciated in the VD
projection.

B. The first radiographic signs are bronchointerstitial and
associated with arrival of immature L5s.

C. Indistinct widening of the caudal pulmonary arteries
may occur and can be obscured by lung parenchymal
densities.

D. Peribronchial and interstitial pulmonary lesions are
often independent of tortuosity and truncation of
peripheral pulmonary arteries, and the caudal lung
lobes are typically the most affected.

E. Enlargement of the caudal pulmonary arteries (ratio
>1.6:1 when compared with the 9th rib in the dorso-
ventral or VD projection) is a transient lesion that may
abate even with persistent HWD.

E  Pleural effusion has been documented but is uncommon.

III. ECG

A. ECG evidence of RVH is rare in cats, because pulmo-
nary hypertension is uncommon.

B. Hemodynamically significant arrhythmias are rare.

IV. Echocardiography
A. The RV is typically normal.
B. Dilatation of the main pulmonary artery and visual-

ization of adult worms may be detected in the right
parasternal view.

V. Clinical laboratory findings

A.
B.

Eosinophilia and basophilia are highly suggestive.
Biochemistry profiles and urinalysis are typically
normal.

VI. Definitive diagnosis of infection

A.

Serological and MF testing
1. Cats with HWD typically do not have circulating
MF because of the following:
a. Prepatent infections
b. Host hypersensitivity to MF (immune occult)
c. Unisex infection
d. Infertility of female HW
2. When present, MF are very transient.



3. Commercially available HWAg detection kits are
applicable for all host species, with the exception of
the bifunctional antibody/hemagglutination test.

a. False-negative results are caused by low anti-
genemia.

(1) Prepatent (immature) infections
(2) Light infections with <3 worms
(3) Unisex (male) infections

b. False-positive results are uncommon.

(1) Technical errors: related to inadequate wash
cycles
(2) Nonspecific binding to sample debris

4. Feline HW antibody (Ab) tests are sensitive and
specific for Ab response to developing larvae and
adults.

a. Most commercial HWAb tests become positive
2 to 3 months after the infection.

b. Cats with adult HWs may be HWAb negative.

c. Because each commercial test evaluates different
AD responses to different Ags, discordant results
between testing methods are common when
examining the same cat at different times during
the HW lifecycle.

B. Interpretation of results

1. A positive HWAg test is indicative of a current or
recent infection with adult female HWs.

2. A negative HWAg test does not eliminate the
disease.

3. A negative HWAD test does not eliminate HWD.

4. A positive HWAD test documents that the cat has
been successfully infected and the L3 stage has
molted and lived at least 2 to 3 months.

a. Results may or may not reflect immature HWs in
the pulmonary arteries.

b. Results do not establish a diagnosis of an adult
infestation.

c. Abtiters or concentrations indicate a recent infec-
tion but are also frequently associated with death
of immature and adult HWs.

C. Directvisualization of adult HWs with two-dimensional
echocardiography

1. The right cardiac chambers, the main pulmonary
artery and right branch, and the caudal vena cava
can be adequately imaged to identify adult HWs.

2. Findings may be positive even when all other tests
are negative.

3. Failure to visualize HWs does not rule out the disease
as immature worms may reside in distal pulmonary
arteries.

Differential Diagnosis

L.
1L
III.

IV.

Feline bronchial disease (asthma)

Pulmonary neoplasia

Inflammatory respiratory disease: feline infectious peri-
tonitis, pneumonia, lung worms, lung flukes

Heart failure: cardiomyopathy, pericardial disease, valvular
heart disease
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Treatment

I. Because of the severity of postadulticide complications in
cats, adulticides are rarely administered.
II. Clinical evaluation involves the following:

A.
B.

Thorough physical examination

Thoracic radiography

1. Assesses degree of cardiac and pulmonary arterial
and parenchymal changes

2. May help differentiate feline HWD from other
potential diagnoses

Selective laboratory tests

1. Complete blood count, serum biochemical profile,
urinalysis

2. Semiquantitative HWAg assessment using a micro-
well technique to determine low antigenemia

3. HWAD assay

D. Additional special studies depending on the clinical

circumstances
1. ECG: seldom diagnostic
2. Echocardiography
a. Sensitivity is much greater in cats than in
dogs.
b. The bifurcation of the pulmonary artery must
be imaged.
c. Worms appear as short, hyperechoic, parallel
lines.
3. Nonselective pulmonary angiography
a. Allows for critical evaluation of pulmonary vas-
cular size and tortuosity, even in the presence of
pulmonary parenchymal infiltrate
b. May detect intraluminal filling defects
c. May help rule out important differential diag-
noses

III. Most investigators recommend against the use of adulticide
therapy in cats.

A.

B.

Melarsomine HCI (Immiticide)

1. Limited safety or efficacy studies in cats.

2. Single dose of 2.5 mg/kg IM resulted in 35% worm
kill with no significant adverse effects, but adulticide
efficacy was not significantly different from placebo
(McCall, 2005).

Surgical extraction of adult HWs

1. Horsehair brush or endoscopic basket retrieval
device via venotomy or pulmonary arteriotomy

2. Indicated only in symptomatic cats in which HWs
can be visualized with echocardiography or that are
Ag positive

IV. Elimination of MF is rarely needed in cats.

A.

B.

Ivermectin

1. The prophylactic dose (24 pg/kg PO) is almost
microfilaricidal.

2. MF often disappear spontaneously.

Milbemycin oxime

1. Prophylactic dose (500 ug/kg PO) is also micro-
filaricidal.

2. Microfilaricidal reactions may occur within 8 hours
in cats with high MF numbers (very uncommon).
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V. Chemoprophylaxis for HWD is as follows:
A. Ivermectin
1. Dosage is 24 pg/kg PO once monthly (4 x the canine
dose).
2. Protection is provided for an exposure period of at
least 45 days preceding administration.
B. Milbemycin oxime
1. Dosage is 500 ng/kg PO once monthly (same as the
canine dose).
2. Provides protection for the prior 45 days, if admin-
istered at 60 and 90 days after exposure.
C. Selamectin
1. Dosage is 6 mg/kg applied topically every 30 days.
2. It kills adult fleas and prevents flea eggs from
hatching.
3. It also controls internal parasites.
VI. Supportive therapy for chronic disease includes the fol-
lowing:
A. Prednisolone
1. Dosage is 1 to 2 mg/kg PO BID, then tapered over
7 to 14 days.
2. It decreases pulmonary parenchymal inflammation
caused by immature L5 stages and acute lung injury.
B. Bronchodilators
1. They are used to control bronchoconstriction asso-
ciated with eosinophilic parenchymal inflammation.
2. Theophylline 25 mg/kg PO has had mixed results.
C. Antileukotrienes
1. Empirically decrease the life-threatening respiratory
crisis
2. Montelukast sodium (Singular) 5 mg PO SID

Monitoring of Animal

I. Complications of therapy

A. Adulticide administration or spontaneous death of

HWs can be fatal.

1. Acute lung injury

2. Pulmonary thromboembolism with severe lung
injury
a. Prednisolone is useful, as for dogs (see earlier).
b. Antibiotics are not necessary because pneumonia

is rare.

c. Exercise restriction for 4 weeks is essential.

B. Complications associated with the use of microfilari-
cides are uncommon because these drugs are infre-
quently used in cats.

C. All prophylactic HW prevention can be administered
to HW-positive cats.

1. Ivermectin
a. No confirmed reports of adverse reactions at
prophylactic doses
b. Safe in all breeds at this dose
2. Milbemycin oxime
a. No confirmed adverse reactions to date
b. Has unlikely but potential side effects in cats,
with high MF numbers related to its micro-
filaricidal activity
3. Selamectin: no confirmed adverse reactions to date

II. Long-term prognosis of HW-positive cats
A. Cats with respiratory and cardiac disease

1. They are radiographed every 3 months after a
positive diagnosis.

2. Clinical signs often do not correlate with radiog-
raphic lesions.

3. Medication is continued to decrease parenchymal
inflammation, even in asymptomatic cats.

4. Cats rarely develop cardiac changes, and CHF is un-
common.

5. Death of HWs is unpredictable and typically asso-
ciated with exacerbation of respiratory signs.

B. Prognosis in cats with HWD

1. HW-positive cats are placed on preventatives to
avoid additional infections.

2. HWAD titers do not reflect status of adult HWs.

3. Conversion of a cat from HWAg positive to negative
does not consistently reflect status of adult HWs.

4. Most cats with HWs eventually survive the infec-
tion but may continue to have chronic respiratory
disease.

5. Lifelong treatment for chronic bronchial disease
may be necessary, even after death of all HWs in
cats.
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®Y FUNCTIONAL ANATOMY OF THE
RESPIRATORY SYSTEM

I. Nasal cavity and sinuses
A. They extend from external nares to nasopharynx.
B. Nasal turbinates are lined by ciliated columnar epi-
thelium and mucus-producing goblet cells.

1. Larger particles (=6 wm) in inspired air are trapped
via turbulent precipitation.

2. Inspired air is warmed and humidified.

3. Mucus contains factors responsible for local immu-
nity, such as interferon, lysozyme, and protease inhi-
bitors.

4. A reflex sneeze follows stimulation.

II. Nasopharynx and pharynx

A. Coordinated pharyngeal muscle contractions are nec-
essary for normal swallowing.

B. A reflex induced by irritation stimulates reverse
sneezing.

C. Lymphocytic aggregates are involved in immunological
response to inhaled antigens.

III. Larynx

A. Complex of articulated cartilages: arytenoids, thyroid,
cricoid, and epiglottis

B. Intrinsic musculature of larynx

1. Abduction during inspiration reduces airway resis-
tance.

2. Adduction during swallowing prevents aspiration.

3. Cough reflex is induced by laryngeal stimulation.

IV. Trachea
A. Itislined by ciliated columnar epithelium.

1. Mucociliary action moves sedimented particulate
matter toward the pharynx, where the matter is
coughed and swallowed.

2. Local factors in mucus are responsible for mucosal
immunity.

B. Stimulation results in cough.

V. Small airways: bronchi and bronchioles

A. Distribution of inspired air into lungs

B. Immunoglobulin A: predominant immunoglobulin

C. Smooth muscle within bronchioles involved in bron-
chial constriction

VI. Pulmonary parenchyma

A. Alveoli

B. Pulmonary interstitium

C. Pulmonary capillaries

D. Area of diffusion of gases

VII. Pleural space and mediastinum

A. Mediastinum contains major vasculature, trachea,
esophagus, thymus, and heart.

B. Pleural space is defined as a potential space between
the lungs and chest wall.

C. Pleural space is lined by mesothelium and normally
contains a small volume of fluid.

VIII. Chest wall

A. Protects intrathoracic structures

B. Actively contributes to inspiration via external inter-
costal muscles

#¥ RESPIRATORY PHYSIOLOGY

I. Ventilation
A. Inspiration is an active process.
1. Contraction of diaphragm
2. Contraction of external intercostal muscles
B. Expiration is normally passive.
1. Elastic recoil of diaphragm, chest wall, and lung
2. Active expiration by abdominal contraction during
exertion
C. Work of breathing is determined by three factors:
1. Compliance work is determined by lung and chest
wall elastic forces.
2. Tissue resistance work is determined by the viscosity
of the lung and chest wall structures.
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3. Airway resistance work is determined by the inte-
grity and dynamics of the nares, larynx, trachea,
bronchi, and bronchioles.

a. Compliance and tissue resistance are affected by
pulmonary parenchymal diseases.
b. Airway resistance is affected by airway disease.

D. Alveolar ventilation is defined as the rate at which new

air reaches the alveoli.
1. Normal tidal volume is a small percentage of total
lung capacity.
a. Insufficient volume to reach alveoli
b. Gases exchanged via diffusion from small airways
to alveoli
2. Dead space is defined as air volume within the
airways where gas exchange does not occur.
a. An