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Preface

Emergency and critical care medicine remains exciting, challenging, and often fast-paced.
Clinicians must think on their feet to consider lists of differential diagnoses, recommend
appropriate diagnostic tests, and implement therapies to save a patient’s life. The Veterinary
Emergency and Critical Care Society and the American College of Veterinary Emergency and
Critical Care have worked together to raise the standard of care in veterinary emergency and
critical care medicine for more than 25 years. Utilization of diagnostic and monitoring tools
and integration of the most recent advances in patient monitoring and medicine allow us to
constantly improve the probability of success in our hospitals. Together, the veterinary team
of veterinarian and nurses, the pet owner, and the animal patient all benefit from constant
learning and developments in the field of veterinary emergency and critical care medicine.

The second edition of this textbook offers the most up-to-date information on common
clinical signs and diseases seen when an animal presents on emergency. Arranged in alpha-
betic order, the organization of topics allows rapid access with succinct bullet points to aid
in making a rapid diagnosis and implementation of therapy in a busy emergency or daytime
small animal hospital. This second edition has been expanded to include more than 15 new
topics, including an extended list of the common small animal toxicities. This edition con-
tinues to provide color images and flowcharts to add to understanding the text material.

As before, I have been privileged to work with more than 50 board-certified experts who
have written or updated the chapters in their respective areas of expertise. I have fortunately
had to replace the first edition of this text in my emergency room more than once, as the
pages became tattered from use. A tattered book is a well-used book. My hope is that your
copy will be well used and loved, and help to save many a patient’s life.

Most sincerely,
Elisa M. Mazzaferro

XV
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Acetaminophen Toxicity

DEFINITION/OVERVIEW

®  Acetaminophen (N-acetyl-p-aminophenol) is a common OTC or prescription medication
with antipyretic and analgesic properties. It is commonly known as “Tylenol,” APAP, or
paracetamol.

® Acetaminophen does not have antiinflammatory properties and is not considered an
NSAID.

®  Acetaminophen can result in accidental toxicosis in dogs, cats, and ferrets. Ingestion may
be accidental or by well-intentioned pet owners who are unaware of the toxic dose or
safety profile of this common medication.

= In dogs, clinical signs of toxicosis are seen at >100-150 mg/kg, while in cats and ferrets,
toxic doses can be seen at 10-50 mg/kg.

® Acetaminophen toxicosis results in methemoglobinemia (cats, less commonly dogs) or
hepatotoxicity (dogs, less commonly cats).

m Clinical signs of toxicosis typically include malaise, anorexia, paw or facial swelling,
vomiting, respiratory distress, brown mucous membranes, and icterus.

® Unlike the majority of toxicants, acetaminophen toxicosis does have an antidote
N-acetylcysteine (NAC), making the prognosis fair to excellent with supportive care.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Acetaminophen is a COX-3 inhibitor.

® Acetaminophen is metabolized through two pathways: the major pathway creates inac-
tive metabolites through conjugation to inactive glucuronide and sulfate metabolites. The
other pathway metabolizes acetaminophen by the cytochrome p450 enzyme pathway to
the toxic metabolite, N-acetyl-para-benzoquinoneimine (NAPQI). Toxicosis occurs when
the metabolic pathways for glucuronidation and sulfation are depleted; this results in toxic
metabolites building up and secondary oxidative injury to RBCs and hepatic proteins.

® Acetaminophen is rapidly absorbed from the stomach and GIT; peak blood levels are
reached within 30-60 minutes.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

Companion website: www.fiveminutevet.com/emergency
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SMALL ANIMAL EMERGENCY AND CRITICAL CARE

Systems Affected

® Gastrointestinal: vague GI signs may be seen early in acetaminophen toxicosis; more
severe signs may be seen with advanced hepatic failure.

m Skin/exocrine: facial or paw swelling may be seen in both cats and dogs via an unknown
mechanism; icterus with hepatotoxicity.

® Hemic/lymphatic/immune: oxidative injury to RBC and Hb molecules following glutathi-
one depletion, resulting in MetHb and Heinz body anemia.

m Respiratory: respiratory distress secondary to the presence of MetHb and the inability to
carry oxygen.

® Cardiovascular: shock secondary to anemic hypoxia.

® Hepatobiliary: hepatocellular injury and hepatic necrosis due to NAPQI.

® Nervous: hepatic encephalopathy secondary to hepatotoxicity.

® Ophthalmic: KCS has been reported with acetaminophen in dogs, even at subtoxic doses.

® Renal/urologic: rarely, large doses can result in renal tubular necrosis; this has only been
reported in humans.

sy

i-' | SIGNALMENT/HISTORY

Risk Factors

® Puppies and younger dogs appear to be overrepresented with poisoning due to their curi-
ous nature.

= Neonates, geriatric patients, or those with underlying hepatic disease may be more at risk
for acetaminophen toxicosis due to abnormal or delayed metabolism.

® Cats are more susceptible to acetaminophen toxicosis, as they lack sufficient glucuronyl
transferase to metabolize acetaminophen and have limited sulfate-binding capacity. Cats
are also more susceptible as their hemoglobin contains eight sulthydryl groups compared
to four in other species; this makes feline RBC more prone to oxidative injury and results
in MetHb developing earlier into toxicosis.

®  Chronic administration.

Historical Findings

Evidence of a tampered or chewed container or prescription bottle.
Owner administration.
Clinical signs consistent with acetaminophen toxicosis.

Q CLINICAL FEATURES

Gastrointestinal.
e Anorexia
e Hypersalivation
e Vomiting
¢ Diarrhea
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* Melena
* Abdominal pain
® Miscellaneous.
* Facial or paw swelling
* Generalized malaise
e Hypothermia
= Hemic/lymphatic/immune.
* Brown or cyanotic mucous membranes
* Hemoglobinemia
* Hemoglobinuria
®  Respiratory.
e Tachypnea progressing to dyspnea
* Brown-colored mucous membranes
 Increased respiratory rate and effort
® Cardiovascular.
* Tachycardia
* Hypotension
* Cardiovascular collapse
= Hepatobiliary.
* Malaise
e Icterus
e Bruising
* Melena
= Nervous.
e Dull mentation
* Generalized malaise
e Ataxia
e Head pressing, star gazing, or abnormal mentation
e Tremors
e Seizures
* Coma
® Ophthalmic.
* Mucopurulent discharge
e Squinting
e Rubbing at the eyes
* Conjunctivitis

(y DIFFERENTIAL DIAGNOSIS

= In patients presenting with increased liver enzymes or evidence suggestive of hepatopathy,
other hepatotoxicants (e.g., sago palm, Amanita mushroom, xylitol, blue-green algae, afla-
toxins, etc.), metabolic causes (e.g., cholangiohepatitis, extrahepatic biliary duct obstruction,
pancreatitis, etc.), neoplasia, or infectious (e.g., Leptospira, etc.) causes should be ruled out.
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In patients presenting with anemia, other differential diagnoses include toxicants (such as
zinc, mothballs (e.g., naphthalene), Allium spp. (e.g., onions, garlic, etc.), local anesthet-
ics (e.g., benzocaine, etc.)), metabolic causes (e.g., IMHA), infectious causes (e.g., Myco-
plasma felis, etc.), neoplasia, etc.

E DIAGNOSTICS

If an ingestion approaching a toxic dose has occurred, baseline blood work should include
a CBC, biochemistry panel, and blood smear (to look for the presence of Heinz bodies) at
the time of admission.

* Common clinicopathologic findings seen with acetaminophen toxicosis include
Heinz bodies, anemia, increased liver enzymes (typically seen 24-36 hours post
ingestion), hyperbilirubinemia, hemoglobinemia, hemoglobinuria.

* An extra drop of blood should be placed on a white paper towel to look for a dark or
brown appearance; the presence of “dark” (deoxygenated) blood is suggestive of MetHb.

Blood gas analysis:

* May reveal the presence of a metabolic acidosis

* In a patient with severe respiratory distress, an ABG can be performed to help rule
out acetaminophen toxicosis; the presence of a normal PaO, with a low oxygen satu-
ration is highly suspicious of toxicosis. Cooximetry can be used to measure MetHb,
but is not readily available in veterinary medicine.

Serum acetaminophen levels can be performed at a human hospital; levels are typically the
most elevated 1-3 hours post ingestion. However, toxic levels in dogs and cats are not well
established, and likely can only be used to confirm ingestion.

In hospitalized patients, a daily PCV/TS and hepatic panel should be performed every
24 hours. If liver enzymes are normal after 48 hours and the patient is no longer symptom-
atic, the patient can be discharged after this time.

In patients suspected of having hepatic injury (e.g., increased liver enzymes, hypoglyce-
mic, hypocholesterolemia, etc.), a PT/PTT should be performed.

Abdominal ultrasound + liver aspirate may be necessary in some cases to rule out other
differential diagnoses.

THERAPEUTICS

The mainstay therapy for acetaminophen toxicosis is administration of activated charcoal,
oxygen therapy, intravenous (IV) fluid therapy, antidotal therapy (e.g., NAC), and hepa-
toprotectants (e.g., SAMe).

Decontamination.

* Due to the rapid absorption of acetaminophen from the stomach and GIT, emesis
induction is not recommended. Rather, immediate administration of one dose of
activated charcoal (1-5g/kg, PO) with a cathartic (e.g., sorbitol) is warranted pro-
vided the patient is asymptomatic.
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* As acetaminophen undergoes some enterohepatic recirculation, multiple doses of
activated charcoal (with the additional doses being free of a cathartic) should ideally
be administered, provided the patient is asymptomatic and parenteral administration
of NAC is available. If NAC is only available orally, only one dose of charcoal should
be administered, with antidotal therapy prioritized after 2 hours of administration
of charcoal.

= Oxygen therapy.

* In tachypneic or patients with severe respiratory distress, immediate oxygen therapy

is warranted to help treat anemic hypoxemia.
Fluid therapy.

* The use of a balanced, isotonic crystalloid is warranted to help hydrate and perfuse

the patient.
Antidotal therapy.

e The use of NAC is warranted to help act as a glutathione source and to limit forma-

tion of the toxic metabolite NAPQI. This should be implemented as soon as possible.
Blood products.

e In cats with severe respiratory signs, transfusion of PRBC or whole blood may be
warranted, even with a normal PCV. As MetHb is unable to carry oxygen appropri-
ately, treatment should be aimed at antidotal therapy and oxygen support; if, how-
ever, the patient fails to respond clinically, administration of blood products may be
necessary to deliver hemoglobin to treat anemic hypoxia.

* In severe cases of acute hepatic failure secondary to acetaminophen, administration
of FP or FFP (10-20mlL/kg, IV) may be necessary to provide vitamin K -dependent
coagulation factors II, VII, IX, X.

= Hepatoprotectants.

* The use of SAMe is warranted to help reduce oxidative injury, and to act as a benign
antioxidant and glutathione source.

® Miscellaneous.

* Coagulopathic patients (secondary to liver failure) should be treated with vitamin K .

e Vitamin C (ascorbic acid) can be used as a benign antioxidant, but in this author’s
experience does not appear to be clinically beneficial.

* Methylene blue can be used to treat dogs with severe MetHb, and acts as an electron
donor to reduce MetHb to Hb. This should not be used in cats, as it can cause Heinz
body anemia.

® (astric protectants.

* The routine use of H, blockers, such as Cimetidine, is no longer warranted or recom-

mended to prevent p450 enzyme interference with acetaminophen metabolism.

Drugs of Choice

® N-acetylcysteine (NAC): 140-280 mg/kg IV or PO loading dose, followed by 70 mg/kg IV
or PO q6 hours x 48 hours or until clinical signs resolve.
= SAMe: 18 mg/kg PO q24 hours x 14-30 days on an empty stomach.
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Antiemetics.
* Maropitant (1 mg/kg SQ q24 hours; extralabel use in cats and via IV route); if evi-
dence of hepatic failure is present, alternative antiemetics should be used.
¢ Ondansetron: 0.1-0.5mg/kg IV q12 hours.
* Dolasetron: 0.6 mg/kg IV q24 hours.
Vitamin K : 1 mg/kg PO or SQ q12-24 hours.
Vitamin C: 30 mg/kg PO or SQ q6 hours.
Methylene blue: 1.5mg/kg IV 1-2x, slow (dogs only).
KCS treatment.
* Topical artificial tears OU, if indicated.
 Topical cyclosporine ointment OU, if indicated.

Precautions/Interactions

Acetaminophen is commonly combined with other ingredients such opioids or opioid-
like drugs (e.g., codeine, hydrocodone, oxycodone, propoxyphene, pentazocine, tra-
madol, etc.), decongestants (e.g., pseudoephedrine), antihistamines (e.g., chlorpheni-
ramine, diphenhydramine), antitussives (e.g., dextromethorphan), NSAIDS (e.g., aspi-
rin), and stimulants (e.g., caffeine). Dual toxicosis and variable clinical signs may occur
as a result.

Alternative Drugs

Ideally, a parenteral source of NAC should be used to allow additional GIT decontami-
nation (with multiple doses of charcoal). While extralabel, the use of inhalational NAC
(Mucomyst®) can be administered IV, using sterile technique and a 0.22 micron filter.
Please see a drug reference book for appropriate dosing and dilution.

COMMENTS

Client Education/Prevention/Avoidance

Owners should be educated to appropriately pet-proof the house. Education on crate
training is imperative.

Pet owners should be educated to never give an OTC or prescription medication to their
pet without consulting their veterinarian first.

Owners and veterinary professionals should be educated to call veterinary-specific poi-
son control centers for consultation with a veterinary toxicologist for life-saving advice
as needed.

Possible Complications

In cases where acute hepatic injury has occurred, pet owners should be educated that
chronic hepatopathy may develop.
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® While acetaminophen (typically in combination with hydrocodone or oxycodone) can
be used therapeutically in dogs as an alternative analgesic drug, therapeutic use in cats is
never recommended. In dogs, even with therapeutic doses, potential adverse effects can
be seen (e.g., KCS).

Expected Course and Prognosis

m Overall, the prognosis for acetaminophen toxicosis is fair to good, as the antidote NAC
is readily available. However, financial limitations may preclude treatment, which often
requires hospitalization for 24-72 hours.

® If clinical signs of acute hepatic failure or hepatic encephalopathy are present, the prognosis
for survival is much poorer.

Synonyms

Tylenol

Paracetamol

APAP

Percoset

Vicodin

Any medication with the term “headache” listed

Any medication with the term “cold and sinus” listed

Abbreviations

APAP:  N-acetyl-p-aminophenol
CBC:  complete blood count
COX:  cyclooxygenase

FFP: fresh frozen plasma

FP: frozen plasma
GL: gastrointestinal
GIT: gastrointestinal tract

Hb: hemoglobin

IMHA: immune-mediated hemolytic anemia
IV: intravenous

MetHb: methemoglobinemia

NAC: N-acetylcysteine

NAPQI: N-acetyl-para-benzoquinoneimine
NSAID: nonsteroidal antiinflammatory drug
OTC:  over the counter

OuU: each eye (oculus uterque)
PCV:  packed cell volume
PO: per os

PRBC: packed red blood cells
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PT: prothrombin time

PTT:  partial thromboplastin time
SAMe: S-adenosyl-methionine

SQ: subcutaneous
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chapter 2

Acute Respiratory
Distress Syndrome

DEFINITION/OVERVIEW

m ARDS is a severe inflammatory disorder of the lung that can cause respiratory failure in
dogs and cats.

® [t is a form of noncardiogenic pulmonary edema caused by lung inflammation, cellular
infiltration, and capillary leak.

® ALl is a milder form of inflammatory injury to the lungs but can progress to ARDS.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® AlTand ARDS can occur from direct pulmonary insult, or, more commonly in critically ill
patients, by a generalized inflammatory response such as SIRS or sepsis.

® In SIRS or sepsis, activation of tumor necrosis factor and proinflammatory interleukins
initiates inflammatory mediators and activation of neutrophils and macrophages. ARDS is
a local pulmonary manifestation of SIRS.

® Pancreatitis can cause lung injury secondary to vascular endothelial damage by activated
proteases and associated inflammation.

® Local pulmonary injury can trigger an inflammatory response that can become gener-
alized within the lung parenchyma, with production of proinflammatory cytokines by
inflammatory cells, lung epithelial cells, and fibroblasts.

® Clinical and histopathologic findings are similar for all etiologies.

® There are three overlapping stages. The initial exudative stage begins as a diffuse vascular
leak syndrome with infiltration of erythrocytes, neutrophils, and macrophages and effu-
sion of protein-rich fluid into the alveoli, resulting in progressive pulmonary edema and
hemorrhage.

® Chemotaxis results in accumulation of inflammatory cells, particularly neutrophils, con-
tributing to ongoing lung injury.

= Surfactant synthesis is impaired and hyaline membranes form within alveoli (organization
of protein-rich fluid and cellular debris), resulting in collapse and atelectasis of alveoli.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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The proliferative phase follows, with proliferation of type II pneumocytes.
The fibrotic phase is characterized by interstitial fibrosis as the lung attempts to repair the
damaged tissue, with inflammatory changes varying in severity and often unevenly dis-
tributed in the lung.

® In more severely affected animals, the inflammation is severe and leads to severe hypoxia
and death of the patient.

Systems Affected

® Respiratory

® Cardiovascular

= Hemic/lymphatic/immune
® Renal/urologic

-F' SIGNALMENT/HISTORY

Risk Factors/Causes

® Multiple etiologies; it may occur secondary to direct lung injury or systemic inflammation.
m Occasionally, predisposing factors cannot be identified.
= No breed, age, or sex predispositions.

Systemic Disorders

SIRS

Sepsis

Shock

Organ torsion (gastric, splenic)

Canine parvoviral enteritis

Pancreatitis

Severe trauma

Massive transfusions (reported in humans)
Drugs and toxins

Primary Respiratory Disorders

Aspiration or bacterial pneumonia

Pulmonary contusions

Smoke inhalation

Noncardiogenic pulmonary edema secondary to strangulation, choking, or seizures
Lung lobe torsion

Near drowning
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Historical Findings

Most commonly occurs in patients in the intensive care unit with other underlying dis-
eases, but may affect other patients, causing presentation with an acute history of severe
respiratory distress (increased respiratory rate and effort).

Earliest signs often include severe respiratory distress and hypoxia.

Usually no history of coughing, but occasionally low-grade productive cough.

Gas exchange may be severely impaired.

Signs may develop within hours or up to 4 days after inciting event.

Q CLINICAL FEATURES

Severe respiratory distress, cyanosis.

Auscultation — harsh lung sounds can rapidly progress to crackles.

Dogs may cough up pink foam.

If intubated, sanguineous fluid may drain out of the endotracheal tube in both dogs and cats.
Often are tachycardic from poor oxygen delivery to tissues secondary to severe hypoxemia.
Pulmonary edema in an animal with a predisposing cause of inflammatory response with-
out evidence of heart failure.

Evidence of other underlying or systemic disease may be present.

Y DIFFERENTIAL DIAGNOSIS

Cardiogenic pulmonary edema
Volume overload

Pulmonary thromboembolism
Bacterial pneumonia
Atelectasis

Pulmonary hemorrhage
Neoplasia

E DIAGNOSTICS

Clinical Criteria

Acute onset of respiratory distress (<72 hours).

Presence of one or more known risk factors.

Inefficient gas exchange.

Evidence of pulmonary capillary leak without increased pulmonary capillary pressure.
+ Evidence of pulmonary inflammation.
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Thoracic Radiographs

® Farly ALI - often have increased pulmonary interstitial and peribronchial markings.

®m As ALI progresses to ARDS, diffuse bilateral pulmonary alveolar infiltrates develop
throughout all lung fields, may be asymmetrical or patchy, and ventral lung lobes may be
most severely affected (Fig. 2.1).

M Fig. 2.1. Radiographs of a 6-year-old FS MIXB that presented with increased respiratory rate and effort. She was
anesthetized for diagnostic testing, including these thoracic radiographs, which show a diffuse patchy alveolar pattern
consistent with acute respiratory distress syndrome. Her oxygenation status continued to decline despite positive pres-
sure ventilation, so she was euthanized. On necropsy, a diagnosis of severe subacute to chronic interstitial pneumonia
with acute respiratory distress syndrome was made. Reprinted with permission from The Veterinary ICU Book, Teton
NewMedia.
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Small volume of pleural effusion may or may not be present.
Heart and blood vessel size should be normal; otherwise left-sided congestive heart failure
may be present rather than ARDS.

Arterial Blood Gases

Arterial blood gas — severe hypoxia and usually hypocarbia as hypoxia begins to drive
respiration and results in hyperventilation. If end-stage lung disease or respiratory muscle
fatigue occurs, may see hypercarbia. Lactic acidosis may be present due to poor oxygen
delivery and anaerobic tissue metabolism.

PaO,:FiO, ratios are also significantly low (reference range ~430-560 mmHg). Typically,
PaO,:FiO, ratio <300 is consistent with ALI, whereas PaO,:FiO, ratio <200 is consistent
with ARDS.

Complete Blood Count/Biochemical/Coagulation

Leukopenia may be present due to sequestration of white blood cells in periphery and in
lungs.

® Thrombocytopenia may be present due to platelet sequestration or consumption.
m Consumptive coagulopathy may be manifested by prolonged coagulation times and ele-

vated fibrin degradation products or D-dimers.
Chemistry panel usually has nonspecific changes, but hypoalbuminemia may occur due to
underlying disease and exudative protein loss into the pulmonary edema fluid.

Additional Diagnostics

Elevation of CVP or pulmonary capillary wedge pressure (>18 mmHg) may suggest con-
gestive heart failure or fluid overload, not ALI or ARDS.

® Pulmonary function testing — poor lung compliance.
m Extremely high mean and peak airway pressures needed for PPV.
= Pulmonary hypertension may occur in severely affected patients due to obliteration of the

pulmonary capillary bed.

Pathologic Findings

Gross examination — heavy, stiff lungs.

Histology — diffuse alveolar damage, presence of hyaline membranes, congestion, edema,
neutrophil infiltration, hemorrhage, local thrombosis, and atelectasis. This is followed by
type II pneumocyte proliferation (replacing dead type I pneumocytes), proliferation of
fibroblasts, then finally collagen deposition in the alveolar, vascular, and interstitial beds
(Fig. 2.2).
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M Fig. 2.2. Histopathology (20x) of the lung of a dog with acute respiratory distress syndrome, diagnosed on post-
mortem examination. The capillaries are dilated and filled with red blood cells and the alveoli contain a mixture of
red cells, neutrophils, macrophages, and strands of fibrin. Courtesy of Dr Tom van Winkle, Laboratory of Pathology,
University of Pennsylvania. Reprinted with permission from The Veterinary ICU Book, Teton NewMedia.

') THERAPEUTICS
® Oxygen supplementation — animals with mild ALI may respond to oxygen supplemen-

tation alone, but severe ARDS patients usually require PPV to achieve adequate gas
exchange.

Address the underlying cause of SIRS or primary lung injury to remove source of ongoing
injury/prevent repeat injury, if possible.

Carefully evaluate fluid therapy to prevent fluid overload and worsened pulmonary dys-
function. Measurement of CVP or pulmonary capillary wedge pressure to aid in fluid
therapy to prevent overhydration but maintain euvolemia.

If volume overload is present, judicious administration of diuretics such as furosemide.
Colloid support if hypoproteinemic. Can include fresh frozen plasma (provides coagula-
tion factors and acute phase proteins in addition to albumin), synthetic colloids, and 25%
human albumin solutions.

PPV with PEEP recruits alveoli and increases functional residual capacity, allowing
ventilation at lower FiO, and preventing cyclical alveolar reopening and stretching
with each breath. FiO, should be <0.6 to prevent oxygen toxicity and tidal volumes
should be as low as possible (ideally 6-8 mL/kg) to prevent overdistension of rela-
tively normal alveoli, shear stress, and progression of lung injury. Excessively high
airway pressures (>30cmH,0) can cause worsening of lung permeability and also
produce pneumothorax.
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Drugs of Choice

® Many treatments have been evaluated experimentally in animal models and clinically in
humans with ARDS. These include corticosteroids, albumin solutions, nitric oxide, exog-
enous surfactant, beta-2 agonists, furosemide, N-acetylcysteine, pentoxifylline, and a vari-
ety of cyclooxygenase, thromboxane, and leukotriene inhibitors. Although some appeared
promising in canine and feline models of ARDS, none has been shown to have an effect on
morbidity or mortality in human clinical trials.
Early antibiotics if appropriate for underlying disease.
Diuretics if volume overload or cardiac disease is suspected, but will not be beneficial if
pulmonary edema is due to ALI or ARDS alone. Careful if patient is hypovolemic; may
worsen cardiovascular status.

m Supportive measures as required by patient: fluid therapy, pressors if indicated, and anes-
thesia to allow for PPV.

COMMENTS

Patient Monitoring

® Patients require intensive care monitoring with frequent arterial blood gas analysis, pulse
oximetry, arterial blood pressure, urine output, temperature, ECG, thoracic radiographs,
CBC, chemistry, and coagulation monitoring.

Prevention/Avoidance

m Aggressive therapy of underlying disease processes, treating any cardiovascular compro-
mise.

® Prevention of aspiration pneumonia through careful use of analgesics and sedation and
appropriate nursing care,

Possible Complications

m Respiratory failure and death.
® Progressive multiple organ dysfunction and failure (DIC, renal, gastrointestinal, and
hepatic).

Expected Course and Prognosis

® Humans with ARDS have a mortality rate of 36—44% and often require mechanical ventila-
tion for 4-6 weeks. Survival rates seem to be improving over the last 20 years, likely due
to the use of protective lung ventilation and improved supportive care.

® Mortality in dogs and cats is even higher, and a grave prognosis should be given.



16 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

Synonyms

® Shock lung

® Traumatic wet lung

= Adult hyaline membrane disease
m Capillary leak syndrome

Abbreviations

ALL  acute lung injury

ARDS: acute respiratory distress syndrome

CBC: complete blood count

CVP:  central venous pressure

DIC: disseminated intravascular coagulation
ECG: electrocardiogram

PEEP: positive end-expiratory pressure

PPV:  positive pressure ventilation

SIRS:  systemic inflammatory response syndrome
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Anterior Uveitis

] DEFINITION/OVERVIEW

m Upveitis is a general term for inflammation in any portion of the uveal tract, regardless of
cause.

® The uveal tract is the highly vascular middle coat of the eye consisting of the iris, ciliary
body, and choroid.
Anterior uveitis is inflammation of the iris and ciliary body.
Posterior uveitis is inflammation of the choroid, usually with concurrent inflammation of
the retina (chorioretinitis) due to the close proximity of the two structures.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Intraocular inflammation is initiated by local tissue injury (e.g., trauma, infectious agent,
immune mediated, neoplasia).
Bilateral anterior uveitis often indicates an underlying systemic disease process.
Damaged tissue and microorganisms release tissue factors and inflammatory mediators
that cause vasodilation and increased vascular permeability.

® The result is disruption of the blood-eye barrier, aqueous flare (increased protein in the
anterior chamber), and inflammatory cell migration into the anterior chamber and ante-
rior uveal tissue.

m Upveitis can be caused by trauma, can be secondary to cornea, lens or scleral disease, or can
be caused by systemic or primary intraocular disease.

Dogs

m Systemic infectious causes — mycotic (blastomycosis, histoplasmosis, coccidioidomyco-
sis, cryptococcosis); algal (protothecosis); rickettsial (Ehrlichia spp., Rickettsia rickettsii);
bacterial (brucellosis, borreliosis, any bacterial septicemia); protozoal (Toxoplasma gondii,

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Leishmania); viral (infectious canine hepatitis); aberrant parasite migration (fly larvae,
nematode larvae).
* German shepherd dogs are predisposed to disseminated saprophytic fungal infection
(Aspergillus spp., Candida spp., Penicillium spp., Paecilomyces spp.).

® Immune-mediated/presumed immune-mediated causes — exposure to lens proteins (cata-
ract or lens capsule rupture); uveodermatologic syndrome; idiopathic; uveitis associated
with uveal cysts; CAV-1 and CAV-2 vaccine reaction; scleritis.

® Neoplastic causes — primary intraocular or metastatic to eye.

e Lymphosarcoma most commonly diagnosed.

Metabolic causes — hyperlipidemia.
Miscellaneous causes — systemic hypertension; hyperviscosity syndrome; lens luxation.
Most often a cause for uveitis cannot be identified and a diagnosis of idiopathic
is made.

Cats

m Systemic infectious causes — viral (FelV, FIV, FIP, possibly FHV-1); protozoan (Toxo-
plasma gondii, Leishmania); bacterial (Bartonella spp., any cause of septicemia), fungal
(blastomycosis, histoplasmosis, coccidioidomycosis, cryptococcosis).

® Immune-mediated/presumed immune-mediated causes — exposure to lens proteins (cata-
ract or lens rupture); idiopathic.

® Neoplastic causes — primary intraocular or metastatic to eye.

Systems Affected

= Ophthalmic
sy
i-' | SIGNALMENT/HISTORY
®  Anterior uveitis can occur in any dog or cat regardless of age, breed, or sex.
m Since there are many causes for anterior uveitis, the signalment and history of the

patient will vary and should be used as a tool to guide the clinician towards a diagnos-
tic plan.

Historical Findings

Red (scleral injection) or cloudy (corneal edema, aqueous flare) eye of variable duration.
Ocular pain (squinting, tearing, rubbing eye).

Decreased vision.

Previous trauma may indicate traumatic uveitis.

Weight loss, lethargy, or decreased appetite may indicate a systemic cause.

Bilateral uveitis supports systemic disease as the cause.
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Q CLINICAL FEATURES

Injection of conjunctival and scleral vessels.

Aqueous flare — may be subtle and difficult to detect or severe, causing anterior chamber

to appear cloudy.

Corneal edema — may be subtle or severe.

Inflammatory cells may or may not be detected as hypopyon (white cells settled out in

AC) or keratic precipitates (white cells deposited on the corneal endothelium; Fig. 3.1).

Fibrin or blood clots in AC.

Miosis is seen primarily when acute, pupil is often midrange.

Iris swelling and vessel dilation — most obvious in light-colored eyes (Fig. 3.2).

Posterior synechia (adhesion of iris to lens capsule) — causes abnormal pupil shape, seen

in chronic cases and may be minimal or extensive (Fig. 3.3).

® Iris bombé — accumulation of aqueous humor behind the iris causing it to billow forward,
due to extensive posterior synechia preventing AH from entering the anterior chamber
through the pupil.

® Decreased intraocular pressure unless aqueous humor outflow is obstructed; IOP can then
be in normal range or elevated.

m If systemic disease is the cause of uveitis, related clinical signs may be detected.

(SZ DIFFERENTIAL DIAGNOSIS

® Conjunctivitis — injection of conjunctival vessels only, ocular discharge, no intraocu-
lar changes that are associated with anterior uveitis, normal IOP, pain usually mild and
relieved with topical anesthetic.

M Fig. 3.1. Dog with chronic anterior uveitis, indicated by the extensive corneal neovascularization. The corneal
endothelium has numerous keratic precipitates, causing the intraocular structures to be partially obscured.
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M Fig. 3.2. Cat with anterior uveitis. The pupil is misshapen (dyscoria) due to extensive posterior synechia. A fibrin
clot is in the central pupil and pigment from the posterior iris pigmented epithelium has been deposited onto the lens
capsule.

M Fig. 3.3. Cat with anterior uveitis. A small fibrin clot is partially overlying the pupil and iris ventrally. The iris is thick-
ened and the iris vessels are injected. The circle in the dorsal pupil is a reflection.
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Episcleritis/scleritis — conjunctival and scleral vessel injection, perilimbal corneal edema,
sclera may be thickened, IOP and intraocular exam generally normal unless inflammation
has extended to the uveal tract causing anterior uveitis.

Glaucoma — elevated IOP, dilated pupil common, globe may be enlarged (buphthalmos)
and cornea may have stria (streaks of corneal edema caused by breaks in Descemet’s
membrane).

Any condition that causes injection of the conjunctival or scleral vessels (e.g., keratitis,
Horner’s syndrome).

E DIAGNOSTICS

Ocular examination including corneal fluorescein staining and intraocular pressure
measurement.

Systemic disease — general physical examination, CBC, serum chemistries, urinalysis. Fur-
ther testing (serology, microbiology, imaging studies) is done based on the results of PE
and initial lab work.

Ocular ultrasound is indicated when primary ocular disease is suspected or identified and
intraocular exam is not possible due to opacification of the cornea or lens.

Examination of aqueous or vitreous humor may be required for diagnosis; ocular fluids can
be used for cytology, culture and sensitivity, polymerase chain reaction, and antibody content.

Pathologic Findings

Cornea — edema; neovascularization (if chronic); keratic precipitates (aggregates of WBCs
on corneal endothelium).

Anterior chamber — RBCs, WBCs, fibrin.

Iris — WBC infiltration (cell type dependent on etiology); adhesions of iris to lens (pos-
terior synechia); adhesions of iris to cornea (anterior synechia); preiridal fibrovascular
membrane (if chronic).

Ciliary body — WBC infiltration similar to iris.

Lens — pigment migration onto capsule; posterior synechia; cataract (if chronic).

O THERAPEUTICS

Treatment goals for anterior uveitis:
 Specific therapy for identified cause (treat corneal ulcer, infectious disease, neopla-
sia, luxated lens, etc.)
» Nonspecific therapy for all cases of anterior uveitis — stop inflammation, prevent or
control complications caused by inflammation (e.g., posterior synechia, glaucoma),
and relieve pain.
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Drugs of Choice

®  Glucocorticoids.
» Topical.

O
O
]
O
O

Prednisolone acetate 1% suspension q1-12 hours
Dexamethasone 0.1% solution, 0.05% ointment q1-12 hours
Frequency depends on severity of inflammation

Taper medication as inflammation resolves

Contraindicated if corneal ulceration present

* Subconjunctival injection.

O

O o0ooo

O

Methylprednisolone acetate 4 mg/eye. Associated with development of subcon-
junctival plaque formation that could require surgical removal

Betamethasone 0.75 mg/eye

Triamcinolone 4 mg/eye

Rarely used to treat anterior uveitis

Used as a one-time injection in severe cases followed by topical therapy

Do not use in cats due to potential of concurrent FHV-1 infection

e Systemic.

]
O
O
O

Prednisolone 0.5-2.2mg/kg PO q12-24 hours.

Higher dosages for initial therapy of severe inflammation

Only used when systemic infectious causes have been ruled out
Taper medication as inflammation resolves

= Nonsteroidal antiinflammatory drugs.
* Topical solutions.

O

O o0oooao

Diclofenac 0.1% q6-12 hours

Flurbiprofen 0.03% q6—-12 hours

Suprofen 1% q6-12 hours

Ketorolac 0.5% q6—12 hours

Frequency depends on severity of inflammation

Close monitoring required when corneal ulceration present due to link between
topical NSAIDs and collagenolysis

e Systemic.

O
O
O

O
O

Aspirin 10mg/kg q12 hours (dog); 10-20mg/kg q48-72 hours (cat) PO
Ketoprofen <2 mg/kg PO once, <1 mg/kg q24 hours (dog,cat)

Meloxicam 0.2mg/kg PO initially, followed by 0.1 mg/kg PO (in food) once
daily (dog); 0.2mg/kg PO initially, followed by 0.1 mg/kg PO (in food) q24
hours x 2 days, then 0.25 mg/kg 2-3 times/week

Carprofen 2.2 mg/kg PO q12-24 hours (dog)

Deracoxib 1-2mg/kg PO q24 hours or 3—4mg/kg PO q24 hours (not to exceed
7 days at this dose)

® Topical mydriatic/cycloplegic.
» Atropine sulfate 1% solution and ointment: q8-24 hours
 Dilates pupil to prevent posterior synechia
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* Relieves ciliary muscle spasm to decrease pain
* Frequency of administration depends on severity of inflammation
* Should be used judiciously to effect

Precautions/Interactions

Topical and subconjunctival glucocorticoids are contraindicated in the presence of a cor-
neal ulcer.

Glucocorticoids used for subconjunctival injection are in a slow-release vehicle; effects
last up to 3 weeks.

Methylprednisolone acetate may result in a subconjunctival inflammatory plaque that
causes discomfort.

Topical atropine can significantly reduce tear production.

Continuous dilation of the pupil with atropine may obstruct aqueous humor outflow and
contribute to development of secondary glaucoma.

Use of systemic NSAIDs in cats has been associated with potentially serious side effects.
Avoid treating with drugs that constrict the pupil (pilocarpine, latanoprost, demacarium
bromide).

COMMENTS

Client Education

The use of topical steroids is contraindicated if a corneal ulcer develops. Prevent self-
trauma with a protective collar if necessary.

Frequent follow-up examinations are essential if inflammation is moderate to severe since
secondary glaucoma is common.

Further client education based on identified underlying cause.

Patient Monitoring

Recheck in 1-7 days depending on severity.

Monitor IOP — IOP will increase with decreased inflammation; if IOP increases with static
or worsening inflammation, this indicates aqueous outflow obstruction and impending
glaucoma.

Frequency of subsequent rechecks is dependent upon response to therapy.

Prevention/Avoidance

Inadequate control of inflammation due to undertreating or discontinuing antiinflamma-
tory too soon may lead to recurrent or chronic uveitis.

Whenever possible, the cause of uveitis should be identified and eliminated to prevent
recurrence.



24 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

Possible Complications

Posterior synechia causing abnormal pupil shape (dyscoria).

Secondary glaucoma is common so frequent IOP measurement is important.
Secondary cataract formation.

Retinal detachment.

Lens luxation.

Systemic complications are dependent on underlying systemic disease.

Expected Course and Prognosis

® Ocular outcome varies depending on severity of and ability to control inflammation and
secondary glaucoma (if present).
® Systemic outcome varies depending on disease process.

Synonyms

® Iridocyclitis
® [ritis
Abbreviations

AC: anterior chamber

AH: aqueous humor

CBC: complete blood count
FHV: feline herpesvirus

FIP: feline infectious peritonitis

FIV: feline immunodeficiency virus

IOP: intraocular pressure

NSAID: nonsteroidal antiinflammatory drug
PE: physical examination

PO: per os

RBC:  red blood cell
WBC: white blood cell
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Anticoagulant

Rodenticide Toxicity

DEFINITION/OVERVIEW

® Anticoagulant rodenticide ingestion produces an acquired coagulopathy, secondary to
a depletion of vitamin K and subsequent deficiency in functional vitamin K-dependent
coagulation factors.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Vitamin K, a fat-soluble vitamin, is a crucial cofactor for hepatic posttranslational carbox-
ylation of coagulation factors II, VII, IX, and X (and PC and protein S) (Fig. 4.1).

® Anticoagulant rodenticide ingestion inhibits normal enzymatic function of hepatic
vitamin K, epoxide reductase, thereby preventing the recycling of the vitamin K, metabolite,
vitamin K| epoxide, back to its functional form (Fig. 4.2).

= Once the hepatic vitamin K, stores are depleted, the production of functional vitamin
K-dependent coagulation proteins ceases, causing the formation of PIVKAs.

® PIVKAs are incapable of chelating calcium, and are therefore unable to successfully par-
take in secondary hemostasis (soluble factor coagulation cascade).

Functional vitamin
K-dependent
coagulation proteins

Active vitamin K, Vitamin K, epoxide

Vitamin K4 epoxide reductase

Precursor Carboxylation

proteins

M Fig. 4.1. Normal coagulation factor synthesis.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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PIVKAS and insufficient
functional vitamin K-dependent
coagulation proteins

Active vitamin K, Vitamin K; epoxide

reductase

Precursor Carboxylation
proteins

M Fig. 4.2. PIVKA formation in the presence of an anticoagulant rodenticide.

Systems Affected

Cardiovascular: hemopericardium

Gastrointestinal: sublingual hemorrhage or hemoabdomen

Hemic/lymphatic/immune: active coagulation factor deficiency, anemia, hypoproteinemia
Musculoskeletal: hemarthrosis

Nervous: intracranial or intrathecal hemorrhage

Respiratory: orolaryngeal hemorrhage with upper airway obstruction, peritracheal hema-
toma, hemothorax, and pulmonary parenchymal hemorrhage

Skin/exocrine: SQ hemorrhage

Ophthalmic: scleral or retrobulbar hemorrhage

Fl SIGNALMENT/HISTORY

No specific signalment, although intact animals may be more likely to roam and be acci-
dentally or maliciously exposed to the toxins.

Risk Factors

The presence of vitamin K antagonist rodenticides in the immediate environment.

Historical Findings

May reveal possible exposure to, or ingestion of, anticoagulant rodenticides.

Rarely, ingestion of an animal that consumed anticoagulant rodenticide (relay toxicosis).
Vomit with green or turquoise granules in it.

Lethargy.

Anorexia.

Cough, respiratory difficulty or hemorrhage/hemoptysis.
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Q CLINICAL FEATURES

Clinical features are similar for dogs and cats.

Clinically asymptomatic if ingestion occurred <48 hours previously.

Clinical signs associated with deep tissue hemorrhage (hemoptysis, hemothorax, hemoab-
domen, hemarthrosis, intracranial, perispinal, pericardial, exophthalmia, sublingual or
subcutaneous hemorrhage) most frequently develop 3-6 days following consumption.

In the acutely bleeding patient, hypoproteinemia will generally develop prior to anemia;
anemia may develop simultaneously or before hypoproteinemia in the face of slow and
sustained hemorrhage.

(.y DIFFERENTIAL DIAGNOSIS

Similar in dogs and cats, with the exception of variations in inherited coagulation factor
deficiencies.

Hepatic failure.

Disseminated intravascular coagulation.

Dilutional coagulopathy.

Congenital factor deficiency.

Massive heparin overdose.

Spurious results (underfilling tube, polycythemia, delay in performing assay).

Absolute vitamin K deficiency (malnourished patients receiving broad-spectrum antibi-
otic therapy, posthepatic biliary obstruction, or exocrine pancreatic insufficiency or intes-
tinal malabsorption).

Abnormal gamma-glutamyl carboxylase enzyme (Devon rex).

E DIAGNOSTICS

Diagnosis is often made with a history, clinical presentation, and/or coagulation profile
that support the diagnosis, all in the face of a rapid response to vitamin K| therapy.

Following ingestion, an anticoagulant effect is initially manifested as a prolonged PIVKA test
(12-24 hours), then followed by a prolonged PT (24-48 hours); this initial anticoagulant
effect is due solely to factor VII deficiency, which has the shortest half-life (generally 6 hours).

® Prolongation of the aPTT follows, after an additional 24—48 hours (48-96 hours post ingestion).
= Prolongation of the ACT is the last coagulation test to be abnormal, due to its lack of sen-

sitivity to coagulation factor deficiency.

A patient with spontaneous, active hemorrhage will have prolongation of PT, aPTT, ACT,
and PIVKA test.

Rarely is analysis of plasma or hepatic tissue needed to confirm the presence of com-
patible toxin.

Point-of-care test kit available for detecting warfarin in blood of clinical patients.
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Pathologic Findings

Presence of nonclotting blood found on aspiration of body cavity or swelling.
Hemorrhage in the airways; uncommonly hemorrhage from mucosal surfaces.

0 THERAPEUTICS

Treatment depends on timing of ingestion and the urgency of the clinical presentation.

Drugs of Choice

Emesis induced if ingestion occurred within previous 2 hours (granules) or up to 8 hours
(bar form).

Activated charcoal administration ideal if ingestion occurred within previous 2 hours;
however, this may delay efficacy of orally administered vitamin K.

Vitamin K, 2.5-5.0mg/kg/day PO for up to 6 weeks (dependent on agent ingested) is
indicated for all patients with confirmed or even suspected ingestion; oral administration
is generally more rapidly effective (<12 hours) than SQ (12-24 hours) and safer than IV
(risk of anaphylaxis).

Vitamin K| therapy alone is usually sufficient to reverse the anticoagulant effect in patients
with elevated PIVKAs and/or prolonged PT, in the absence of hemorrhage.

In more urgent cases (i.e., presence of hemorrhage), plasma (fresh frozen or frozen)
10-15ml/kg and/or whole blood (fresh or stored) up to 20mL/kg are administered, con-
currently with vitamin K, to promptly (although temporarily) reverse anticoagulation.
Cautious 1V fluid administration to reverse shock, while minimizing exacerbation of fur-
ther hemorrhage with unnecessary or excessive increases in blood pressure.

Oxygen therapy if hypoxemia is present or in an attempt to ease respiratory distress; avoid
nasal oxygen cannulation due to risk of inducing hemorrhage.

Precautions/Interactions

Orally administered vitamin K, may be insufficiently absorbed if concomitant intestinal
malabsorption or extrahepatic biliary obstruction is present, while hepatic dysfunction
tempers the response to vitamin K, therapy.

Allergic reactions may occur with SQ vitamin K| therapy, while anaphylaxis is a concern
with IV administration.

® Vitamin K, administered IM may result in hematoma formation and is preferably avoided.
= Small-gauge needles should be used for SQ administration of vitamin K, (or any other

parenteral medications), in several different sites to expedite absorption.
Gastroenteric lavage is not indicated due to rapidly reversible nature of toxicity.

Diet

Administration of oral vitamin K with a high-fat meal (i.e., canned food) improves
bioavailability.
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Activity

With complicated toxicity, activity should be limited to avoid exacerbation of hemorrhage.

Surgical Considerations

Thoracentesis may be indicated if the development of a hemothorax is sufficiently com-
promising respiration.

Pericardiocentesis is indicated if tamponade is present.

Preferably avoid unnecessary procedures until coagulation ability has normalized.

COMMENTS

Client Education

Early in the course of therapy, provide extra bedding to prevent pressure-induced
hemorrhage and avoid restraint with a collar to limit risk of ocular or intracranial
hemorrhage.

Herbal supplements, notably garlic, gingko, and ginseng, may exacerbate hemorrhagic
tendencies.

Concomitant vitamin E supplementation interferes with vitamin K-dependent coagulation.
Toxins may be excreted in the milk of lactating patients.

Patient Monitoring

For uncomplicated and complicated toxicity, monitor PT 48 and 96 hours after discon-
tinuation of vitamin K, therapy to prove therapy has been administered for a sufficient
duration; if prolonged, reinstitute vitamin K, therapy for 1-3 more weeks and repeat PT
as previously instructed.

For complicated toxicity, monitor parameters useful in detecting intravascular volume
deficits from hemorrhage (tachycardia, pale mucous membranes, increase in respira-
tory rate, hypotension, PCV/TS, lactate, evidence of pleural space disease, etc.), as
indicated.

Prevention/Avoidance

Do not allow further access to toxin.

Preferably avoid elective, invasive procedures until coagulation deficits have normalized.
Nursing puppies or kittens should be changed to hand rearing and possibly supplemented
with vitamin K| therapy.

Possible Complications

Fatal hemorrhage — secondary to site (intracranial, myocardial, pericardial, intrapulmo-
nary) or volume (massive).
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Expected Course and Prognosis

® In the absence of fatal hemorrhage, early and aggressive therapy should provide complete
recovery with rapid cessation of hemorrhage and eventually normalization of coagulation
tests (PT, aPTT, and ACT).

Abbreviations

ACT:  activated clotting time
aPTT:  activated partial thromboplastin time

DIC: disseminated intravascular coagulation
IM: intramuscular
Iv: intravenous

PCV/TS: packed cell volume/total solids
PIVKA: proteins induced by vitamin K antagonists or absence

PO: per os
PT: prothrombin time
SQ: subcutaneous
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Arterial Thromboembolism

] DEFINITION/OVERVIEW

® ATE results from a thrombus or blood clot that is dislodged within the aorta, causing
severe ischemia to the tissues served by that segment of aorta. It is one of the most devas-
tating complications associated with myocardial diseases in cats.

(3 ETIOLOGY/PATHOPHYSIOLOGY

m ATE is most commonly associated with myocardial disease in cats, including hypertro-
phic, restrictive, and dilated cardiomyopathy.

® Although the exact etiology of ATE has not been determined, it is theorized that abnor-
mal blood flow (stasis) and a hypercoagulable state contribute to the formation of the
thrombus within the left atrium. The blood clot is then embolized distally to the aorta.

® The most common site of embolization is the caudal aortic trifurcation, causing ischemic
injury to both hind legs (Fig. 5.1).

M Fig. 5.1. Clotin the hindlimb of a cat after arterial thromboembolism. Note the extensor rigidity of the affected limb.
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M Fig. 5.2. Clot in the forelimb of a cat with arterial thromboembolism. Note the conscious proprioceptive deficits.

® Other less common sites include the front leg (Fig. 5.2), kidneys, gastrointestinal tract,
or cerebrum.

® Although ATE is a well-recognized complication of myocardial disease in cats, the exact
prevalence of ATE is not known in the general population of cats. In one study of cats with
hypertrophic cardiomyopathy, approximately 17% presented with signs of ATE.

m Although >95% of ATE cases in cats are associated with advanced feline heart disease,
another associated condition is neoplasia, typically pulmonary carcinoma.

m ATE rarely occurs in dogs. ATE in dogs typically is associated with neoplasia, sepsis, Cush-
ing’s disease, protein-losing nephropathy, or other hypercoagulable states. Severe heart
disease is not often associated with ATE in the dog.

Systems Affected

® Cardiovascular: the majority of affected cats have advanced heart disease and experience
left-sided heart failure.

® Nervous/musculoskeletal: severe ischemia to the muscles and nerves served by the seg-
ment of occluded aorta causes variable pain and paresis. Gait abnormalities or paralysis
results in the leg or legs involved.

H SIGNALMENT/HISTORY

m Typically middle-aged to older male mixed breed cat.
® Median age is typically 7-10 years (range 1-20 years).
® Males are more commonly affected than females (2:1).
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The most common breed affected is the mixed breed cat. However, certain breeds have
been overrepresented, such as Ragdolls, typically mirroring breeds that are prone to car-
diomyopathies.

Risk Factors/Causes

Although clear risk factors have not been defined, it is theorized that an enlarged left
atrium or spontaneous echo contrast of the red blood cells or “smoke” observed on an
echocardiographic examination may be risk factors.

Historical Findings

Acute onset paralysis/paresis and pain are the most common owner complaints.
Lameness or other gait abnormality may be seen.

Tachypnea or respiratory distress is common.

Vocalization and anxiety are common.

Q CLINICAL FEATURES

Usually paraparesis or paralysis of the rear legs. Typically, both rear legs are affected
equally but occasionally one leg is worse than the other. Less commonly, monoparesis of
a front leg.

Pain upon palpation of the affected legs. Gastrocnemius muscle often becomes firm sev-
eral hours after embolization.

Absent or diminished femoral pulses.

Cyanotic or pale nail beds and footpads (Fig. 5.3).

Affected limbs will be cooler than unaffected limbs upon palpation.

Cardiac murmur or gallop sound may or may not be present. Despite the typical presence
of severe heart disease in cats, often times a murmur or gallop may not be heard.
Tachypnea or respiratory distress, sometimes with open mouth breathing, is often present
either due to pain associated with the ischemic leg injury or due to concurrent congestive
heart failure/pulmonary edema.

Cardiac dysrhythmias may also be present. Dysrhythmias are more common during treat-
ment and are often associated with reperfusion injury and hyperkalemia.

Hypothermia is common in cats with ATE and is often associated with poor systemic per-
fusion and worse prognosis.

(y DIFFERENTIAL DIAGNOSIS

Hindlimb paresis secondary to other causes such as spinal neoplasia, trauma, myelitis,
fibrocartilaginous infarction, or intervertebral disk protrusion.
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M Fig. 5.3. Differential cyanosis. Note the cyanotic discoloration of the footpads in the limb affected by the clot.

DIAGNOSTICS

® Typically, the diagnosis of ATE is made by physical exam alone. Many cats are in distress
and empiric treatment is often initiated prior to diagnostic testing. In the cat, further diag-
nostic evaluation is helpful to better evaluate the severity and nature of the associated
cardiac disease as well as systemic effects of the ATE. This information may be helpful for
prognosis and treatment.

= In the dog, diagnostic evaluation is helpful to better understand the associated disease
causing the hypercoagulable state.

Complete Blood Count/Biochemistry Panel/Urinalysis

Common abnormalities include the following.

m Elevated CPK, AST, ALT.

m Stress hyperglycemia.

® Azotemia with elevated BUN and creatinine as a result of possible low effective circulating
volume or renal emboli.

m Electrolyte abnormalities are common (i.e., hyponatremia, hyperkalemia, hypocalcemia,
and hyperphosphatemia) and are likely associated with poor renal perfusion and reperfu-
sion injury.

CBC and urinalysis changes are nonspecific.
In the dog, a protein-to-creatinine ratio is advised if proteinuria is identified.
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Other Laboratory Tests

Routine coagulation profile typically does not reveal significant abnormalities.

In the dog, D-dimers are typically markedly elevated. Low D-dimer concentrations are
sensitive that thromboembolic disease is unlikely.

Baseline coagulation profile may be helpful to titrate heparin and possibly warfarin dosages.
Thyroid hormone should be measured in cats over 7 years of age.

Thoracic Radiography

m Cardiomegaly is common and radiographic signs of congestive heart failure (i.e., pulmo-
nary edema and/or pleural effusion) are seen in approximately 50-66% of cats.

® The presence of a pulmonary mass in the absence of heart disease in a cat with ATE is
concerning for pulmonary carcinoma-associated embolus.

Echocardiography

® The majority of cats will have hypertrophic cardiomyopathy characterized by left ven-
tricular hypertrophy, nondilated left ventricular lumen, and enlarged left atrium.

m Other types of heart disease are also possible, such as unclassified, restrictive, or dilated
cardiomyopathy and thyrotoxic heart disease.

m Regardless of the type of myocardial disease present, the majority (>50%) have severe left
atrial enlargement, (i.e., a left atrial to aortic ratio of 22.0).

m QOccasionally, a left atrial thrombus or spontaneous echo contrast of the red blood cells
(smoke) may be seen (Fig. 5.4).

M Fig. 5.4. Echocardiographic image of an enlarged left atrium that contains a thrombus.
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Abdominal Ultrasonography

® An experienced sonographer may be able to identify the thrombus in the caudal aorta.
However, this imaging modality typically is not necessary to reach a diagnosis, especially
in a cat.

®  Abdominal ultrasound may be more useful in the dog to both identify the thrombus and
look for associated diseases.

Computed Tomography Scan

®  As with abdominal sonography, a multidetector CT scan is not necessary for diagnosis in a
cat but could be helpful in a dog to reach a diagnosis, evaluate the extend of the thrombus,
and look for associated diseases.

Pathologic Findings

® Thrombus typically is identified at the caudal aortic trifurcation.
m QOccasionally, a left atrial thrombus is seen.
= Emboli of the kidneys, gastrointestinal tract, cerebrum, and other organs also may be observed.

THERAPEUTICS

The main objectives of treatment are threefold.

® First, immediate treatment of the pain associated with ischemic injury of the legs, typi-
cally with injectable opioids.

m Treatment directed at resolving the actual thrombus with anticoagulants or possibly
thrombolytic agents.

m Treatment of the cat’s heart disease and possible congestive heart failure.

Drugs of Choice

Pain Management

Once the diagnosis is reached, addressing the pain and distress associated with ATE is an

immediate concern. If possible, intravenous opioid administration is preferred because of its

rapid onset of action, bioavailability, and safety profile.

® In the cat, buprenorphine at 0.005-0.01 mg/kg IV every 6-8 hours as needed is a good
initial choice. Buprenorphine can also be given in the cheek pouch or SQ if intravenous
access is not obtained.

® Fentanyl (2-3 pg/kg intravenous bolus, then 1-5ng /kg per hour IV CRI).

= Hydromorphone (0.025-0.1 mg/kg IV or SQ every 4-6 hours).

® Butorphanol (0.05-0.3mg/kg IV or SQ every 2—-6 hours as needed) has fewer analgesic
effects than buprenorphine but is a good sedative. If no other opioids are available or if the
cat’s pain is assessed as mild, then butorphanol is a reasonable choice.



CHAPTER 5 ARTERIAL THROMBOEMBOLISM 37

m  Cautious use of low-dose acepromazine (0.01 mg/kg IV or SQ every 8-12 hours as needed)
may be helpful for additional sedation and vasodilation. Avoid acepromazine in patients
with hypotension or hypothermia because of concerns about worsening systemic perfusion.

Antithrombotic Management

Cat

® Thrombolytic therapy with drugs such as streptokinase and tissue plasminogen activator
is used extensively in human but is no longer used in cats. These drugs are expensive,
carry a significant risk for bleeding complications, need to be administered within a few
hours of ATE, and have not demonstrated significant therapeutic benefit over conservative
management in veterinary medicine.

® Unfractionated heparin is the preferred drug in most clinical practices. Heparin actually has no
effect on the established clot but it prevents further activation of the coagulation cascade and
allows the body’s endogenous fibrinolytic system to break down the clot. The initial dose typi-
cally is given IV then followed with subcutaneous administrations every 6—8 hours. The initial
intravenous dose is 100-200 units/kg and the subsequent subcutaneous dose is 200-300 units/
kg. Alternatively, an intravenous CRI of heparin at 600 units/kg per day could be used after
the initial bolus. The dose is then ideally titrated to prolong the aPTT approximately twofold.

® In addition to heparin, the concurrent use of an antiplatelet agent is also advised. The two
antiplatelet options are aspirin (5-81 mg PO every 3 days) or clopidogrel (18.75mg (1/4
of a 75mg tablet) PO every 24 hours). Clopidogrel requires 5-7 days to reach therapeutic
concentrations, so concurrent use of aspirin is warranted in the early stage of therapy.

 The higher dose of aspirin may be associated with more gastrointestinal adverse effects.
* The theoretical benefit of clopidogrel is fewer gastrointestinal adverse effects and
possible enhanced efficacy.

® Once signs of clinical improvement are seen, heparin therapy is gradually weaned over

1-2 days and long-term therapy is continued.

Dog
®  Acute antithrombotic management considerations are similar in the dog.
m The dose of heparin in the dog is generally the same as in the cat. The doses of the anti-
platelet agents are different.
 Canine aspirin dose is 0.5-1 mg/kg PO every 24 hours.
* The dose of clopidogrel dose in the dog is approximately 2 mg/kg PO every 24 hours.
A higher loading dose of 10-11 mg/kg could be used on the first day if active clot is
associated with significant ischemia.

Long-Term Therapy

® Recommendations for long-term anticoagulation are variable because no one treatment
modality has shown clear benefit over another.

® Factors involved in deciding which long-term therapy to use include expense, ease of oral
as opposed to subcutaenous administration, need for reevaluation, and monitoring.
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= Commonly used long-term anticoagulant therapies include aspirin, clopidogrel, or a low
molecular weight agent.
® Aspirin (5-81 mg every 3 days) is the least expensive option but carries a higher risk of
gastrointestinal and renal adverse effects.
m Clopidogrel (18.75mg every 24 hours in cats, 2mg/kg PO once daily in dogs) is moder-
ately expensive and is dosed daily but may have enhanced long-term efficacy.
= Low molecular weight heparins have also been used in the long-term management of cats
surviving an ATE.
 Dalteparin (100-200 units/kg SQ every 12—24 hours) or enoxaparin (0.8-1.5mg/kg
SQ q6-12 hours) are two commonly used low molecular weight heparins.
* The disadvantages of these medications are expense, subcutaneous administration,
and controversy over the therapeutically efficacious dose in the cat.

Congestive Heart Failure Management

® Oxygen-rich environment.

® Furosemide (1-4mg/kg as needed, not to exceed 12mg/kg per day) IV or SQ should pro-
vide immediate relief of respiratory distress due to concurrent congestive heart failure.

® Other cardiac therapies such as enalapril, diltiazem, or pimobendan may also be indicated
based on the results of echocardiogram.

Precautions/Interactions

® Anticoagulant therapy with heparin, clopidogrel, or the thrombolytic drugs may cause
severe bleeding complications.

m Reperfusion of severely ischemic legs may be associated with severe hyperkalemia. Hyper-
kalemia and ischemia reperfusion injury are common causes of in-hospital mortality.

® Avoid a nonselective beta-blocker such as propranolol as it may enhance peripheral
vasoconstriction.

Alternative Drugs

® Warfarin, a vitamin K antagonist, is the anticoagulant most widely used in humans and
could be considered in recurrent ATE.

e The initial dose is 0.05-1mg/kg PO every 24 hours. It should be overlapped with
heparin therapy for 3 days. The dose is then adjusted to prolong the PT approxi-
mately two times its baseline value or to attain an INR of 2.0-4.0.

* Warfarin has an unpredictable dose-to-response effect and is highly protein bound. Thus,
frequent monitoring and titration of the dose are required. Warfarin also carries a more
significant risk of bleeding. For this reason, warfarin therapy is no longer commonly used.

Diet

® Initially, most cats are anorexic. Tempt these cats with any type of diet. It is important
to keep these cats eating to avoid hepatic lipidosis. Appetite stimulants are often used.
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Nasoesophageal tube feedings may be indicated if more than 3 days of anorexia. Chronic
dietary management usually involves sodium restriction.

Activity

Activity should be restricted. The cat should be kept quiet, stress free, and indoors only.

Surgical Considerations

Surgical embolectomy typically is not recommended because these patients are high risks
for surgery and anesthesia as a result of their heart disease.

Rheolytic thrombectomy has recently been evaluated in the treatment of feline ATE
with favorable treatment results but is not commonly available even at tertiary referral
centers.

COMMENTS

It should be emphasized that the finding of tachypnea, even open mouth breathing, upon
initial examination should not presume congestive heart failure. Some cats may be tachy-
pneic solely as a result of pain. If the tachypnea persists after appropriate analgesic ther-
apy, or if physical examination (crackles) or radiographic findings are compatible with
pulmonary edema, then furosemide therapy is indicated.

Fluid therapy may be necessary in the initial stages if the cat is not in congestive heart
failure.

Initially, the affected legs should be minimally handled because reperfusion results; in
the long term, physical therapy (passive extension and flexion of the legs) may speed full
recovery.

= No venipuncture should be performed on the affected legs.
® Initially, these cats may have difficulty posturing to urinate and may need to have their

bladders expressed periodically to prevent overdistension of the bladder or urine scald.

Client Education

Owners should be aware of the poor short- and long-term prognosis. Many cats will have
advanced heart disease and are at risk for reembolization. They will require lifelong medi-
cations, reevaluations, and an indoor lifestyle if they survive to discharge.

Typically, most cats that survive an initial episode will recover complete function of the
legs; however, some neurologic or musculoskeletal deficits may persist.

Patient Monitoring

Hourly to daily examination of the legs, femoral pulses, and respiratory rate should be
performed to assess clinical response to therapy.
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Continuous ECG monitoring is helpful to identify hyperkalemia or cardiac arrhythmias/
conduction disturbances associated with severe reperfusion injury.

aPTT can also be monitored once daily to titrate the unfractionated heparin dose.
Periodic evaluation of thoracic radiographs, electrolyte, and renal parameters is also help-
ful in evaluating response to therapy.

Prevention/Avoidance

Because of the high rate of reembolization (25-75%) after surviving an initial episode,
prevention with chronic aspirin, clopidogrel or low molecular weight heparin is strongly
recommended. See earlier in this chapter for doses.

Possible Complications

Death is unfortunately a common outcome due to either progression of disease or com-
plications of therapy.

Bleeding complications may arise with the anticoagulant therapy.

Life-threatening hyperkalemia and arrhythmias due to reperfusion injury are complica-
tions of therapy.

Permanent neurological deficits or muscular abnormalities in the hindlimbs may arise in
some cats (~15%) with severe and prolonged ischemia.

If a cat survives an initial episode of ATE, recurrence of ATE and congestive heart failure
are common.

Expected Course and Prognosis

m Both short-term and long-term prognosis are generally poor. Most cats (>50%) are eutha-
nized or die during their initial ATE event regardless of therapy utilized.

®  Admitting rectal temperature of >99°F fast heart rate, only one limb affected, and pres-
ence of motor function are all associated with better short-term prognosis.

® Concurrent congestive heart failure is associated with a worse long-term prognosis. In one
study, cats with concurrent congestive heart failure had a median survival time of 77 days
versus those without congestive heart failure of 233 days.

m Refractory congestive heart failure or recurrence of ATE are typical terminal issues if a cat
survives an initial ATE event.

m Expected course of recovery is generally days but can be weeks for return of function to
the legs.

® Most cats that survive an initial episode will recover completely but approximately 15%
may suffer permanent neuromuscular deficits or ischemic injuries such as loss of digits
or tip of tail.

Synonyms

® Saddle thrombus
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Abbreviations

ALT: alanine transaminase

aPTT: activated partial thromboplastin time
AST: aspartate aminotransferase
ATE: arterial thromboembolism
BUN: blood urea nitrogen

CBC: complete blood count

CPK: creatine phosphokinase

CRI: constant rate infusion

CT:  computed tomography

ECG: electrocardiogram

INR: international normalized ratio
Iv: intravenous

PO:  peros

PT:  prothrombin time

SQ:  subcutaneous
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Atrial Fibrillation and

Atrial Flutter

] DEFINITION/OVERVIEW

®  Atrial fibrillation — rapid, irregularly irregular supraventricular rhythm.

® Two forms recognized: primary atrial fibrillation, an uncommon disease that occurs mostly
in large dogs with no underlying cardiac disease, and secondary atrial fibrillation, which
occurs in dogs and cats secondary to underlying cardiac disease.

m Atrial flutter is similar to atrial fibrillation, but the atrial rate is generally slower and is
characterized by saw-toothed flutter waves in the baseline of the ECG. The ventricular
response is generally rapid but may be regular or irregular.

Electocardiogram Features

Atrial Flutter

®  Atrial rhythm usually regular; rate approximately 300-400 beats per minute.

m P waves usually discerned as either discrete P waves or a “saw-toothed” baseline.

® Ventricular thythm and rate generally depend on the atrial rate and AV nodal conduction,
but are generally regular or regularly irregular and rapid.

= Conduction pattern to the ventricles is variable — in some cases every other atrial depolar-
ization produces a ventricular depolarization (2:1 conduction ratio), giving a regular ven-
tricular rhythm; other times the conduction pattern appears random, giving an irregular
ventricular rthythm that can mimic atrial fibrillation (Fig. 6.1).

Secondary Atrial Fibrillation

®= No P waves present — baseline may be flat or may have small irregular undulations (“f”
waves); some undulations may look like P waves (Fig. 6.2).

® Ventricular rate high — usually 180-240 beats per minute in dogs and >220 beats per
minute in cats.

m Interval between QRS complexes is irregularly irregular; QRS complexes usually appear
normal.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

Companion website: www.fiveminutevet.com/emergency
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1992, with permission of John Wiley and Sons Inc.

Primary Atrial Fibrillation
® Similar to secondary atrial fibrillation except ventricular rate usually in the normal range.

(3 ETIOLOGY/PATHOPHYSIOLOGY

Risk Factors/Causes

®m Heart disease
®  Chronic valvular disease
® Cardiomyopathy
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Congenital heart disease

Digoxin toxicity

Idiopathic

Ventricular preexcitation (atrial flutter)

Atrial Fibrillation

®  Caused by numerous small reentrant pathways creating a rapid (>500 depolarizations per
minute) and disorganized depolarization pattern in the atria that results in cessation of
atrial contraction.

® Depolarizations continuously bombard the AV nodal tissue, which acts as a filter and does
not allow all depolarizations to conduct to the ventricles.

® Many atrial depolarizations activate only a part of the atria because the rapid rate renders
portions of the atria refractory, and thus they cannot reach the AV junction.

® Other atrial impulses penetrate into the AV junctional tissue but are not robust enough
to penetrate the entire length. Blocked impulses affect the conduction properties of the
AV junctional tissue and alter conduction of subsequent electrical impulses; electrical
impulses are conducted through the AV junction irregularly, producing an irregular ven-
tricular rhythm.

Atrial Flutter

® Probably originates from one site of reentry that moves continuously throughout the atrial
myocardium and frequently and regularly stimulates the AV node. When the atrial rate
becomes sufficiently fast, the refractory period of the AV node exceeds the cycle length
(P to P interval) of the SVT, and some atrial depolarizations are blocked from traversing
the AV node (functional second-degree AV block).

Systems Affected

Cardiovascular

® Loss of atrial contraction may result in decreased stroke volume and cardiac output
depending on heart rate.

® High heart rate may result in deterioration in myocardial function (tachycardia-induced
myocardial failure).

F| SIGNALMENT/HISTORY

Species

= Dogs and cats.

Breed Predilections

® Large- and giant-breed dogs are more prone to primary atrial fibrillation.
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General Comments

m Signs generally relate to the underlying disease process or CHF rather than the arrhythmia
itself, but previously stable animals may decompensate.

® Patients with primary atrial fibrillation are generally asymptomatic but may demonstrate
mild exercise intolerance.

Historical Findings

m Coughing/respiratory difficulty/tachypnea.

m Exercise intolerance.

® Rarely syncope.

® Dogs with primary atrial fibrillation are typically asymptomatic.

Physical Examination Findings

= On auscultation, patients with atrial fibrillation have an erratic heart rthythm that sounds
like “tennis shoes in a dryer” or “jungle drums.”

m First heart sound intensity in atrial fibrillation is variable; second heart sound only heard
on beats with effective ejection, not on every beat.

® Third heart sounds (gallop sounds) may be present.

® Patients with atrial fibrillation have pulse deficits and variable pulse quality.

m Signs of CHF often present (e.g., cough, respiratory distress, cyanosis).

ﬂ DIFFERENTIAL DIAGNOSIS

® Frequent atrial (supraventricular) premature depolarizations
® SVT with AV block
® Multifocal atrial tachycardia (irregular)

R, DIAGNOSTICS

Imaging

m Echocardiography and radiography may characterize type and severity of the underlying
cardiac disease; moderate to severe left atrial enlargement common.

® Typically normal in patients with primary atrial fibrillation, although mild left atrial
enlargement may accompany the hemodynamic alterations imposed by the arrhythmia.

Holter Monitoring

® A baseline 24-hour Holter is recommended to determine if the arrhythmia is chronic or
paroxysmal. If it is chronic, drug therapy is indicated.
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Pathologic Findings

Depend on underlying cause.

o THERAPEUTICS

Drugs of Choice

Digoxin, beta-adrenergic blockers, and calcium channel blockers (diltiazem) are fre-
quently used to slow conduction through the AV node; definition of an adequate heart
rate response varies among clinicians, but in dogs is generally 140-160 beats per minute.
For atrial flutter, therapy is aimed at suppressing the atrial reentry circuit using sotalol,
amiodarone, or procainamide.

Dogs

Digoxin — maintenance oral dose 0.005-0.01 mg/kg PO every 12 hours; to achieve a
therapeutic serum concentration more rapidly, the maintenance dose can be doubled for
the first day. If digoxin is administered alone and the heart rate remains high, check the
digoxin level and adjust the dose to bring the level into the therapeutic range. If the heart
rate remains high, consider adding a calcium channel blocker or a beta-adrenergic blocker.
Diltiazem — initially administered at a dose of 0.5 mg/kg PO every 8 hours, then titrated up
to a maximum of 1.5mg/kg PO every 8 hours or until an adequate response is obtained.

Cats

Diltiazem (1-2.5mg/kg PO every 8 hours) or atenolol (6.25-12.5mg PO every 12-24
hours) are the drugs of choice in most cats.

If the heart rate is not sufficiently slowed with these drugs or if myocardial failure is pres-
ent, digoxin (0.005 mg/kg PO every 24—48 hours) can be added.

Precautions/Interactions

Calcium channel blockers and beta-adrenergic blockers, both negative inotropes, should
be used cautiously in animals with myocardial failure.

Using high-dose oral quinidine for conversion into sinus rhythm carries a risk of quinidine
toxicity (e.g., hypotension, weakness, ataxia, and seizures); administration of diazepam
IV controls seizures; other signs abate within several hours of discontinuing quinidine.
Quinidine raises the digoxin level, generally necessitating a digoxin dose reduction.

Alternative Drugs

Propranolol — initially administered at a dose of 0.1-0.2mg/kg PO every 8 hours, then
titrated upward until an adequate response is obtained. Do not exceed a dose of 0.5 mg/kg
PO every 8 hours. Propranolol is poorly tolerated when used chronically and also affects
beta-2 receptors and is therefore rarely used.
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Diet

® Mild-to-moderate sodium restriction if CHE

Activity

® Restrict activity until tachycardia is controlled.

Appropriate Healthcare

m Patients with fast (secondary) atrial fibrillation are treated medically to slow the ven-
tricular rate. Converting the atrial fibrillation to sinus rhythm would be ideal, but such
attempts in patients with severe underlying heart disease or left atrial enlargement are
generally futile because of a low success rate and high rate of recurrence.

® Consider electrical cardioversion to sinus rhythm for a dog with primary atrial fibrillation
and only mild structural heart disease.

® Patients with primary atrial fibrillation may be converted back to normal sinus rhythm.
The success rate depends on chronicity. Patients which have been in atrial fibrillation for
fewer than 4 months generally have a lower success rate and a higher rate of recurrence.
In these patients, rate control, if necessary, is the recommended treatment.

m Electrical (DC) cardioversion — application of a transthoracic electrical shock at a spe-
cific time in the cardiac cycle; requires special equipment, trained personnel, and general
anesthesia. Using a monophasic defibrillator: start with 4]J/kg; if no conversion occurs,
increase dose by 50] and repeat until a maximum of 360]. Using a biphasic defibrillator:
start with 1-2]J/kg; if no cardioversion occurs, increase dose by 50] and repeat until a
maximum of 360].

® For atrial flutter, conversion to sinus rhythm can be done by drug therapy, electrical car-
dioversion, or rapid atrial pacing (transvenous pacing electrode).

Nursing Care

® As indicated for CHE

COMMENTS

Client Education

® Secondary atrial fibrillation and atrial flutter is usually associated with severe underlying
heart disease; the goal of therapy is to lower heart rate and control clinical signs.
® Sustained conversion to sinus rhythm is unlikely with secondary atrial fibrillation.
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Patient Monitoring

Monitor heart rate and ECG closely.

Because heart rates in the hospital and those measured on the surface ECG may be inaccu-
rate (due to patient anxiety and other environmental factors), Holter monitoring provides
a more accurate means for assessing the need for heart rate control or the efficacy of medi-
cal therapy for heart rate control.

Possible Complications

® Worsening of cardiac function with onset of arrhythmia.

Expected Course and Prognosis

® Secondary atrial fibrillation — associated with severe heart disease, so a guarded-to-poor
prognosis.
® Primary atrial fibrillation with normal ultrasound findings — generally a good prognosis.

Abbreviations

AV:  atrioventricular

CHF: congestive heart failure

DC: direct current

ECG: electrocardiogram

IV: intravenous

PO: peros

SVT: supraventricular tachycardia
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Atrial Standstill

] DEFINITION/OVERVIEW

® ECG rhythm characterized by absence of P waves.
m Condition can be temporary (e.g., associated with hyperkalemia or drug induced),
terminal (e.g., associated with severe hyperkalemia or dying heart), or persistent.

Electrocardiogram Features

Persistent Atrial Standstill (Fig. 7.1)

= P waves absent.

m Heart rate usually slow (<60 beats per minute).

® Rhythm regular with supraventricular type QRS complexes.
® Heart rate does not increase with atropine administration.

Hyperkalemic Atrial Standstill

® Heart rate normal or slow.

® Rhythm regular or irregular.

® QRS complexes tend to be wide and become wider as the potassium level rises; with severe
hyperkalemia (potassium >10mEq/mL), the QRS complexes are replaced by a smooth
biphasic curve.

® Heart rate may increase slightly with atropine.

M Fig. 7.1. Persistent atrial standstill in an English Springer Spaniel. No P waves are present on any of the leads (also
including chest leads and intracardiac electrocardiogram, not shown here). The regular bradycardia is either junctional
in origin, with pathologic involvement of the left bundle branch block (wide positive QRS complexes), or ventricular.
Source: Tilley LP. Essentials of Canine and Feline Electrocardiography, 3rd edn. Baltimore, MD: Williams and Wilkins,
1992, with permission.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion website: www.fiveminutevet.com/emergency
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(3 ETIOLOGY/PATHOPHYSIOLOGY

Persistent Atrial Standstill

m Rare condition caused by an atrial muscular dystrophy; skeletal muscle involvement common.

Hyperkalemic Atrial Standstill

® Generally occurs with serum potassium levels >8.5mEq/L; value influenced by serum
sodium and calcium levels and acid-base status. Patients who are hyperkalemic with
atrial standstill have sinus node function but impulses do not activate atrial myocytes;
thus, the associated rhythm is termed a sinoventricular rthythm. Because the sinus node is
functional, an irregular rhythm may be due to sinus arrhythmia.

Systems Affected

®m  Cardiovascular

-F‘l SIGNALMENT/HISTORY

Species

= Dog and cat.

Breed Predisposition

m Persistent atrial standstill — most common in English springer spaniels; other breeds
occasionally affected.

Mean Age and Range

= Most animals with persistent atrial standstill are young.
®  Animals with hypoadrenocorticism are usually young to middle-aged.
® Any age if associated with uroabdomen or urethral obstruction.

Predominant Sex

® Hypoadrenocorticism more common in females (69%).

Historical Findings

Vary with underlying cause.

Lethargy common; syncope may occut.

Patients with persistent atrial standstill may show signs of CHE

Cats with urinary obstruction may have a history of dysuria or stranguria.
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Q CLINICAL FEATURES

= Vary with underlying cause.

® Bradycardia common.

® Dogs with persistent atrial standstill may have skeletal muscle wasting of the antebrachium
and scapula.

(y DIFFERENTIAL DIAGNOSIS

m Slow atrial fibrillation.
® Sinus bradycardia with small P waves lost in the baseline.

E DIAGNOSTICS

Complete Blood Count/Biochemistry/Urinalysis

Persistent Atrial Standstill
® Normal

Hyperkalemic Atrial Standstill

= Hyperkalemia.

® Hyponatremia and sodium-to-potassium ratio <27 if atrial standstill secondary to hypo-
adrenocorticism.

® Azotemia and hyperphosphatemia with hypoadrenocorticism, renal failure, and rupture
or obstruction of the urinary tract.

Other Laboratory Tests

m Baseline cortisol and/or complete ACTH stimulation test if hypoadrenocorticism sus-
pected; if baseline cortisol is <2pg/dL, perform a complete ACTH stimulation test to
definitively diagnose hypoadrenocorticism.

Imaging

m Echocardiogram and electromyography if persistent atrial standstill suspected; cardio-
megaly and depressed contractility may be seen.

Other Diagnostic Tests

m Skeletal muscle biopsy in animals with persistent atrial standstill.
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Pathologic Findings

Persistent Atrial Standstill

m Greatly enlarged and paper-thin atria; usually biatrial involvement, although one case of
only left atrial involvement has been reported.

m Severe scapular and brachial muscle wasting in some dogs.

m Marked fibrosis, fibroelastosis, chronic mononuclear cell inflammation, and steatosis
throughout the atria and interatrial septum.

THERAPEUTICS

Drugs of Choice

Persistent Atrial Standstill
m Treat with diuretics and ACE inhibitor (e.g., enalapril or benazepril) if CHF develops.

Hyperkalemic Atrial Standstill
® Treat the underlying cause (e.g., oliguric renal failure, hypoadrenocorticism).
m Aggressive fluid therapy with 0.9% saline and possibly sodium bicarbonate or insulin with
dextrose, as will be discussed.
® Can administer sodium bicarbonate to patients with severe hyperkalemia to induce trans-
location of potassium into cells; if blood pH and base deficit cannot be determined, admin-
ister 1-2 mEq/kg slowly IV. To calculate bicarbonate dose more accurately:
* Dogs: 0.3 x body weight (kg) x (21 —patients HCO3)
e Cats: 0.3 x body weight (kg) x (19 —patient’s HCO;)
* Administer half of dose and reevaluate.
® Can administer dextrose and regular insulin to patients with severe hyperkalemia to
induce translocation of potassium into cells (regular insulin, 0.5 U/kg IV with 50% dex-
trose, 1 g/kg IV); dextrose can also be used without insulin; follow insulin and dextrose
administration with 2.5% dextrose as a CRI to prevent hypoglycemia.
®  For patients with life-threatening hyperkalemia, administer calcium gluconate 10% (0.5-1mI/kg
slowly IV over 10 minutes) while monitoring the ECG; calcium antagonizes the effect of
potassium on the conduction system without lowering the potassium concentration.

Precautions/Interactions

® Avoid potassium-containing fluids or medications that increase potassium concentration
in patients who are hyperkalemic.

® Diuretics lower preload and may worsen weakness in dogs with persistent atrial standstill
and CHF unless a pacemaker has been implanted.

Activity

® Restrict activity in patients with persistent atrial standstill and signs of CHF or syncope.
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Surgical Considerations

Persistent Atrial Standstill
= Implant permanent ventricular pacemaker to regulate rate and rhythm.

Hyperkalemic Atrial Standstill
® Hyperkalemia secondary to urinary tract obstruction or rupture may require surgery.

COMMENTS

Client Education

Persistent Atrial Standstill

® Clinical signs generally improve after pacemaker implantation; signs of CHF may develop,
and weakness and lethargy may persist even after heart rate and rhythm are corrected with
the pacemaker.

Patient Monitoring

= Monitor ECG during treatment of hyperkalemia and periodically in animals with a perma-
nent ventricular pacemaker.

= Monitor electrolytes in patients with hyperkalemic atrial standstill.

® Monitor patients with persistent atrial standstill for signs of CHE

Possible Complications

® CHF in patients with persistent atrial standstill.

Expected Course and Prognosis

Persistent Atrial Standstill

® Clinical signs generally improve after pacemaker implantation. Signs of CHF may develop,
and weakness and lethargy persist even after heart rate and rhythm are corrected with the
pacemaker. There may be persistence of signs related to muscular dystrophy.

Hyperkalemic Atrial Standstill
® Long-term prognosis is excellent if underlying cause can be corrected and hyperkalemia
reversed.

Synonyms

= Silent atria
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Abbreviations

ACE: angiotensin-converting enzyme
ACTH: adrenocorticotropic hormone
CHF: congestive heart failure

CRIL:  constant rate infusion

ECG: electrocardiogram

HCO;: bicarbonate

Iv: intravenous

pH: measure of acidity or base
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Atrioventricular Block

] DEFINITION/OVERVIEW

m Atrioventricular (AV) block refers to a delay or block of impulse conduction from the atria
to the ventricles at a time when the conduction system is not refractory.
® Conduction delay or block may arise at any site between the sinoatrial node and the ven-
tricular myocardium (i.e., intraatrial, intranodal, or subnodal block).
®= While certain ECG patterns of AV block more typically reflect impaired conduction in
one particular segment of the cardiac conduction system, overlap occurs, and it is often
impossible to determine with certainty which part of the conduction system is responsible
for the block based on the surface ECG.
® AV block is classified into three categories based on ECG characteristics.
* First-degree AV block refers to delayed AV conduction.
O The ECG shows a 1:1 relationship of P waves and QRS complexes with a pro-
longed PR interval (>0.13 s in dogs and >0.09 s in cats).
O QRS and T waves usually appear normal (Fig. 8.1).
* Second-degree AV block occurs when there is failure of some but not all P waves to be
conducted to the ventricles; three patterns of second-degree AV block are recognized.
O Mobitz type I (Wenckebach) second-degree AV block is characterized by grad-
ual prolongation of PR intervals until a P wave fails to conduct (Fig. 8.2).
O Mobitz type I second-degree AV block is characterized by abrupt failure of one
or more consecutive P waves to be conducted without progressive lengthening
of the PR interval prior to the blocked P wave (Fig. 8.3).
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M Fig. 8.1. Alead Il ECG rhythm strip recorded from an 8-year-old cat. There is sinus bradycardia (120 beats/minute)
and first-degree AV block. A P wave precedes each QRS complex with a constant but prolonged PR interval of 0.14 s
(paper speed = 50 mm/s).

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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M Fig. 8.2. Alead Il ECG rhythm strip recorded from a dog with Mobitz type | second-degree AV block. Nonconducted
P waves are indicated by arrows. The PR interval becomes progressively longer with the longest interval preceding a
nonconducted P wave (paper speed = 50 mm/s).
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M Fig. 8.3. A lead Il ECG rhythm strip recorded from a cat with Mobitz type Il second-degree AV block. There are
intermittent nonconducted P waves (arrows); however, the PR interval of conducted beats is constant (0.09 s). The QRS
complexes are abnormal (rS pattern) because of concomitant left anterior fascicular block (paper speed = 25mm/s).
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M Fig. 8.4. Alead Il rhythm strip recorded from a dog with bradycardia (ventricular rate = 62 beats/minute) as a result
of high-grade second-degree AV block occurring in a 3:1 conduction pattern. The initial P wave of each cycle is hidden
by the preceding T wave; however, these P waves can occasionally be appreciated deforming the T wave (arrows). The
QRS complexes are abnormal (wide and negative) because the dog also has right bundle branch block (paper speed
=25mm/s).

O High-grade second-degree AV block is characterized by a fixed ratio of P waves
to QRS complexes, e.g., 2:1, 3:1, 4:1 (Fig. 8.4). (This type of second-degree AV
block cannot be classified as Type I or Type I1.)

O QRS and T waves appear normal unless there is also an intraventricular con-
duction abnormality.

 Third-degree (complete) AV block is the result of complete absence of AV conduction.

O Characterized on ECG (in patients with sinus rhythm or other organized atrial
rhythm) as a complete lack of association of P waves and QRS complexes with
the ventricular rate slower than the atrial rate.
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M Fig. 8.5. Asimultaneous lead |, Il, and lll ECG recording from a dog with complete (third-degree) AV block. The atrial
rate (136 beats/minute) exceeds the ventricular rate, and there is no relationship between P waves and QRS complexes.
There is a ventricular escape focus depolarizing the ventricular myocardium at a regular rate of 32 beats/minute. These
QRS complexes are abnormally wide (0.09 s) with a left bundle branch morphology (arrows). Each of the ventricular
escape complexes is coupled to a premature ventricular contraction (arrowheads) (paper speed = 25mm/s).

B Fig. 8.6. This lead Il ECG was recorded from a cat with complete (third-degree) AV block. The atrial rate (214 beats/
minute) exceeds the ventricular rate (109 beats/minute), and there is no relationship between P waves and QRS com-
plexes. The morphology of the QRS complexes is normal, indicating a junctional escape focus (paper speed = 50 mm/s).

O Because ventricular depolarization arises from escape activity of a subsidiary
intraventricular pacemaker, QRS complexes are typically wide and bizarre
(Fig. 8.5).

O In many cats and some dogs, the escape focus is near the origin of the His
bundle (in the region defined as the AV junction), and in these animals the
QRS complexes are narrow (Fig. 8.6).

(3 ETIOLOGY/PATHOPHYSIOLOGY

® A variety of disorders or disease processes may cause impaired AV conduction, and the
severity of impairment may range from first degree to complete AV block in each of these
circumstances.

® AV block may be transient or permanent.

® AV block may progress from first degree to more severe block.

® AV block may result from intrinsic disease of the cardiac conduction system or from
extrinsic factors adversely affecting impulse conduction.
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= Any condition that increases vagal tone may produce varying degrees of AV block.

Vagal stimulation is a common cause of AV conduction block in the critical care
setting,.

Second-degree AV block occurs in 64% of healthy adult dogs and 100% of healthy
pups between 8 and 11 weeks of age.

Vagal tone is increased during sleep; therefore, AV block may disappear during wak-
ing hours and with resumption of normal activity.

Valsalva maneuvers may also result in transient AV block.

Enhanced vagal tone in dogs and cats may be associated with conditions such as
upper airway disease, cervical and thoracic masses, gastrointestinal disorders, head
or neck trauma, increased CSF pressure, and glaucoma.

Electrolyte imbalances may predispose to or cause AV block (hyperkalemia directly
impairs AV conduction whereas hypokalemia enhances the effect of vagal stimulation).
Other extrinsic causes of AV conduction block include drugs or toxins such as cardiac
glycosides, beta-adrenergic antagonists, calcium channel-blocking agents, propafenone,
amiodarone, alpha-2-adrenergic agonists, parasympathomimetic agents, or severe pro-
cainamide or quinidine toxicity.

Transient potentiation of AV block may be seen following administration of atropine, and
bradycardic potentiation is longer in duration with subcutaneous administration.

AV block as a result of disorders of the cardiac conduction system includes:

degeneration of the conduction system (AVN, bundle of His, and/or bundle branches)
with or without degenerative mitral valve disease

inflammation affecting the AVN, atrial approaches to the AVN or Purkinje system,
including bacterial endocarditis of the aortic valve and myocarditis (Borrelia burg-
dorferi, Trypanosoma cruzi, Rickettsia rickettsii, tetanus, lymphocytic-plasmacytic
myocarditis)

infiltrative diseases (tumors, amyloid)

cardiomyopathy

congenital AV block associated with structural defects (e.g., AV septal defects) or
primary congenital AV block (Pugs, Airedale Terriers)

severe systemic hypertension

blunt chest trauma

pheochromocytoma

ischemia or infarction (rare).

Systems Affected

Cardiovascular system (bradycardia, hypoperfusion, and hypotension if AV block is high-
grade second or third degree).

Neuromuscular system (may be affected secondarily from significant bradycardia and
hypoperfusion).

Renal (azotemia may result from profound or chronic hypoperfusion).
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i-» | SIGNALMENT/HISTORY

® Both dogs and cats.
® Breed predilections: American Cocker Spaniels (degenerative AV block), Dachshunds

(degenerative AV block), Doberman Pinschers, brachycephalic dogs (vagally mediated AV
block), Persian cats (vagally mediated AV block).

Young, otherwise healthy dogs as a manifestation of high vagal tone.

Young animals with congenital heart disease.

Older dogs and cats with degenerative conduction system disease.

Cats of any age with hypertrophic or restrictive cardiomyopathy.

Risk Factors

Any condition or intervention that increases vagal tone.

Historical Findings

Many animals are asymptomatic.

Syncope or collapse.

Exercise intolerance.

Occasionally seizures.

May have a variety of clinical signs resulting from underlying cause.

Q CLINICAL FEATURES

Physical Exam Findings

Normal with first-degree AV block (unless there are also abnormalities resulting from
more generalized myocardial disease or noncardiac disease).

® Dogs with profound bradycardia may appear weak.
= Intermittent pauses in the cardiac rhythm with Mobitz type I or type II second-degree AV

block.

® Bradycardia if high-grade second-degree or third-degree block.
® Jugular veins may show intermittent cannon A waves with third-degree block.
m First heart sound (S1) may become progressively softer, followed by a pause with Mobitz

type I second-degree AV block.

An audible S4 may be heard unaccompanied by S1 and S2 when block occurs (second-
and third-degree AV block).

A systolic ejection murmur resulting from relative aortic stenosis may be heard in patients
with bradycardia.

Secondary neurologic signs (e.g., seizures, extensor rigidity) may be noted in animals with
severe bradycardia.
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Premature beats and/or paroxysms of tachycardia secondary to myocardial hypoperfusion
may be audible in animals with severe bradycardia.
Other abnormalities reflecting the underlying etiology may be observed.

(-y DIFFERENTIAL DIAGNOSIS

Sinus node dysfunction (sick sinus syndrome).

Atrial standstill.

Accelerated idioventricular rhythm.

P waves superimposed upon preceding T waves because of first-degree AV block should
be differentiated from bifid T waves.

Nonconducted P waves from supraventricular premature impulses or supraventricular
tachycardia should be distinguished from second-degree AV block.

E DIAGNOSTICS

m Standard electrocardiography.
® Continuous ECG monitoring or recording (e.g., Holter monitoring, event recording,

telemetry) may be required if conduction impairment is intermittent.

® May be necessary to identify specific noncardiac causes of enhanced vagal tone.

Atropine response test may be used to determine whether AV block is due to vagal tone
(administer atropine 0.04 mg/kg IM and repeat ECG in 20-30 minutes).

Hyperkalemia and hypokalemia may predispose to AV conduction disturbances.
Abnormal leukogram may be noted in animals with bacterial endocarditis or myocarditis.
Serum digoxin concentration may be high.

High T, in cats if associated with thyrotoxic myocardial disease.

Abnormally high arterial blood pressure if associated with severe hypertension or hyper-
tensive cardiac disease.

Positive Borrelia, Rickettsia, or Trypanosoma cruzi titers if associated with one of these
infectious agents.

® Blood cultures may be positive in patients with bacterial endocarditis.
® Plasma cardiac troponin I (c¢Tnl) concentration is increased in a high percentage

of dogs with symptomatic AV block and may remain above normal after artificial car-
diac pacing, particularly in dogs with endocarditis, myocarditis, or left ventricular
dysfunction.

Electrophysiologic studies are generally unnecessary but can be done to confirm the spe-
cific type of AV block if surface ECG findings are equivocal and to identify the specific
intracardiac location of the conduction block.

Doppler/echocardiographic examination may reveal structural heart disease (e.g., endo-
carditis, neoplasia, cardiomyopathy).
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Pathologic Findings

® No gross or histopathologic cardiac abnormalities if AV block is due to extrinsic causes.
® With cardiac conduction system disorders, findings may vary depending on the underly-

ing cause.

Older animals with degenerative change of the conduction system may have focal min-
eralization of the interventricular septal crest visible grossly; chondroid metaplasia of the
central fibrous body, and increased fibrous connective tissue in the AV bundle noted his-
topathologically.

ey THERAPEUTICS

The overall objectives of treatment are to eliminate or reverse the underlying cause and to
provide a heart rate support when necessary.

Temporary or permanent cardiac pacing is often the only consistently effective treatment
in symptomatic patients or patients with progressive renal dysfunction due to bradyar-
rhythmia.

Drugs of Choice

Medications are chosen if appropriate to manage an underlying cardiac or noncardiac
condition.

Atropine (0.02-0.04mg/kg IV, IM) or glycopyrrolate (0.005-0.01 mg/kg IV, IM) may be
used short term if positive atropine response.

Chronic anticholinergic therapy (propantheline 0.5-2.0mg/kg PO q8-12h or hyoscya-
mine 0.003-0.006 mg/kg q8h for symptomatic patients if improved AV conduction docu-
mented with atropine response test.

Isoproterenol (0.04-0.09 pg/kg/min IV to effect) or dopamine (3-5 pg/kg/min IV to effect)
may be administered in acute, life-threatening situations to enhance AV conduction and/
or accelerate an escape focus.

Precautions/Interactions

® Hypokalemia — increases sensitivity to vagal tone; may potentiate AV conduction delay.
® Drugs with vagomimetic action (e.g., digoxin, bethanechol, physostigmine, pilocarpine)

may cause or potentiate AV block.

Avoid drugs likely to impair impulse conduction further or depress a ventricular escape
focus (e.g., procainamide, quinidine, lidocaine, calcium channel-blocking agents, beta-
adrenergic antagonists, alpha-2-adrenergic agonists, amiodarone, propafenone).
Temporary cardiac pacing may induce pacemaker dependency by suppressing an escape
focus.

Avoid the use of isoproterenol or dopamine in patients with digoxin toxicity or ischemic
heart disease.
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Diet

® Modifications or restrictions only to manage an underlying condition.

Activity

m Cage rest advised for symptomatic patients.

Surgical Considerations

® Many patients are a high anesthetic risk, and perioperative temporary pacing is advised if
anesthesia is needed.

® Permanent artificial cardiac pacemaker may be required for long-term management of
symptomatic patients or those with progressive renal dysfunction due to bradyarrhythmia.

® For patients needing a permanent pacemaker, an epicardial system should be considered
for feline patients and for those with existing or potential hypercoaguable state, those
requiring immunosuppression for a comorbid state, and those with sepsis.

COMMENTS

Client Education

m Explain that treatment is directed toward underlying cause.

® Explain that positive chronotropic agents may not be effective long term.

® Explain that cardiac pacing will not prevent progression of underlying heart disease if
present.

Patient Monitoring

= Asymptomatic patients without a pacemaker must be monitored for development of clini-
cal signs, secondary congestive heart failure, and progressive renal dysfunction.

® Monitor ECG of patients with first-degree AV block or low-grade second-degree AV block
for development of higher grade conduction block.

Expected Course and Prognosis

Depends on underlying cause.
Prognosis for first-degree and Mobitz type I second-degree AV block is usually excellent if
no significant underlying disease is present.

m AV block may be reversible if due to medications, transient ischemia, blunt trauma, hyper-
tension, electrolyte disorders, or acute myocarditis of any cause.
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® Conditions that cause necrosis, disruption, or replacement of the cardiac conduction sys-
tem cells typically result in progressive and permanent AV block (e.g., infarction, surgical
disruption, radiofrequency ablation, bacterial endocarditis, neoplasia, amyloidosis, pro-
gressive muscular dystrophy, cardiomyopathy).

= With high-grade second-degree or complete AV block, sudden death may occur.

Synonyms

® Mobitz type I second-degree AV block = Wenckebach block
® Third-degree AV block = complete AV block
® PR interval = PQ interval

Abbreviations

AV:  atrioventricular
AVN: atrioventricular node
CSF: cerebrospinal fluid
ECG: electrocardiogram
IM: intramuscular

IV:  intravenous

PO: peros
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Blood Transfusion

Reaction

] DEFINITION/OVERVIEW

®  An adverse effect resulting from a blood or blood component transfusion.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Transfusion reactions are either acute (within 48 hours of administration) or delayed, and
can result from immune-mediated or nonimmune-mediated causes. Transfusion reactions
can range from mild and subclinical to severe and life-threatening.

Acute Immune-Mediated Reactions

® Acute hemolysis (type II hypersensitivity) occurs when the recipient possesses antibodies
against the RBCs in the transfusion. IgM and IgG are able to fix complement and cause
intravascular hemolysis. Extravascular hemolysis occurs with removal of antibody-coated
RBCs by the lymphoreticular system. Dogs require previous exposure to develop antibod-
ies; cats possess naturally occurring alloantibodies and may develop acute hemolysis with
their first transfusion.

® An allergic reaction (type I hypersensitivity) results from antigen binding with the recipi-
ent’s IgE or IgG. Antigen—antibody interaction causes degranulation of mast cells, release
of numerous vasoactive compounds, systemic inflammation, and vasodilation. Donor leu-
kocytes in the transfusion may also degranulate during storage.

m A febrile nonhemolytic transfusion reaction is caused by interaction of antigens on donor
leukocytes or platelets with recipient antibodies or by release of pyrogenic cytokines
during storage.

Delayed Immune-Mediated Reactions

® Delayed hemolysis occurs when the recipient develops antibodies from exposure to for-
eign RBC antigens in the transfusion. These antibodies adhere to transfused RBCs and
cause extravascular hemolysis.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Posttransfusion purpura is an immune-mediated thrombocytopenia that develops second-
ary to foreign platelet antigens in a transfusion.

Acute Nonimmune-Mediated Reactions

Hemolysis of donor RBCs before transfusion is caused by improper storage (i.e., outdated
product, inappropriate temperature) or administration (excessive pressure, small needle
or catheter, concurrent administration of fluids other than 0.9% saline, rapid infusion, and
infusion through some fluid pumps).

Bacterial contamination from improper collection or storage, donor bacteremia, skin con-
tamination, or contamination during administration may lead to septic shock, DIC, and
MODS.

Volume overload can occur with transfusion at an excessive rate or volume because
blood products are colloidal suspensions that primarily contribute to intravascular
fluid volume. Hypervolemia increases pulmonary capillary pressure and can lead to
pulmonary edema.

Citrate toxicosis may result from administration of large volumes of whole blood. Citrate
anticoagulant causes hypocalcemia by chelation and depletion of the recipient’s ionized
calcium fraction.

Hyperammonemia from administration of outdated blood products will cause signs of
CNS toxicity and can also cause vomiting.

Hypothermia can be caused or exacerbated by administration of blood products that are
not properly warmed, especially in large-volume transfusions.

Delayed Nonimmune-Mediated Reactions

Transmission of infectious diseases, including Babesia spp., Leishmania, Ehrlichia canis,
FeLV, FIV, and hemotrophic mycoplasma.

Hemosiderosis may occur with repeated or large transfusions, causing hepatic damage
secondary to iron storage.

Systems Affected

Hematologic/lymphatic/immune: hemolysis.

Cardiovascular: tachycardia, hypotension, volume overload, dysrhythmias.
Respiratory: tachypnea, bronchoconstriction, pulmonary edema.
Gastrointestinal: vomiting, diarrhea.

Skin: erythema, urticaria, pruritus, purpura, angioneurotic edema.
Neuromuscular: tremors or tetany with citrate toxicosis.

Neurologic: encephalopathy.

Hepatic: hemosiderosis.

Coagulation: hypothermia-induced coagulopathy, posttransfusion purpura, DIC.
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Incidence/Prevalence

Reported rates of canine transfusion reactions range from 3.3% to 40%.
Common: febrile nonhemolytic reactions.
Rare: posttransfusion purpura, citrate toxicosis, hemosiderosis.

Geographic Distribution

® Cats with type B blood are found more commonly in Europe, Japan, Australia, and the

Pacific Northwest portion of the United States.
sy

i-' | SIGNALMENT/HISTORY

® Purebred cats, particularly British Shorthair and Devon Rex, have a higher frequency of
type B blood, which carries a greater risk of incompatibility because the majority of cats
in the United States are type A. Type B cats tend to react strongly to type A blood and can
have a fatal reaction within hours of transfusion.

Signs

® Acute hemolysis: hemoglobinemia/hemoglobinuria with intravascular hemolysis, gener-
ally milder signs with extravascular hemolysis, vomiting, diarrhea, pyrexia, tachycardia,
tachypnea, hypotension, dysrhythmias, seizures.

m Allergic reactions: pyrexia, erythema, urticaria, pruritus, angioneurotic edema, vomiting,
diarrhea, and possible anaphylaxis with hypotension, tachycardia, and bronchoconstriction.

m Febrile nonhemolytic reaction: temperature increase of >1°C, pyrexia may persist for up
to 20 hours.
Delayed hemolysis: typically mild decrease in PCV without hemoglobinuria.

m Posttransfusion purpura: petechiae, ecchymoses, spontaneous hemorrhage, usually 7-14
days post transfusion.

® Nonimmune-mediated hemolysis: typically benign but reduced efficacy of the transfusion.

® Bacterial contamination: pyrexia, vomiting, hemolysis, septic shock.

= Volume overload: tachypnea, moist cough, orthopnea, cyanosis.

= Citrate toxicosis: tremors, tetany, nausea, hypotension, dysrhythmias.

® Hyperammonemia: ataxia, dementia, head pressing, circling, seizures, vomiting.

® Hypothermia: decrease in body temperature, dysrhythmias.

Risk Factors/Causes

Transfusion carries an inherent risk of reaction.

Acute hemolysis: previous transfusion or pregnancy.

Allergic reactions: worse with plasma or platelet transfusions.

Febrile nonhemolytic reaction: risk increases with storage time of the product.
Bacterial contamination: platelet products, which may be stored at room temperature.
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Volume overload: cats, neonates, underlying cardiopulmonary disease, oliguric/anuric
renal failure, whole blood transfusions tend to be of a larger volume.

Citrate toxicosis: hepatic dysfunction, whole blood transfusion, rapid or large-volume
transfusion.

Hyperammonemia: hepatic dysfunction, ammonia levels in blood products increase with
storage time.

Hypothermia: large-volume transfusion, transfusion through a central line.

Y DIFFERENTIAL DIAGNOSIS

Although acute transfusion reactions may appear similar clinically, correct diagnosis is
necessary for appropriate treatment. If a reaction is suspected, confirm product-recipient
compatibility, expiration date, and check the appearance of the product for signs of con-
tamination. The presence of hemoglobinemia or hemoglobinuria strongly suggests hemo-
lysis but may be absent with extravascular hemolysis.

E DIAGNOSTICS

Complete Blood Count/Biochemistry/Urinalysis

PCV: rapid decline with acute hemolysis, mild-to-marked decrease with delayed hemoly-
sis, pink- to red-tinged plasma portion.

Thrombocytopenia: mild to marked with posttransfusion purpura.
Hemoglobinemia/hemoglobinuria: acute hemolysis.

Hyperbilirubinemia: acute or delayed hemolysis.

Other Laboratory Tests

Coombs’ test: positive in delayed hemolytic reactions but may be positive from primary
disease.

Gram stain and culture: if bacterial contamination is suspected.

lonized calcium: low with citrate toxicosis.

Ammonia level: high with hyperammonemia but difficult to test.

Imaging

Thoracic radiographs: confirm volume overload, patchy interstitial to alveolar lung pat-
tern, can develop anywhere but more common in the perihilar region.

Diagnostic Procedures

Cross-match: confirm compatibility.
Blood pressure: hypotension with acute hemolysis or anaphylaxis; hypertension with
volume overload.
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Pulse oximetry: hypoxemia with acute hemolysis, anaphylaxis, and volume overload.
Central venous pressure: sharp increase with volume overload.
ECG: bradycardia, Q-T interval prolongation, and VPCs with citrate toxicosis.

Q) THERAPEUTICS

The transfusion should immediately be discontinued whenever a reaction is suspected
and the patient fully evaluated to determine appropriate treatment.

Acute hemolysis: discontinue transfusion, support systemic blood pressure with intra-
venous fluids + vasopressors; oxygen supplementation if hypoxemic; corticosteroids not
generally indicated.

Allergic reactions: discontinue or decrease rate of transfusion, antihistamine + corticoste-
roid; epinephrine, oxygen supplementation, intravenous fluid therapy, and vasopressors
may be needed with anaphylaxis.

Febrile nonhemolytic reaction: decrease rate of transfusion, medications usually not nec-
essary but consider antihistamines + NSAIDs.

Delayed hemolysis: therapy usually not indicated, additional transfusions may be required
with severe anemia.

Bacterial contamination: discontinue transfusion, broad-spectrum intravenous antibiotic
therapy.

Volume overload: discontinue or decrease rate of transfusion, oxygen supplementation,
diuretic therapy.

Citrate toxicosis: discontinue or decrease rate of transfusion, slow administration of intra-
venous calcium.

Drugs of Choice

Allergic reaction: diphenhydramine (2mg/kg IM) = a short-acting corticosteroid if
signs progress or do not improve, epinephrine (0.01-0.02mg/kg SQ, IM, or IV) for
anaphylaxis.

Posttransfusion purpura: immunosuppressive dose of corticosteroids in severe cases.
Volume overload: furosemide (2—4 mg/kg IV, repeat every 30 minutes until clinical signs
of orthopnea resolve).

Citrate toxicosis: calcium gluconate (94-140 mg/kg slowly IV).

Contraindications

Avoid using corticosteroids or NSAIDs in patients with gastrointestinal hemorrhage.

Precautions/Interactions

Administration of calcium in the same line with blood products may cause clot or precipi-
tate formation.
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COMMENTS

Patient Monitoring

Quick recognition allows earlier and more successful treatment of transfusion reactions.
Baseline temperature, pulse, respiratory rate, and CRT at baseline and every 15 minutes
for the first hour then hourly until transfusion is complete.

Pre- and posttransfusion PCV.

Prevention/Avoidance

Critically assess the patient’s needs and avoid transfusion if not clinically warranted.
When taking history, ask about previous transfusion and prominently note transfusion
history in patient records.

Confirm donor-recipient compatibility by typing or cross-matching.

Choose the appropriate blood product containing only needed components with minimal
antigen and volume.

Do not administer products that are outdated or abnormal in appearance.

Administer blood products with proper equipment.

Leukoreduction (removal of leukocytes from a blood product) may reduce the likelihood
of a febrile nonhemolytic reaction.

Bacterial contamination can be prevented by aseptic collection technique, sterile collec-
tion equipment, and proper storage.

Sufficiently warm blood products with an approved warming device.

Thorough screening of donors for potential infectious diseases.

Prophylactic administration of antihistamines or glucocorticoids is controversial but not
supported by scientific evidence and is not recommended at this time.

Abbreviations

CNS:  central nervous system
CRT:  capillary refill time

DI

C:  disseminated intravascular coagulation

ECG: electrocardiogram

FelV: feline leukemia virus

FIV: feline immunodeficiency virus
IgE: immunoglobulin E

IgG: immunoglobulin G

IgM: immunoglobulin M

IM: intramuscular

1V:

intravenous

MODS: multiorgan dysfunction syndrome
NSAID: nonsteroidal antiinflammatory drug
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PCV:  packed cell volume

RBC:  red blood cell

SQ: subcutaneously

VPC:  ventricular premature contraction
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Brachial Plexus Injury

DEFINITION/OVERVIEW

® Traumatic brachial plexus injury (TBPI) is a catch-all term referring to traumatically
induced neuropathy of the C6-T2 ventral spinal nerve rami.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® The brachial plexus originates from the ventral rami of the C6-T2 spinal nerves.

® [ts projections comprise the suprascapular (C6-C7), subscapular (C6—C7), musculocuta-
neous (C6—-C8), axillary (C6-C8), radial (C6~T2), median (C8-T2), ulnar (C8-T2), and
lateral thoracic (C8-T1) nerves.

® Thoracic limb traction or abduction can result in injury to the brachial plexus or associ-
ated structures.

® Injury can lead to neuropraxia (focal demyelination without axonal disruption), axono-
tomesis (axonal injury with sparing of the endoneureum), or neurototomesis (complete
severance of axons and ensheathing tissues).

= When neurototomesis occurs, it is often at the level of the nerve rootlets, resulting in
brachial plexus avulsion.

@ SIGNALMENT/HISTORY

® Young, male, large-breed dogs with unsupervised outdoor access are likely predisposed.

Q CLINICAL FEATURES

® TBPI can be classified as complete, cranial (C6-C7), or caudal (C8-T2).
® Ventral rootlets and associated motor fibers are most susceptible to TBPI, although sen-
sory projections can be affected in severe injuries.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Cranial TBPI

® [esions associated with the cranial brachial plexus will result in difficulty advancing the
limb at the shoulder (suprascapular nerve), shoulder instability (suprascapular, subscapu-
lar nerves), and weak elbow flexion (musculocutaneous nerve).

®  Animals with cranial TBPI usually have the ability to bear weight and extend the elbow as
the majority of the radial distribution will be spared.
Postural reactions may be weak, although sparing of the knuckling response is common.
The extensor carpi radialis and triceps reflexes are likely to be preserved, whereas the
biceps and flexor withdrawal reflexes may be weak.

® In severe cranial TBPI cutaneous hypalgesia or analgesia may be present. Avulsion of the
C6—C8 nerve roots leads to analgesia in the autonomous zone of the axillary nerve (lateral
brachium), musculocutaneous nerve (craniomedial antebrachium), and portions of the
radial nerve (cranial antebrachium, dorsum of paw) (Fig. 10.1).

Musc.

Radial

Ulnar

Radial

M Fig. 10.1. The major autonomous zones of the thoracic limb of the dog.
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Caudal TBPI

Caudal TBPI will lead to an inability to bear weight on the thoracic limb and loss of carpal
extension.

Proximally located lesions involving the ventral rootlets, ventral roots, or spinal nerves
associated with T1-T2 may lead to ipsilateral Horner’s syndrome.

Lesions involving C8-T1 (lateral thoracic nerve) may lead to ipsilateral loss of the cutane-
ous trunci reflex.

Postural reactions, such as hopping or knuckling, will be weak or absent depending on
the severity of caudal TBPI.

Reflexes, including the flexor withdrawal, extensor carpi radialis, and triceps, will be weak
or absent.

Hypalgesia or analgesia may be present in the autonomous zones of the ulnar (caudal
antebrachium) and radial (cranial antebrachium, dorsum of paw) with C8-T2 TBPIL.

Complete TBPI

Complete TBPI has the features of both cranial and caudal TBPI, with analgesia to the
entire limb distal to the elbow occurring with severe lesions.

In some cases of proximally located complete TBPI, postural reaction deficits, upper motor
neuron paresis, and ataxia may be present in the ipsilateral pelvic limb due to hematoma
compressing the spinal cord.

,y DIFFERENTIAL DIAGNOSIS

Other differential diagnoses for acute-onset monoparesis or monoplegia of a thoracic limb
in dogs include:

* Fibrocartilagenous embolic myelopathy (FCE)

* Lateralized disk herniation

e Brachial plexus neuritis (can be bilateral)

¢ Infectious neuritis

* Neoplasia

e Vascular neuromyopathy (brachial artery occlusion).

E DIAGNOSTICS

® Frequently TBPI is diagnosed based on clinical signs and a history of trauma.
® All animals should receive a careful physical examination, with special attention paid to

intrathoracic, intraabdominal, orthopedic, and neurologic structures that may be concur-
rently injured.

Animals with a history of significant trauma should have a complete blood count, serum
biochemistry profile, urinalysis, chest radiograph series, and focused assessment using
sonography for trauma of the thorax (TFAST) and abdomen (AFAST).



74 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

® Those patients with discrete abnormalities in any particular system should have those
investigated appropriately.

® Advanced imaging, such as CT or MRI, of the brachial plexus, spinal nerves, nerve root-
lets, and spinal cord can help to exclude other etiologies.

m Electrophysiology, which can include electromyography (EMG), motor and sensory nerve
conduction velocity, and cord dorsum potentials, can be performed.

® The value of electrophysiology is that it can identify specific nerve and muscle groups
involved as well as separate neuropraxic injuries from those that involve the axon and may
have a poorer prognosis.

m Electrophysiology is usually performed at least 8 days after injury as this is the time,
in dogs with axonal damage, that it will take to develop abnormal spontaneous activity
on EMG.

m Electrophysiology does not discern the etiology responsible for neuropathy.

Q) THERAPEUTICS

Animals with injuries to other body systems should have those addressed.

m Treatment of TBPI has traditionally consisted of physical rehabilitation and analgesia.
® Passive range of motion exercises, active weight bearing, electrical muscle stimulation,

and underwater treadmill may all be of benefit.

In the acute phase of TBPI, opioid analgesia and nonsteroidal antiinflammatory agents
may be required.

Some animals may develop neuropathic pain in the chronic phases of recovery, manifest
by licking or chewing the limb. These animals may require agents such as gabapentin or
tricyclic antidepressants.

Steroids are of unknown value in the acute or chronic phases of TBPI and are not utilized
by the author.

Animals with absent nociception often do not recover function of the limb and may need
limb amputation.

Recently, techniques for nerve transposition and reimplantation have been developed
that may improve functional recovery in animals with brachial plexus avulsion. Unfor-
tunately, few veterinary surgeons or neurologists in the USA are able to perform these
procedures.

Drugs of choice

Opioids

Buprenorphine 0.005-0.02 mg/kg IV, IM or SQ BID-TID
Fentanyl 2-5 pg/kg IV bolus; continue as CRI at 3-5ng/kg/h
Tramadol 3-5 mg/kg PO TID-QID

CR morphine 1-5mg/kg PO BID
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Nonsteroidal antiinflammatory drugs (NSAIDs)
® Carprofen 2.2 mg/kg PO BID

® Deracoxib (follow manufacturer’s instructions)
= Meloxicam 0.2 mg/kg PO q24h

Drugs for neuropathic pain

= Amantadine 3-5mg/kg PO q24h

= Amitriptyline 1-2 mg/kg PO BID

® Gabapentin 3-5mg/kg PO TID as starting dose, with a maximum up to 50 mg/kg/day

COMMENTS

Client Education

Recovery of function in distributions that lack nociception is unlikely.

Physical rehabilitation may speed and enhance neurologic improvement.

Some animals with TBPI will have chronic neuropathic pain.

Those animals with neuropathic pain that self-mutilate or animals that have abrasions
from dragging a limb will need to have wounds addressed by a veterinarian.

® Amputation is sometimes necessary if wounds cannot be medically managed.

Patient Monitoring

® Many animals with TBPI will have other body systems or regions of the nervous system
that may be injured. Careful physical examination is a must.

Possible Complications

®  Animals with neuropathic pain may self-mutilate.
= Wound infection.

Expected Course and Prognosis

® Prognosis is dependent on nociceptive status and whether lesions are complete or
incomplete.

® Animals with absent nociception will be unlikely to recovery function in affected
distributions.

= Animals with complete TBPI are likely to have a more protracted recovery than those with
incomplete lesions.

Synonyms

® Brachial plexus avulsion is equivalent to complete TBPL



76

SMALL ANIMAL EMERGENCY AND CRITICAL CARE

Abbreviations

AFAST: abdomen: focused assessment using sonography for trauma

BID:
CR:
CRI:
CT:

EMG:

FCE:
IM:
1V:
MRI:
PO:
QID:
SQ:
TBPI:
TID:

twice a day (bis in die)
controlled release

continuous rate infusion
computed tomography
electromyography
fibrocartilagenous embolic myelopathy
intramuscular

intravenous

magnetic resonance imaging

by mouth (per os)

four times a day (quater in die)
subcutaneous

traumatic brachial plexus injury
three times a day (ter in die)

TFAST: thorax: focused assessment using sonography for trauma
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chapter 11

Bromethalin Rodenticide
Toxicity

DEFINITION/OVERVIEW

® Bromethalin is a neurotoxic rodenticide that causes cerebral edema. It is not an anticoagu-
lant rodenticide and should not be treated with vitamin K, as an antidote.

® Ingestion of toxic levels of bromethalin can result in central nervous system (CNS) signs
such as CNS stimulation or depression, abnormal behavior, hyperexcitability, ataxia,
hyperesthesia, tremors with secondary hyperthermia, seizures, and coma.

® Other common signs include paresis, hindlimb paralysis, anisocoria, nystagmus, and
changes in the pupillary light reflex (PLR). Rarely, decreased or absent conscious proprio-
ception, increased patella reflexes, coma, and death can be seen.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Due to new EPA mandates, many anticoagulant rodenticides will be replaced by cholecal-
ciferol and bromethalin (Fig. 11.1).

® Bromethalin works by uncoupling oxidative phosphorylation, resulting in decreased
ATP production. This causes dysfunction to the ATP-dependent sodium and potassium
ion channel pumps, resulting in brain electrolyte imbalances and sodium accumulation
within the cell. As a result, lipid peroxidation occurs, leading to cerebral edema.

= Indogs, the LD, of bromethalin is 2.4-5.6 mg/kg, with clinical signs occurring in dogs at approxi-
mately 1 mg/kg. Cats are more sensitive to the effects of bromethalin, with a significantly lower
LD, of 0.4-0.71 mg/kg. The minimum toxic dose reported in cats is approximately 0.3 mg/kg.

® Bromethalin is rapidly absorbed from the GIT, and is highly lipophilic.

® Bromethalin reaches peak plasma concentrations within 4 hours of ingestion, yet has a
long half-life (rats: 5-6 days).

= Bromethalin undergoes enterohepatic recirculation.

® Bromethalin is typically sold as a 0.01% or 0.025% concentration. 0.01% baits contain
2.84mg of bromethalin per ounce of bait (0.1 mg/g).

® Clinical signs are dose dependent, and the onset of clinical signs depends on the amount
ingested. Typically, with acute ingestion, signs may be seen within 2—-24 hours.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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M Fig. 11.1. A common brand of rodenticide containing bromethalin.

Systems Affected

® Nervous/neuromuscular: CNS signs may be seen with bromethalin toxicosis, depending
on the dose ingested. Both acute and delayed clinical signs have been reported.

®  Ophthalmic: nystagmus, anisocoria.
® Gastrointestinal: vague GI signs can be seen.

m Respiratory: rarely, death can occur due to respiratory depression or secondary to aspira-

tion pneumonia.

T

Risk Factors

® Puppies and younger dogs appear to be overrepresented with poisoning due to their
curious nature.

m Cats are more sensitive to the effects of bromethalin, with a significantly lower toxic dose

and LD,

SIGNALMENT/HISTORY
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Historical Findings

® Evidence of a tampered or chewed rodenticide container or bait.

= History of having green, blue, or purple bait (multiple colors available) in the feces several
days prior.

® Clinical signs consistent with bromethalin.

Q CLINICAL FEATURES

= Nervous/neuromuscular: Agitation, sedation or decreased mentation, altered behavior,
hyperexcitability, ataxia, hyperesthesia, tremors with secondary hyperthermia, paresis,
hindlimb paralysis, seizures, and coma may be seen. Rarely, decreased or absent conscious
proprioception, increased patella reflexes, coma, and death can be seen.

® Ophthalmic: anisocoria, abnormal PLR, nystagmus.

® Gastrointestinal: vague signs of anorexia, vomiting, and abdominal distension may be seen.

® Respiratory: rarely, respiratory depression, hypercapnia, respiratory arrest.

,y DIFFERENTIAL DIAGNOSIS

= In patients presenting with CNS signs, other differential diagnoses include toxicants (e.g.,
marijuana, prescription medications (SSRI antidepressants, amphetamines, baclofen,
sleep aids, etc.), metaldehyde, lead, ethylene glycol, alcohol, etc.), structural (e.g., brain
tumor, hydrocephalus), inflammatory (e.g., GME, meningitis, etc.), and infectious (e.g.,
Toxoplasma, Neospora, canine distemper, rabies, etc.) diseases.

E DIAGNOSTICS

® No clinicopathologic changes are typically observed with bromethalin. That said, the

author has noticed an increased prevalence of hypernatremia with this toxicant; this is
likely due to multiple-dose charcoal administration.

 Patients should be monitored for signs of neurotoxicity — if clinical signs develop, a

serum sodium level should be checked immediately to rule out hypernatremia from

activated charcoal administration. Depending on what the sodium level is, treatment

for either hypernatremia or cerebral edema should be implemented (see Therapeutics).

m Hospitalized patients should have a daily PCV/TS/BG/AZO and electrolyte panel per-

formed. Ideally, fluid therapy goals should be directed towards achieving hemodilution

(e.g., PCV 35%, TS 5 g/dL).

Pathologic Findings

m Cerebral edema may be seen grossly.
® Spongy degeneration and diffuse vacuolization in the CNS white matter, along with intra-
myelinic edema and microgliosis, may be seen.
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O THERAPEUTICS

® The mainstay therapy for bromethalin rodenticide toxicosis is early decontamination,
fluid therapy, prevention of cerebral edema, appropriate monitoring, and symptomatic
supportive care.

® Decontamination.

* Decontamination should include early emesis induction, if ingestion was recent and
the patient is asymptomatic.

e With recent ingestion in an asymptomatic patient, emesis induction and administra-
tion of one dose of activated charcoal (1-5 g/kg, PO) with a cathartic (e.g., sorbitol)
is warranted.

e As bromethalin undergoes enterohepatic recirculation, the administration of mul-
tiple doses of activated charcoal (without a cathartic) is warranted (1-2 g/kg PO q6h
x 24 hours).

= Fluid therapy.

* A balanced, isotonic crystalloid at 2.5-3x maintenance should be used to hydrate
and perfuse the patient. This will also help prevent iatrogenic hypernatremia sec-
ondary to activated charcoal. In patients with CNS signs, the use of 0.9% saline or
hypertonic saline should be considered if necessary for treatment of cerebral edema.
Note: Fluid therapy will not aid in urinary elimination of bromethalin.

* Patients should be monitored for volume overload.

* Goals of fluid therapy should be based on physical examination findings (e.g., moist
mucous membranes, weight gain, etc.) and evidence of hemodilution (e.g., PCV/TS
35%/5 g/dL) and isosthenuria.

®  Gastrointestinal support.

* Potent antiemetics should be used for patient comfort, to prevent aspiration pneu-
monia, to allow for return to oral water, and to help prevent secondary complica-
tions from activated charcoal administration (e.g., emesis, aspiration of charcoal,
hypernatremia, etc.).

® Neurologic support.

o If CNS signs are seen, goals should be directed at lowering intracranial pressure
(ICP). Treatment includes head elevation (15-30°), oxygen therapy, fluid therapy
(to increase mean arterial pressure), muscle relaxants (for tremors), anticonvulsants
(for seizures), and hyperosmolar agents (for cerebral edema).

Drugs of Choice

= Antiemetics:
* Maropitant: 1 mg/kg SQ q24h
e Ondansetron: 0.1-0.5mg/kg IV q12h
* Dolasetron: 0.6 mg/kg IV q24h
® Muscle relaxants (for tremors):
* Methocarbamol: 55-220 mg/kg 1V, to effect PRN
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= Anticonvulsants (for seizures):
e Diazepam: 0.25-0.5 mg/kg, IV, to effect PRN
* Phenobarbital: 4-20mg/kg, 1V, to effect PRN
e Levetiracetam (Keppra®): 20-60 mg/kg, 1V, to effect PRN
® Hyperosmolar agents (for cerebral edema):
* Mannitol: 0.5-2 g/kg, IV, slow over 20-30 minutes; repeat PRN. Note: IV fluid should
be discontinued during mannitol administration.

Precautions/Interactions

® The use of glucocorticoids has been previously cited for treatment of bromethalin-induced
cerebral edema; however, this is not currently recommended based on newer evidence and
known potential side effects of steroids (e.g., hyperglycemia).

Alternative Drugs

m At this time, the extra-label, experimental use of intravenous lipid emulsion (as an anti-
dote for fat-soluble toxicants) is not recommended for bromethalin toxicosis.

Appropriate Healthcare

Monitoring

® Patients should be monitored for signs of neurotoxicity — if clinical signs develop, a serum
sodium level should be checked immediately to rule out hypernatremia from activated
charcoal administration. If sodium levels are normal, treatment for cerebral edema should
be implemented.

= In severely affected patients (e.g., obtunded, comatose, etc.), ECG and blood pressure
monitoring is imperative. Rarely, “Cushing's reflex” (e.g., acute bradycardia with concur-
rent severe hypertension) can be seen with severe cerebral edema; this indicates imminent
herniation and prompt therapy for cerebral edema (e.g., mannitol) is warranted.

Nursing Care

m Appropriate patient care includes elevating the head at 15-30° if necessary, flipping the
patient every 4—6 hours (e.g., to prevent secondary atelectasis), ophthalmic lubrication,
and keeping the patient dry and clean.

COMMENTS

Client Education/Prevention/Avoidance

® Owners should be educated to appropriately pet-proof the environment. Education on
crate training is imperative.

m Pet owners should be educated to never use rodenticides in a household containing pets,
due to the narrow margin of safety.
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Owners and veterinary professionals should be advised to call veterinary-specific poison
control centers for consultation with a veterinary toxicologist for life-saving advice as needed.

Possible Complications

While rare, severe complications can be seen from refractory seizures including rhabdo-
myolysis, myoglobinuria, and DIC.

While rare, neurologic signs can be seen for a delayed period of time.

Rare reports of delayed CNS signs can be seen with subacute or chronic ingestions. Rarely,
pet owners should be warned about the risk of clinical signs developing days after initial
exposure, despite hospitalization for initial care.

Expected Course and Prognosis

® Hospitalization for the typical, uncomplicated, asymptomatic bromethalin toxicosis
patient typically requires 12-18 hours of treatment for decontamination and supportive
care. If no clinical signs are seen after this time, patients can be discharged with instruc-
tions to monitor carefully at home.

m Overall, the prognosis for bromethalin toxicosis varies depending on the amount ingested
and the severity of clinical signs; however, prognosis is generally fair to excellent with
appropriate decontamination and treatment prior to the development of clinical signs. If
persistent seizures or paralytic syndrome are seen, the prognosis is poorer.

Synonyms

= Assault®

= Tomcat Mole Killer®

= Talpirid®

® Real Kill®

®m Rampage®

= Clout All Weather Bait®

® Fastrac®

® Vengeance®

Abbreviations

ATP: adenosine triphosphate

AZO: blood urea nitrogen

BG: blood glucose

CBC: complete blood count

CNS: central nervous system

ECG: electrocardiogram

EPA: Environmental Protection Agency

GI:

gastrointestinal



CHAPTER 11 BROMETHALIN RODENTICIDE TOXICITY 83

GIT: gastrointestinal tract

GME: granulomatous meningioencephalitis
ICP: intracranial pressure

ILE: intravenous lipid emulsion
IM:  intramuscular

Iv: intravenous

PCV: packed cell volume

PLR: pupillary light response
PO: by mouth (per os)

PRN: as needed (pro re nata)
SQ:  subcutaneous

TS:  total solids
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Bundle Branch

Block - Left

] DEFINITION/OVERVIEW

®  Conduction delay or block in both the left posterior and left anterior fascicles of the left bundle.
® A supraventricular impulse activates the right ventricle first through the right bundle
branch; the left ventricle is activated late, causing the QRS to become wide and bizarre.

Electrocardiogram Features

® QRS prolonged; dogs, >0.08 s, cats, >0.06 s.
= QRS wide and positive in leads I, II, III, and aVE
® Block can be intermittent or constant.

[~ ETIOLOGY/PATHOPHYSIOLOGY

m Because the left bundle branch is thick and extensive, the lesion causing the block must
be large.
m Usually an incidental ECG finding — does not cause hemodynamic abnormalities.

Risk Factors/Causes

Cardiomyopathy

Direct or indirect cardiac trauma (e.g., hit by car, cardiac needle puncture)
Neoplasia

Subvalvular aortic stenosis

Fibrosis

Ischemic cardiomyopathy (e.g., arteriosclerosis of the coronary arteries, myocardial infarc-
tion, and myocardial hypertrophy that obstructs coronary arteries)

Systems Affected
® Cardiovascular (Figs 12.1 and 12.2)

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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M Fig. 12.1. Left bundle branch block in a cat with hypertrophic cardiomyopathy. The QRS complex is of 0.07 s
duration and is positive in leads I, II, lll, and aVF. Neither a Q wave nor an S wave occurs in these leads. The QRS complex
is inverted in lead aVR. Source: Tilley 1992, reproduced with permission of John Wiley and Sons Inc.
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M Fig. 12.2. Intermittent left bundle branch block in a Chihuahua. QRS complexes are wider (0.07-0.08 s) in the sec-
ond, third, and fourth complexes and in the last three complexes. Consistent PR interval confirms a sinus origin for the
abnormal-appearing QRS complexes (lead Il, 50mm/s, 1cm 5 1 mV). Source: Tilley 1992, reproduced with permission
of John Wiley and Sons Inc.

-|-»‘| SIGNALMENT/HISTORY

Species

® Cats and dogs.

Historical Findings

® Usually an incidental ECG finding; does not cause hemodynamic abnormalities.
m Signs usually associated with the underlying condition.

Q CLINICAL FEATURES

= Does not cause signs or hemodynamic compromise.
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(&] DIFFERENTIAL DIAGNOSIS

® Left ventricular enlargement.

® No left ventricular enlargement on thoracic radiograph or cardiac ultrasound studies sup-
ports diagnosis of isolated left bundle branch block.

m Can also be confused with ventricular ectopic beats, but the PR interval is usually constant
and left bundle branch block has no pulse deficits.

E DIAGNOSTICS

Imaging

® Echocardiography may reveal structural heart disease; absence of left-sided heart enlarge-
ment supports a diagnosis of left bundle branch block.

® Thoracic and abdominal radiographs may show masses or pulmonary metastatic lesions.

® Traumatic injuries could result in localized or diffuse pulmonary densities.

Diagnostic Procedures
m Electrocardiography.
® [ ong-term ambulatory monitoring (Holter) may reveal intermittent left bundle branch block.

Pathologic Findings

® Possible lesions or scarring on endocardial surface in the path of the bundle branches;
applying Lugol's iodine to the endocardial surface within 2 hours postmortem enables
clear visualization of the conduction system.

Q) THERAPEUTICS

Drugs of Choice

= None, unless required for management of underlying condition.

Diet

= No modifications unless required for management of underlying condition.

Activity

® Unrestricted unless required for management of underlying condition.

Appropriate Healthcare

® Directed toward the underlying cause.
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Nursing Care

® Generally not necessary.

COMMENTS

Client Education

® [ eft bundle branch block per se does not cause hemodynamic abnormalities.
m Lesion causing the block could progress, leading to more serious arrhythmias or complete
heart block.

Patient Monitoring

m Serial ECG may show clearing or progression to complete heart block.

Possible Complications

m  Causative lesion could progress, leading to a more serious arrhythmia or complete heart block.
m First- or second-degree AV block may indicate involvement of the right bundle branch.

Expected Course and Prognosis

= No hemodynamic compromise.

Abbreviations

AV: atrioventricular
ECG: electrocardiogram

See Also

Atrioventricular Block
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Bundle Branch

Block — Right

] DEFINITION /OVERVIEW

® Conduction delay or block in the right bundle branch resulting in late activation of the
right ventricle.

® The block can be complete or incomplete.

Electrocardiogram Features

= A right axis deviation and wide QRS (=0.08 s in dogs; >0.06 s in cats) in most patients.
® Large, wide S waves in leads I, II, III, and aVF (Figs 13.1, 13.2).

(3 ETIOLOGY/PATHOPHYSIOLOGY

® The right bundle branch is anatomically vulnerable to injury because it is a thin strand of
tissue and has a long undivided course.
= No hemodynamic compromise.

| It [} avR avL avF CV,RL

s

e

3
HH:
HT

M Fig. 13.1. Right bundle branch block in a dog. The electrocardiographic features include QRS duration of 0.08 s;
positive QRS complex in aVR, aVL, and CV,RL (M shaped); and large wide S waves in leads |, II, lll, and aVF. There is a
right axis deviation (approximately —110°) (50mm/s, 1cm 5 1 mV). Source: Tilley 1992, reproduced with permission of
John Wiley and Sons Inc.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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| I ] avR avL aVvF CVsRL CV.LU

1
T
HE

HE

M Fig. 13.2. Right bundle branch block in a cat with the dilated form of cardiomyopathy. The QRS duration is 0.08 s
(4 boxes). Large and wide S waves are present in leads |, Il, Ill, aVF, and CV,LU. The QRS in CV,RL has a wide R wave
(M shaped). There is a marked axis deviation (approximately —90°). Source: Tilley 1992, reproduced with permission
of John Wiley and Sons Inc.

Risk Factors/Causes

Occasionally seen in normal and healthy dogs and cats
Congenital heart disease

Chronic valvular fibrosis

After surgical correction of a cardiac defect

Trauma caused by cardiac needle puncture to obtain blood sample
Trauma from other causes

Chronic infection with Trypanosoma cruzi (Chagas’ disease)
Neoplasia

Heartworm disease

Acute thromboembolism

Cardiomyopathy

Hyperkalemia (most commonly in cats with urethral obstruction)

Systems Affected

Cardiovascular

Fl SIGNALMENT/HISTORY

Species

Dogs and cats.

Breed Predilections

In beagles, incomplete right bundle branch block can result from a genetically determined
localized variation in right ventricular wall thickness.
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Historical Findings

® Usually an incidental ECG finding — does not cause hemodynamic abnormalities.
® Observed signs are usually associated with the underlying condition.

Q CLINICAL FEATURES

Physical Examination Findings

m Splitting of heart sounds because of asynchronous activation of ventricles in some patients.
® Does not cause signs of hemodynamic compromise.

(SZ DIFFERENTIAL DIAGNOSIS

® Right ventricular enlargement — absence of right ventricular enlargement on thoracic
radiographs or echocardiogram supports a diagnosis of right bundle branch block.

® It can also be confused with ventricular ectopic beats (especially if the block is intermit-
tent), but PR intervals are consistent and no pulse deficits with right bundle branch block.

E DIAGNOSTICS

Complete Blood Count/Biochemistry/Urinalysis

= None specific.
® Serum potassium may be extremely high in cats with urethral obstruction.

Other Laboratory Tests

® Occult heartworm test may be positive in dogs or cats.
® Chagas’ indirect fluorescent antibody test, direct hemagglutination, and complement fixa-
tion test may be positive in dogs.

Imaging

® Echocardiogram may show structural heart disease; absence of right-sided heart enlarge-
ment supports the diagnosis.

® Thoracic and abdominal radiographs may show masses or pulmonary metastatic lesions;
traumatic injuries could cause localized or diffuse pulmonary densities.

Diagnostic Procedures

m Electrocardiography
® Echocardiography



CHAPTER 13 BUNDLE BRANCH BLOCK - RIGHT 91

Pathologic Findings

® Possible lesions or scarring on endocardial surface in the path of the bundle branches;
applying Lugol’s iodine to the endocardial surface within 2 hours postmortem gives clear
visualization of the conduction system.

Q) THERAPEUTICS

Drugs of Choice

= None, unless needed to manage underlying condition.

Diet

= No modifications unless required to manage underlying condition.

Appropriate Healthcare

® Direct treatment toward the underlying cause.

COMMENTS

Client Education

® Does not cause hemodynamic abnormalities itself.
® The lesion causing the block could progress, leading to more serious arrhythmias or com-
plete heart block.

Patient Monitoring

m Serial ECG may show resolution of the lesion or progression to complete heart block.

Possible Complications

® The causative lesion could progress, leading to a more serious dysrhythmia or complete
heart block.
m First- or second-degree AV block may indicate involvement of the left bundle branch.

Expected Course and Prognosis

= No hemodynamic compromise.

Abbreviations

AV:  atrioventricular
ECG: electrocardiogram
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chapter 14

Canine Distemper

DEFINITION/OVERVIEW

® Canine distemper virus (CDV) infection is among the most serious, contagious, systemic
infections affecting dogs worldwide.

® In nature, the virus is found in a multitude of species. Because of its presence through
many species, opportunity for eradication is minimal.

® Vaccination is highly effective and recommended for all dogs, beginning at 6-8 weeks of
age.

[~ ETIOLOGY/PATHOPHYSIOLOGY

Caused by an RNA virus of the genus Morbillivirus.

® Found in a wide range of carnivores; dogs serve as the principal reservoir for CDV and
may be an important source of virus transmitted to wildlife.

m Viral shedding begins about 7 days post infection and may be sustained for up to 60-90
days.

® Transmission occurs most commonly through infectious respiratory secretions but can be
found in most tissues and other secretions of infected animals, including urine.

® Spontaneous infections are most likely to occur in puppies between 3 and 6 months of
age.

m Subclinical infection is relatively common; therefore the prevalence of infection is
higher than that of clinical disease. As a result, risk for infection in highest among
puppies that (a) have contact with other young dogs, (b) do not receive an initial
vaccine series, and (c) are colostrum deprived (i.e., fail to receive maternally derived
antibody). (NOTE: protection afforded by maternally derived canine distemper anti-
body persists until about 9-12 weeks of age in puppies with a normal nursing history.
Depending on the antibody titer of the bitch, the duration of protective immunity may
be more or less than expected.)

® CDV can be isolated from most tissues/fluids of infected dogs, although epithelium and
CNS tissues are preferentially targeted.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion website: www.fiveminutevet.com/emergency
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® Virus is widely disseminated throughout lymphoid tissues by 6 days post infection; virus
shedding occurs by 14 days post infection, even in dogs with subclinical infection.

® Clinical consequences of CDV infection are largely defined by the degree and type of
immune response the patient is able to mount.

® By 9-14 days post infection, dogs that mount a poor immune response experience wide-
spread dissemination of virus that involves the intestinal epithelium, exocrine and endo-
crine glands, respiratory tract, genitourinary tract, and even skin.

® Acute CDV encephalitis can follow hematogenous spread of virus into the CNS and is
most likely to occur in young or immunosuppressed dogs.

m Acute CDV encephalitis is associated with a poor prognosis for recovery.

m CDV encephalitis also occurs as a subacute or chronic infection and is associated with
reduced viral replication in the CNS, a relatively strong humoral immune response, and
lack of lymphoid cell depletion.

® The ability of virus to persist in the CNS may be associated with what is now described
as an uncommon consequence of infection, “old dog encephalitis” (ODE) or “old dog
distemper.”

® Old dog encephalitis is a noncontagious variant of CDV infection that is associated with
progressive inflammatory disease involving gray matter of the cerebral hemispheres and
brainstem.

® Minor genetic variations of CDV have been recognized that may explain the variation in
virulence seen in dogs. For example, the Snyder Hill strain of CDV is neurotropic and
causes polioencephalomyelitis. Despite this variation, CDV isolates remain serologically
homogeneous.

Fl SIGNALMENT/HISTORY

m There is no age, breed, or gender predilection for CDV infection following exposure.

® Most infections do occur in puppies, particularly those that have not nursed, have an
inadequate vaccination history, or have been group-housed with other dogs (e.g., shelters
or pet stores).

= Although transmission typically occurs following exposure to infectious respiratory secre-
tions, neonatal infections can result following transplacental transmission of CDV.

m  Affected puppies may be aborted, stillborn, or weak at birth.

® Neurologic signs develop in affected neonates following transplacental exposure between
4 and 6 weeks of age, despite mild to inapparent signs in the bitch.

Historical Findings

= Owners of puppies with clinical signs caused by CDV report rapid onset of deterioration
(days) in a previously healthy dog.

® Clinical signs of CDV can include lethargy, loss of appetite, vomiting, diarrhea, and thick
(purulent) nasal/ocular discharge.
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Q CLINICAL FEATURES

® Clinical signs of CDV infection are seldom pathognomonic during initial physical exami-

nation.

Systemic signs range from mild (lethargy) to severe (seizures).

The spectrum of acute-onset clinical signs includes fever, dehydration, purulent nasal
and ocular discharge (Fig. 14.1), cough, respiratory distress, conjunctivitis, vomiting, and
diarrhea, which may be liquid in consistency and may contain frank blood or mucus.
Dogs that survive acute systemic disease can develop a variety of clinical signs.

Skin lesions include pustular dermatitis in puppies, nasal and digital (“hard pad”) hyper-
keratosis, and juvenile cellulitis.

® Neurologic signs may develop as early as 1-3 weeks following recovery from systemic ill-
ness; onset of neurologic signs may be delayed for several weeks or months.

m Depending on the area of the CNS affected, signs include hyperesthesia or cervical rigid-
ity (meningitis), seizures, vestibular signs, ataxia, paresis, and myoclonus (involuntary
muscle twitching).

® Bone lesions have been associated with CDV infection in large-breed dogs between 3 and
6 months of age. Long bone lesions consistent with HOD have been associated with CDV
infection and with administration of modified-live virus vaccine.

m Ocular lesions associated with CDV infection may develop after recovery from acute
systemic disease and include sudden blindness and persistent mydriasis (optic neuri-
tis), retinal detachment, inactive, circumscribed areas of retinal hyperreflectivity (“gold
medallion lesions”), and keratoconjunctivitis sicca (“dry eye”).

M Fig. 14.1. Conjunctivitis, rhinitis, and facial dermatitis in a 2-year-old, unvaccinated, moribund dog at presentation;
acute canine distemper was confirmed.
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M Fig. 14.2. Enamel hypoplasia in a young dog that recovered from canine distemper virus infection.

Enamel hypoplasia, occasionally seen in adult dogs, is evidence of prior CDV infection
(Fig. 14.2).

(\(37 DIFFERENTIAL DIAGNOSIS

Because of the wide spectrum of tissues affected, dogs with CDV infection are difficult to
identify on the basis of clinical signs alone.

Canine infectious tracheobronchitis is a common differential diagnosis for CDV infection
in dogs of any age, particularly in nonvaccinates.

Because of the prevalence of neurologic signs associated with CDV infection and the pre-
dilection for disease to develop in nonvaccinated puppies, rabies must be considered a
principal differential diagnosis.

E DIAGNOSTICS

Clinical signs of systemic illness consistent with distemper can lead to a presumptive diag-
nosis in puppies 3—6 months of age.

= Confirmation of CDV infection is more problematic, especially in adult dogs.
® Routine hematology and biochemistry panels may reflect the degree of systemic illness but

are not diagnostic for CDV infection.

Examination of peripheral blood smears or exfoliative cytology (e.g., conjunctival scrap-
ings) for intracellular distemper inclusion bodies is highly diagnostic, particularly in the
early stages of infection (Fig. 14.3). (NOTE: use of a quick Romanowsky-type stain is rec-
ommended over conventional Wright-Giemsa stains for elucidating distemper inclusions.)
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M Fig. 14.3. Dark blue-staining distemper virus inclusion body within the cytoplasm of a neutrophil (at the 2 o’clock
position) of an unvaccinated dog with acute distemper; the slide was stained with a commercial Diff-Quik stain (recom-
mended) to elucidate inclusion bodies.

m Detection of elevated levels of distemper-specific IgG in CSF is diagnostic of infection.
Distemper vaccination does not cause increased levels of CSF antibody. Detection of ele-
vated levels of distemper-specific IgG in serum (virus neutralization), however, is indica-
tive of protection but is not diagnostic of infection.

® Although availability is limited, advanced diagnostic techniques such as immunohisto-
chemistry and detection of CDV RNA in whole blood, serum, and CSF can be used for
antemortem diagnosis of distemper.

Pathologic Findings

= A wide range of postmortem findings are described in dogs that die from CDV infection.

= Common gross lesions include pneumonia, catarrhal enteritis, and evidence of rhinitis,
conjunctivitis, and tracheobronchitis. Gross CNS lesions are uncommon.

® Histopathology of CNS tissue demonstrates encephalitis and neuronal demyelination with
or without perivascular inflammation.

®m CDV inclusions are typically found in epithelium of mucous membranes and urinary
bladder, leukocytes, and neurons from 5 to 6 weeks post infection.

sy THERAPEUTICS

® Treatment is limited to supportive therapy intended to reduce mortality.
® Dogs with advanced CNS signs have a poor prognosis for recovery; recommendation for
euthanasia may be justified.
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Supportive care typically includes oral or intravenous antimicrobials, fluid replacement,
and analgesics.
Treatment options for neurologic signs are limited and less likely to be effective.

COMMENTS

Client Education

Clients who have experienced canine distemper infection in a pet should understand the
importance of administering distemper vaccination prior to bringing a new dog into the
environment, especially if it has been less than 1 month from the time of diagnosis or death.
CDV does not reside in the environment for extended periods and common disinfectants
are effective in killing virus.

Dogs that recover from the acute systemic illness may shed CDV for 1-2 weeks and there-
fore pose a significant risk to susceptible dogs.

Prevention/Avoidance

Vaccination of all dogs against CDV is recommended.

Two vaccine types are available: MLV and rCDV. There are no killed CDV vaccines.
Current (revised) vaccination recommendations stipulate that puppies should receive a
dose of CDV (usually in combination with parvovirus and adenovirus-2) at 3—4-week
intervals beginning as early as 6 weeks of age and ending not earlier than 15-16 weeks of
age, regardless of the product used.

All dogs should be revaccinated 1 year following administration of the last dose in the
initial series. All commercial vaccines provide sustained immunity that lasts several years;
vaccination of adult dogs every 3 years is recommended.

In high-exposure risk environments and in the face of an outbreak (e.g., shelters), early
vaccination beginning at 3 weeks of age, and every 2 weeks thereafter, is indicated until
15-16 weeks of age.

Maternal antibody interference of vaccine is the most common cause of immunization
failure when using MLV CDV vaccine.

Recombinant distemper (rDistemper) vaccine has been shown to immunize puppies in
the face of maternal antibody and may provide a significant advantage over MLV vaccines
in high-risk environments.

Abbreviations

CDV: canine distemper virus

CNS: central nervous system

CSF:  cerebrospinal fluid

HOD: hypertrophic osteodystrophy
IgG: immunoglobulin G
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MLV: modified-live virus
rCDV: recombinant canine distemper virus
RNA: ribonucleic acid
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chapter 4 B Cardiopulmonary Arrest
and Cardiopulmonary

Resuscitation

] DEFINITION/OVERVIEW

m Cessation of effective perfusion and ventilation due to the absence of coordinated cardiac
and respiratory function. In veterinary patients, respiratory arrest is most common. Car-
diac arrest invariably follows respiratory arrest if not recognized and corrected.

® Cardiopulmonary resuscitation (CPR) and cardiopulmonary cerebral resuscitation
(CPCR) are used interchangeably. Although CPCR is a more descriptive term, CPR is
more widely recognized.

[~ PATHOPHYSIOLOGY/ETIOLOGY

® Generalized or cellular hypoxia may be the cause or effect of sudden death.

m After 1-4 minutes of airway obstruction, breathing efforts stop while circulation remains
intact.

m If obstruction continues for 6-9 minutes, severe hypotension and bradycardia lead to
dilated pupils, absence of heart sounds, and lack of palpable pulse.

= After 6-9 minutes, myocardial contractions cease even though the ECG may look normal
(PEA; also known as EMD).

® Ventricular fibrillation, ventricular asystole, and PEA are rhythms indicating cessation of
myocardial function.

Systems Affected

m All systems are affected, but those requiring the greatest supply of oxygen and nutrients
are affected first.
* Cardiovascular
e Renal
* Neurologic

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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o
i-' | SIGNALMENT/HISTORY
= Any age, breed, or sex.
m Risk of cardiopulmonary arrest is directly related to underlying disease present in
patient.
Signs
® [ oss of consciousness
= Dilated pupils
® Cyanosis
® Agonal gasping or absence of ventilation
m Absence of peripheral pulses
= Hypothermia
® Absence of auscultable heart sounds
® Absence of palpable heartbeat
||

Lack of response to stimulation

Risk Factors/Causes

Cardiovascular disease

Respiratory disease

Trauma

Anesthesia

Sepsis

Endotoxemia

Ventricular dysrhythmias (ventricular tachycardia, R on T phenomenon, multiform)
Increased parasympathetic tone (gastrointestinal disease, respiratory disease, manipula-
tion of eyes, larynx, or abdominal viscera)

Prolonged seizures

Invasive cardiovascular manipulation (pericardiocentesis, surgery, angiography)
Hypoxemia caused by ventilation-perfusion mismatch, diffusion impairment, hypoventi-
lation, or shunting

Poor oxygen delivery due to anemia or vasoconstriction

Myocardial disease: infectious, inflammatory, infiltrative, traumatic, neoplastic, or embolic
Acid-base abnormalities

Electrolyte derangements: hyperkalemia, hypocalcemia, and hypomagnesemia
Hypovolemia

Shock

Anesthetic agents

CNS trauma

Electrical shock
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(g DIFFERENTIAL DIAGNOSIS

Severe hypovolemia and absence of palpable pulses.

Pericardial effusion, decreased cardiac output, and muffled heart sounds.

Pleural effusion with respiratory arrest.

Respiratory arrest can be confused with CPA.

Upper airway obstruction can rapidly progress to CPA.

Sudden cardiovascular collapse associated with inadequate cardiac output can lead to
severe consequences.

E DIAGNOSTICS

Quick assessment and diagnosis of CPA is critical.
Assess the ABCs: airway, breathing, and circulation.

Complete Blood Count/Biochemistry/Urinalysis

May be beneficial in identifying an underlying or contributing cause to CPA but should
not be part of initial triage of patient.

Other Laboratory Tests

® Blood gas evaluation may be useful during or after resuscitative procedures but again is
not part of initial emergency management.

® Venous blood gas analysis provides an excellent emergency metabolic profile which
includes electrolyte and lactate concentrations.

® Venous blood gas analysis may be more beneficial during resuscitation than arterial blood
gas.

Imaging

® Thoracic radiographs may help identify underlying disease processes but should only be

considered when the patient has been stabilized.

m FAST (TFAST and AFAST) ultrasound will be helpful in assessing underlying disease.
® Echocardiography may confirm pericardial effusion or underlying myocardial disease but

should not interfere with resuscitative procedures.

Diagnostic Procedures

Once CPA has developed, continuous ECG, blood pressure monitoring, pulse oximetry,
and capnography should be implemented; thoracic auscultation may be useful in moni-
toring effectiveness of resuscitative procedures.
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0 THERAPEUTICS

CPR should be instituted immediately upon diagnosing CPA. CPR can be divided into
basic life support and advanced life support.

Basic Life Support

Recommendations from the American Heart Association (2010 guidelines) have sug-
gested chest compressions be started immediately following CPA. The rationale is based
on the importance of perfusion during the initial phases of CPA compared to oxygenation/
ventilation.

While theoretically this may not be applicable to veterinary patients as respiratory arrest
is usually the initiating event, veterinary RECOVER guidelines recommend prompt and
immediate intervention with thoracic compressions.

: Airway

Assessment: the airway should be visualized by extending the patient’s head and neck and
pulling the tongue forward. Any debris such as secretions, blood, or vomitus should be
cleared manually or with suction.

Establish: an airway should be established either via per oral endotracheal intubation or,
if complete obstruction exists, emergency tracheotomy.

B: Breathing

Assessment: confirm animal is not breathing.

Institute manual/artificial ventilation: administer two short breaths approximately 2 sec-
onds duration each and reassess. If spontaneous respiration does not occur, continue
ventilations at a rate of 10 breaths/minute. Techniques for ventilation include mouth to
mouth, mouth to nose, or mouth to endotracheal tube. These techniques provide approxi-
mately 16% oxygen. The use of an Ambu bag and room air provides 21% oxygen.

The preferred technique is endotracheal intubation and ventilation with 100% oxygen
using an Ambu bag or anesthesia machine. The suggested rate of oxygen administration
is 150 mIL/kg/min.

The “Gen Chung” maneuver involves placement of a needle through the point of the nasal
philtrum to the level of the periosteum and twisting. The stimulus can aid in reestablish-
ing spontaneous respiration (Fig. 15.1).

C: Circulation

Assessment: palpate peripheral pulses and auscultate heart to confirm CPA. Significant
time should not be used if patient is nonresponsive and apneic.

External cardiac massage has been shown to provide, at best, about 30% of normal car-
diac output. Internal cardiac massage has been shown to be 2-3 times more effective in
improving cerebral and coronary perfusion.

Hemodynamic studies in animal models suggest that several different mechanisms exist
for the generation of blood flow (artificial systole) during chest compressions. During
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M Fig. 15.1. Placement of a needle through the nasal philtrum to the level of the periosteum in an attempt to stimu-
late spontaneous respiration.

external cardiac massage, the cardiac pump theory takes advantage of direct compression
of the heart in animals less than 7 kg. In animals larger than 7 kg, the thoracic pump the-
ory is used. This technique utilizes increases in intrathoracic pressures to increase cardiac
output via the major arteries.

Compression/Ventilation Techniques

Chest compressions should be performed rapidly at a rate of between 100 and 120 com-
pressions per minute. The chest should be displaced approximately 30%.

Compressions performed to the music “Staying Alive” provide a compression rate of
approximately 100 compressions per minute.

Hemodynamic studies in animal models suggest that several different mechanisms exist
for the generation of blood flow (artifical systole) during chest compressions.

In animals less than 7 kg body weight, the cardiac pump mechanism should be utilized.
This technique takes advantage of direct mechanical compression of the heart. With the
animal in right lateral recumbency, compressions are performed directly over the heart
(intercostal spaces 3-5). This can be done using one or two hands.

In animals larger than 7 kg body weight, the thoracic pump mechanism should be utilized.
This technique takes advantage of increased intrathoracic pressure to increase blood flow
via the great vessels. With the animal in right lateral, thoracic compressions are applied at
the widest portion of the thorax (Fig. 15.2).

If using asynchronous ventilation and compression, one breath is given following every
five compressions.

If using synchronous ventilation and compression, one breath is given simultaneously
with every fourth to fifth compression.
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M Fig. 15.2. Demonstration of the thoracic pump, in which compressions are performed over the widest portion of
the thorax. In this image, an assistant is also performing interposed abdominal compressions to help increase venous
return during the time when the thorax is not compressed.

® Interposed abdominal compressions between chest compressions have been shown to
increase venous return and enhance cerebral and coronary blood flow by increasing aortic
diastolic pressure.

Open Chest Cardiopulmonary Resuscitation

® Indicated if closed chest CPR is ineffective or preexisting conditions such as flail chest, obesity,
diaphragmatic hernia, pericardial effusion, etc. preclude effective closed chest techniques.

m Performed through a left thoracotomy at the fourth to fifth intercostal space (Fig. 15.3).

M Fig. 15.3. The heart within the pericardial sac during open chest cardiopulmonary chest resuscitation. Visualize
the phrenic nerve over the dorsal portion of the pericardium and avoid damage to the phrenic nerve by incising the
pericardium at the apex of the heart, then ripping the pericardium with your fingers until the heart can be extracted
from the pericardial sac for direct cardiac compressions.
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A pericardectomy should be performed.

The palmar surface of the fingers and thumb are used to milk the ventricular blood toward
the great vessels. Digital compression of the descending aorta may help perfusion of the
cerebral and coronary arteries.

Advanced Life Support

D: Drugs

" B EBEmM

H E E T

Drug selection is based on the arrhythmia that is present.
Atropine and epinephrine are most often the correct selections.

: Electrocardiogram

Accurate ECG interpretation is imperative.
Try to minimize cessation of thoracic compressions when evaluating ECG.
Most common arrhythmias are asystole and PEA.

: Fibrillation Controls and Fluids

Defibrillation is time dependent and must be performed immediately.

Fluids should be administered cautiously.

Aggressive volume resuscitation should not be used unless hypovolemia is thought to be
a contributing factor in CPA.

Volume overload can lead to decreased coronary artery perfusion; therefore, intravenous
fluids are contraindicated unless relative (i.e., sepsis or anesthetic gases) or absolute (i.e.,
hemorrhage, severe volume loss due to vomiting, diarrhea, or wound exudates) hypovo-
lemia is present.

Drugs of Choice

® The selection of drugs is based on the arrhythmia present.
m Epinephrine: (low dose) 0.01 mg/kg IV repeated every 3—5 minutes.

* High dose (not recommended) 1 mL (1 mg/mL) undiluted per 10 kg body weight can
be used in refractory cases.
* Low dose (recommended) 1 mL (1 mg/mL) diluted 1:10 per 10kg body weight.

® Atropine: 0.04mg/kg IV repeated every 3—5 minutes for maximum of three doses.
® Vasopressin: 0.8 U/kg IV; may be used in refractory cases.
® Drugs may be administered via central vein, intratracheal, intraosseous, or peripheral vein

in descending order of preference. Intratracheal administration requires double the calcu-
lated volume to be delivered. Sodium bicarbonate should never be administered into the
trachea.
Acronym for drugs that can safely administered via the intratracheal route is:

NAVLE — Naloxone, Atropine, Vasopressin, Lidocaine, Epinephrine.
Blind intracardiac injection is contraindicated, as injection directly into the myocardium or
damage to the coronary arteries can occur.
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COMMENTS

Comparative Cardiopulmonary Resuscitation

Current recommendations of the American Heart Association include defibrillation as a
component of basic life support. This is unlikely to be useful for veterinary patients unless
ventricular fibrillation is confirmed. The most common rhythm associated with cardiac
arrest in humans is ventricular fibrillation, whereas the most common rhythm in veteri-
nary patients that leads to cardiac arrest is PEA or asystole.

If a defibrillator is not available, and ventricular fibrillation is observed, a precordial thump,
a rapid compression or bump with a fist on the patient’s sternum, can be performed.

Postresuscitation Patient Monitoring

Maintain heart rate and blood pressure with fluids and inotropic agents.

Monitor arterial blood pressure.

Monitor central venous pressure.

Blood gas analysis.

Support respiration with artificial ventilation and supplemental oxygen.

Continued neurological assessment. If signs of increased intracranial pressure, consider
mannitol and furosemide.

Continued monitoring of ECG.

Monitor urine output.

Monitor body temperature.

Radiograph thorax to assess resuscitative injury such as rib fractures or pulmonary contu-
sions. Noncardiogenic pulmonary edema can occur secondary to airway obstruction.
Diagnose and correct factors that lead to initial CPA.

Possible Complications

Vomiting

Aspiration pneumonia

Fractured ribs or sternebrae
Pulmonary contusions and edema
Pneumothorax

Acute renal failure

Neurologic deficits

Cardiac dysrhythmias

Expected Course and Prognosis

Prognosis is dependent on the underlying disease process.
Rapid return to spontaneous cardiac and respiratory function improves prognosis.
Overall prognosis is poor with less than 10% of patients being discharged.
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Synonyms

®m  Cardiac arrest
®m Heart attack

Abbreviations

AFAST: abdominal cavity FAST

CNS:  central nervous system

CPA:  cardiopulmonary arrest

CPCR: cardiopulmonary cerebral resuscitation
CPR:  cardiopulmonary resuscitation

ECG: electrocardiogram

EMD: electrical-mechanical dissociation
FAST: focused assessment with sonography in trauma
IV: intravenous

PEA:  pulseless electrical activity

TFAST: thoracic cavity FAST
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Cholecalciferol -

Rodenticide Toxicity

DEFINITION/OVERVIEW

= Cholecalciferol, the chemical name for vitamin D, is one of the most deadly toxicants
to pets due to its narrow margin of safety. Cholecalciferol is expensive to treat (typically
requiring 2-5 days of hospitalization) and can predispose the patient to long-term effects
of chronic renal failure (CRF).

® Sources of vitamin D3 include over-the-counter (OTC) or prescription vitamins (typically
found in a calcium/vitamin D3 combination), psoriasis creams (in the form of calcipotri-
ene), inappropriate supplementation in pet food, and rodenticides.

m Ingestion of toxic levels of cholecalciferol can result in severe hypercalcemia and hyper-
phosphatemia, with secondary acute kidney injury (AKI) developing as a result of dystro-
phic mineralization to the soft tissue and kidneys.

® The toxic dose of cholecalciferol is 0.1-0.5 mg/kg. One international unit (IU) of vitamin
D, is equivalent to 0.025ng of cholecalciferol; alternatively, 401U is the equivalent of 1ng
of vitamin D,

® Clinical signs and clinicopathologic findings seen with cholecalciferol toxicosis include
generalized malaise, anorexia, vomiting, polyuria, polydipsia, and dehydration. As the
toxicosis progresses, hypercalcemia, hyperphosphatemia, azotemia, uremic halitosis,
hemorrhagic diarrhea, melena, weight loss, and chronic wasting can occur.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Due to new EPA mandates, many anticoagulant rodenticides will be replaced by chole-
calciferol and bromethalin (see Bromethalin Rodenticide Toxicity for more information).

® Cholecalciferol-containing rodenticides have a very narrow margin of safety. In dogs,
cholecalciferol has an LD, of 88mg/kg (based on the rodenticide concentration of
0.075%). Doses of vitamin D, >0.1-0.5mg/kg can result in clinical signs and hypercal-
cemia, respectively.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion website: www.fiveminutevet.com/emergency
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Cholecalciferol results in increased calcium absorption from the GIT, reduced renal excre-
tion of calcium, increased calcium absorption in the renal distal tubules, and increased
resorption of calcium from the bone.

When Ca x P >70, soft tissue mineralization occurs to the kidneys, GIT, cardiac muscle,
skeletal muscle, blood vessels, and ligaments, resulting in decreased functional capacity
or structural damage.

Cholecalciferol is rapidly absorbed following oral exposure.

Cholecalciferol and its metabolites are fat soluble and have a wide volume of distribution.
The half-life is 19-25 hours, with the terminal half-life lasting for weeks to months.
Cholecalciferol undergoes enterohepatic recirculation.

Clinical signs of cholecalciferol toxicosis can be seen within 4-36 hours, and can last for
weeks due to the slow release from adipose tissue.

Systems Affected

Gastrointestinal: vague GI signs can be seen acutely within several hours after ingestion.
Renal/urologic: AKI secondary to dystrophic mineralization in the kidneys can be seen
acutely within 12-48 hours after ingestion.

Cardiovascular: arrhythmias can develop due to dystrophic mineralization of the myo-
cardium or changes in the ratio of intracellular to extracellular ion concentrations and a
change in the depolarization threshold.

Nervous: with severe electrolyte abnormalities, seizures can be seen.

Respiratory: decreased lung compliance due to pulmonary calcification.

Fl SIGNALMENT/HISTORY

Risk Factors

Puppies and younger dogs appear to be overrepresented with poisoning due to their curi-
ous nature.

Puppies are more sensitive to cholecalciferol toxicosis than adults.

Cats are more sensitive to cholecalciferol toxicosis than dogs.

Neonates, geriatric patients, or those with underlying disease (e.g., renal disease, hyper-
parathyroidism, hypercalcemia of malignancy, etc.) are more at risk with cholecalciferol
toxicosis.

Historical Findings

Evidence of a rodenticide container or bait that has been tampered with or chewed.
History of having green or blue coloring (multiple colors available) in the feces several
days before.

Clinical signs consistent with cholecalciferol toxicosis (see Clinical Features).
Clinicopathologic findings of azotemia, hypercalcemia, and hyperphosphatemia.
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Q CLINICAL FEATURES

® Gastrointestinal: initial clinical signs include anorexia, hypersalivation, and vomiting. As
AKI develops, more profound signs of uremic ulcers, uremic halitosis, hematemesis, diar-
rhea, hematochezia, melena, and abdominal pain may be seen.
® Renal/urologic.
 Electrolyte abnormalities can be seen as early as 12 hours post ingestion. Typically,
hyperphosphatemia is seen first, followed by hypercalcemia.
e AKI is typically seen 24-48 hours post ingestion, but may be seen as early as 12
hours.
* GI signs, along with polyuria, polydipsia, oliguria/anuria, and renomegaly, may be
seen.
® Cardiovascular.
* Bradyarrhythymias
* Tachyarrhythmias
e ECG changes (e.g., prolonged PR interval, shortened QT interval)
= Nervous.
e Lethargy
e Depression
e Seizures
= Respiratory.
e Tachypnea
* Compensatory respiratory alkalosis secondary to uremic metabolic acidosis
e Panting

(-y DIFFERENTIAL DIAGNOSIS

= In patients presenting with AKI, other nephrotoxicants such as ethylene glycol, Vitus spp.
(e.g., grapes, raisins), NSAIDs, etc. should be ruled out.

® In patients presenting with hypercalcemia, other differential diagnoses such as primary
hyperparathyroidism, hypoadrenocorticism, CRE hypercalcemia of malignancy, idiopathic
hypercalcemia of cats, osteolytic bone disease, granulomatous disease, juvenile hypercal-
cemia, or inappropriate supplementation should be ruled out.

E DIAGNOSTICS

® Due to the narrow margin of safety seen with cholecalciferol rodenticide, all ingestions
should generally be considered toxic. If an ingestion approaching a hypercalcemic dose
has occurred, baseline blood work should include the following.
e CBC
* Biochemistry panel



112 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

 Urinalysis (including pretreatment urine specific gravity)
* Venous blood gas
* lonized calcium
® Clinicopathologic findings may include hemoconcentration secondary to dehydration,
anemia (secondary to anemia of chronic disease, lack of erythropoietin, GI bleeding),
isosthenuria, azotemia, electrolyte disturbances, and the presence of a metabolic acidosis.
® In hospitalized patients, a PCV/TS, electrolytes, and renal panel (e.g., BUN, creatinine)
should be performed every 12-24 hours (typically for 2-4 days), then every 2-3 days
thereafter for the next 2—4 weeks (depending on the severity of hypercalcemia). The fluid
therapy plan and duration of hospitalization may need to be adjusted based on results of
clinicopathologic testing.
® Less common: if rodenticide exposure is not confirmed, additional testing to rule out pri-
mary hyperparathyroidism, hypercalcemia of malignancy, or other differential diagnoses
(e.g., PTH-1P level, radiographs, ultrasound, etc.) may be necessary.

Pathologic Findings

® Soft tissue mineralization to the kidneys, GIT, cardiac and skeletal muscles may be seen,
along with secondary changes from azotemia (e.g., oral or GIT ulceration, gastrointestinal
hemorrhage).

® Proteinaceous casts and microscopic renal lesions may be present.

THERAPEUTICS

® The mainstay therapy for cholecalciferol toxicosis is decontamination, aggressive IV fluid
therapy (e.g., 0.9% NaCl), treatment for hypercalcemia (e.g., pamidronate, calcitonin),
promotion of calciuresis (e.g., prednisone, furosemide), GI support (e.g., antiemetics, H,
blockers, sucralfate, phosphate binders, etc.), clinicopathologic monitoring, and symp-
tomatic supportive care.

® Treatment is often expensive and requires hospitalization for an extended period of time
(typically 2-5 days). Patients should ideally be hospitalized at a 24-hour facility during
treatment for this potentially life-threatening toxicant.

® Hypercalcemic patients should be continued on oral furosemide and prednisone for sev-
eral weeks, following discharge from the hospital. Blood work should be monitored every
2-3 days for 2-3 weeks to allow appropriate titration of the prednisone and furosemide
therapy, and to ensure that the patient does not develop secondary AKI or CRE

® Decontamination.

* Decontamination should include emesis induction, if ingestion was recent and the
patient is asymptomatic. Alternatively, due to the narrow margin of safety, gastric
lavage under sedation may be necessary.

e With recent ingestion in an asymptomatic patient, emesis induction and administra-
tion of one dose of activated charcoal (1-5 g/kg, PO) with a cathartic (e.g., sorbitol)
are warranted.
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* As cholecalciferol undergoes enterohepatic recirculation, the administration of mul-
tiple doses of activated charcoal (without a cathartic) is warranted (1-2 g/kg PO q6h
x 24 hours).

= Fluid therapy.

o Aggressive fluid rates (8-10mL/kg/h) of 0.9% saline is the mainstay therapy for cho-
lecalciferol toxicosis. The use of a high sodium-containing crystalloid is necessary
to promote calciuresis.

* Goals of fluid therapy should be based on physical examination findings (e.g., moist
mucous membrane, weight gain, etc.) and evidence of hemodilution (e.g., PCV/TS
35%/5 g/dL) and isosthenuria.

e Patients with underlying cardiopulmonary disease should be monitored appropri-
ately for volume overload.

e In patients presenting with hypercalcemia + AKI secondary to cholecalciferol toxi-
cosis, severe polyuria and polydipsia may be seen. Fluid therapy should be adjusted
based on calculated “ins and outs” and urine output (UOP).

® Treatment for hypercalcemia: drugs such as pamidronate or salmon calcitonin should be
implemented in hypercalcemic patients failing to respond to saline diuresis alone.
® Promotion of calciuresis.

* Once the patient has been adequately hydrated, the use of loop diuretics (e.g., furo-
semide) and corticosteroids (e.g., prednisone) should be implemented in hypercal-
cemic patients to help promote calciuresis.

e Due to the multiple doses of activated charcoal administered, oral medications
should not be used for at least 24 hours; parenteral dosing is imperative initially.

® Gastrointestinal support.

* Potent antiemetics should be used for patient comfort, to prevent aspiration pneu-
monia, to help prevent secondary complications from activated charcoal administra-
tion (e.g., emesis, aspiration of charcoal, hypernatremia, etc.), and to allow return to
oral intake as soon as possible.

e Phosphate binders should be used to help treat hyperphosphatemia.

* Gastroprotectants are necessary, especially in patients that are azotemic and may
have uremic ulcers throughout the GIT.

Drugs of Choice

® Bisphosphonates (to inhibit bone resorption and treat hypercalcemia): Pamidronate disodium
(1.3-2mg/kg 1V diluted in saline, slow over 2 hours x 1 dose). If calcium and phosphorus
levels do not decrease or rebound, a second dose can be given 3—7 days after the first dose.
® Calcitonin (to inhibit osteoclastic bone resorption and treat hypercalcemia): 4-6 U/kg, SQ
q8-12h, PRN.
® Furosemide (to promote calciuresis): 2-4mg/kg IV, SQ, PO q8-12h.
m Corticosteroids (to promote calciuresis).
* Dexamethasone 0.2-mg/kg IV q12h.
e Prednisone 1-2mg/kg PO ql2h.
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= Antiemetics.
* Maropitant (1 mg/kg SQ q24h; extra-label use in cats and via IV route).
e Ondansetron (0.1-0.5mg/kg IV q12h).
e Dolasetron (0.6 mg/kg IV q24h).
® Phosphate binders: aluminum hydroxide 30-100 mg/kg/day PO q8-12h.
® Gastric protectants.
* H, blockers (famotidine 0.5-1 mg/kg SQ, IV, PO q12-24h).
e Proton pump inhibitors (omeprazole 0.7-1mg/kg PO ql2-24h; pantoprazole,
0.7-1mg/kg IV q12-24h).
e Sucralfate (0.25-1g PO q6-8h).

Precautions/Interactions

= Salmon calcitonin can cause an anaphylactic reaction in animals hypersensitive to it. Prior
to use, this author recommends administering a small, diluted amount intradermally to
evaluate for the presence of erythema or a wheal.

Alternative Drugs

® Intravenous lipid emulsion (ILE) as an antidote (for fat-soluble toxicants) can be used for
the treatment of cholecalciferol toxicosis.

Diet

® A low-calcium, low-phosphorus diet should be fed to patients with AKI or CRE
®m Water (e.g., “baited” food) should be added to dry kibble in patients with AKI or CRF to
help increase oral water intake, if possible.

COMMENTS

Client Education/Prevention/Avoidance

= Owners should be educated to appropriately pet-proof the house. Education on crate
training is imperative.

® Pet owners should be educated to never use vitamin D rodenticides in a household con-
taining pets, due to the narrow margin of safety.

m Pet owners should be educated about other sources of vitamin D throughout the house-
hold (e.g., multivitamins, psoriasis creams, etc.).

= Owners and veterinary professionals should be advised to call veterinary-specific poison con-
trol centers for consultation with a veterinary toxicologist for life-saving advice as needed.

Possible Complications

= Patients with AKI secondary to cholecalciferol toxicosis are at increased risk for CRE Pet own-
ers should be cautioned about long-term effects and chronic management and monitoring.
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m Puppies are often overrepresented with cholecalciferol toxicosis; clinicopathologic moni-
toring may be difficult due to juvenile hypercalcemia.

Expected Course and Prognosis

m Overall, the prognosis for cholecalciferol toxicosis is fair to good in patients that respond
well to decontamination, aggressive fluid therapy, treatment for hypercalcemia, promotion
of calciuresis, and symptomatic supportive care. If hypercalcemia does not develop within
48-72 hours of hospitalization, the prognosis is good.

® Insituations where financial limitations may preclude treatment, the prognosis is poor to grave.

® In patients developing hypercalcemia and secondary AKI, the prognosis for long-term
outcome is fair to poor.

Synonyms

Calcipotriene
Dovonex

Calcitriol

Tomcat Vitamin D,®
Quintox®
Mouse-B-Gone®
Rampage®

Abbreviations

AKI: acute kidney injury
BUN:  blood urea nitrogen
CBC:  complete blood count

CRF: chronic renal failure

ECG:  electrocardiogram

GL: gastrointestinal

GIT: gastrointestinal tract

IM: intramuscular

1U: international units

IV: intravenous

NSAID: nonsteroidal antiinflammatory drug
OTC:  over the counter

PCV:  packed cell volume

PO: by mouth (per os)

PTH:  parathyroid hormone

PTH-rP: parathyroid hormone-related polypeptide
SQ: subcutaneous

TS: total solids

UOP:  urine output
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chapter 17

Chylothorax

] DEFINITION/OVERVIEW

® The accumulation of chyle in the pleural space.
Chyle is fluid that is absorbed by lacteals from the intestines. It is composed of mainly
lymph and triglycerides.

® Thoracic lymphangiectasia—dilated lymphatics. Occurs in many animals with chylothorax.

m Fibrosing pleuritis — condition that can be caused by chronic irritation of the pleurae by
chyle. It results in inflammation and thickening of the pleurae, which causes decreased
ventilatory capacity.

[~ ETIOLOGY/PATHOPHYSIOLOGY

®  Chyle flows from lymphatics in the mesentery to the cisterna chyli in the abdomen, which
then continues in the thorax as the thoracic duct. The thoracic duct empties into the
venous system.

= In most cases of chylothorax, abnormal flow or pressures in the thoracic duct are thought to
result in the exudation of chyle from dilated thoracic lymphatic vessels into the pleural space.

® Lymphangiectasia is believed to result from increased lymphatic flow (due to increased
lymph formation), decreased lymphatic drainage (due to high venous pressures), or the
simultaneous occurrence of both processes.

®m May be caused by any disease that increases systemic venous pressures (right-sided heart
failure, mediastinal neoplasia, cranial vena cava thrombi, or fungal granulomas).

® Thoracic duct rupture due to trauma is an uncommon cause of chylothorax in dogs and cats.

Incidence/Prevalence

® Unknown.

Geographic Distribution
= Worldwide.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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Species

= Dogs and cats.

Breed Predilection

® Dogs — Afghan hounds and Shiba Inus
® Cats — Asian breeds (e.g., Siamese and Himalayan)

Mean Age and Range

Any age can be affected.

Cats — may be more common in older cats (possibly associated with neoplasia).
Afghan hounds — middle-aged.

Shiba Inus — young (less than 1-2 years old).

Systems Affected

® Respiratory: chylous effusion or fibrosing pleuritis interferes with lung expansion.

® Cardiovascular: decreased intravascular fluid volume due to third spacing of fluid.

m Acid-base, electrolytes: can contribute to electrolyte derangements that include
hyponatremia and hyperkalemia due to third spacing of fluid.

-F' SIGNALMENT/HISTORY

Historical Findings

Most common presenting signs are respiratory difficulty or cough.
Sometimes duration of cough is months prior to examination.
Tachypnea.

Depression.

Anorexia.

Weight loss.

Exercise intolerance.

Physical Examination Findings

Mutffled heart and lung sounds

Increased bronchovesicular sounds in dorsal lung fields

Cyanosis

Pale mucous membranes

Decreased anterior thoracic compressibility in cats with cranial mediastinal mass and
pleural effusion
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If heart disease is present:
e Dysrhythmia
e Murmur
* Jugular pulses associated with right-sided heart failure

Risk Factors/Causes

® Cranial mediastinal masses (i.e., mediastinal lymphosarcoma, thymoma)

Heart disease (i.e., cardiomyopathy, pericardial effusion, heartworm infection, tetralogy of
Fallot, tricuspid dysplasia, cor triatriatum dexter)

Trauma

Fungal granuloma

Venous thrombus

Congenital abnormality of thoracic duct

Lung lobe torsion

Diaphragmatic hernia

Idiopathic (most common cause)

ﬂ DIFFERENTIAL DIAGNOSIS

®  Any cause of respiratory distress or coughing.
= Differential diagnoses for exudative pleural effusion include pyothorax, effusion from FIP,

neoplastic effusion, pseudochylous effusion, and chylous effusion.
Pseudochylous effusion is effusion that has a milky appearance due to a high cellularity,
but has a low triglyceride level and a high cholesterol level compared to serum.

E DIAGNOSTICS

Complete Blood Count/Chemistry/Urinalysis

Often normal.
May find lymphopenia and hypoalbuminemia.

Other Laboratory Tests

Pleural Fluid Analysis

Characteristics: milky and opaque, usually white in color but can range from yellow to
pink; may not appear milky in animals with long-term inappetance/anorexia (Fig. 17.1).
Protein content: inaccurate measurement on refractometer due to high lipid content.
Total nucleated count usually less than 10000 cells/uL.
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M Fig. 17.1. Thoracocentesis and chylous effusion in a cat with restrictive cardiomyopathy.

Fluid Cytology

® Mostly small lymphocytes or neutrophils.

= Nondegenerative neutrophils may be predominant cell type with chronic chylothorax due
to prolonged loss of lymphocytes or when multiple thoracocenteses result in inflammation.

m If abnormal lymphocytes are present, there may be underlying neoplasia.

Additional Tests

Fluid triglyceride concentration of chylous effusion is higher than serum triglyceride level.
Fluid cholesterol level is lower than or equal to serum cholesterol level.

Sudan III stain for lipid droplets.

Ether clearance test of fluid.

Occult heartworm test.

Viral serology (FeLV and FIV) in cats.

Imaging

Thoracic Radiography (Fig. 17.2)

® Repeat thoracic radiographs after thoracocentesis is performed to remove most of pleural
fluid.

m If atelectatic or consolidated lung lobes are noted after pleural fluid is removed, underly-
ing pulmonary parenchymal disease (e.g., lung lobe torsion, pneumonia, neoplasia) or
pleural disease (e.g., fibrosing pleuritis) should be suspected.
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M Fig. 17.2. Ventrodorsal thoracic radiograph of a cat with chylous pleural effusion and a cranial mediastinal mass.
Note the widening of the mediastinum cranial to the cardiac silhouette.

Ultrasonography

m Should be performed before removing fluid if possible as fluid can enhance visualization
of thoracic structures.

® Used to detect underlying cardiac disease, pericardial disease, and mediastinal masses.

Diagnostic Procedures

m Thoracocentesis allows characterization of fluid.

0 THERAPEUTICS

Drugs of Choice

= Rutin: 50-100 mg/kg PO every 8 hours.

* One study shows complete resolution of chylous effusion within 2 months of
therapy in at least 25% of patients. Since chylothorax resolves spontaneously in some
animals, more studies need to be performed to see what percentage of chylothorax
cases would have resolved without any treatment.
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Contraindications

Severe fibrosing pleuritis is associated with a grave prognosis; medical or surgical treat-
ment is unlikely to be beneficial. This occurs more commonly in cats than in dogs.

Medical Management

Immediate thoracocentesis for patients with respiratory difficulty and suspected pleural
effusion.

Treat underlying cause if possible.

Medical management with intermittent thoracocentesis when respiratory difficulty is
noted.

Perform thoracocentesis under aseptic conditions to reduce risk of iatrogenic infection.
Chest tubes only in patients with chylothorax due to trauma (rare), patients with rapid
fluid accumulation, or postoperative patients.

Rutin.

Low-fat diet; may decrease fat content in pleural effusion, which may improve fluid reab-
sorption from thoracic cavity and decrease chyle accumulation.

Some cases of chylothorax may resolve spontaneously in several weeks or months.

Most cases of chylothorax due to traumatic rupture of the thoracic duct resolve without
surgery within a few weeks.

Surgical Management

Recommended in patients who do not respond to medical management after 2-3 months.
Thoracic duct ligation.

* The theory is that after the thoracic duct is ligated, abdominal lymphaticovenous
anastomoses form for the transport of chyle to the venous system, bypassing the
thoracic duct.

 The thoracic duct has multiple branches in the caudal thorax; all of these branches need
to be occluded. A mesenteric lymphatic should be catheterized for lymphangiography —
facilitates visualization and complete occlusion of all branches of thoracic duct.

* Success rate reported to be approximately 50% in dogs.

* High incidence of continued or recurrent chylous or nonchylous effusion postop-
eratively.

Thoracic duct ligation and pericardectomy.

» Thoracic duct ligation alone may fail due to thickening of pericardium from chronic
irritation by chyle resulting in increased right-sided venous pressures, which would
impede the drainage of chyle through lymphaticovenous communications. A peri-
cardectomy may help reduce the occurrence of this.

* Success rates variable, but reported to be as high as 100%.

Thoracic duct ligation and cisterna chyli ablation.

* Thoracic duct ligation alone may lead to caudal thoracic duct and cisterna chyli
hypertension, which could be a stimulus for development of collateral lymphatics
that causes recurrence of chylothorax after thoracic duct ligation.
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» Cisterna chyli ablation may force disrupted lymphatic channels to form new drain-
age connections within the abdominal cavity.
* This procedure resulted in resolution of chylous pleural effusion in 88% of dogs in
one study.
® Thoracic duct ligation, cistern chyli ablation, and pericardectomy.
e Recommended by some surgeons.

Other

= If medical management and surgical management fail, there are palliative options to drain
the pleural space.
* Placement of a subcutaneous vascular access port connected to an intrathoracic drain
or Pleuralport allows for chronic chest drainage through a subcutaneous injection port.
 Historically, other devices and procedures have been tried for palliative treatment of
chylothorax, including pleuroperitoneal shunts, pleurovenous shunts, and pleurode-
sis. These options are no longer commonly practiced.

COMMENTS

Miscellaneous

= Diffuse lymphatic abnormalities (i.e., intestinal lymphangiectasia, hepatic lymphangiec-
tasia, pulmonary lymphangiectasia, and chylous ascites) may be present. These findings
may be associated with a worse prognosis.

® Young patients with chylothorax may have a better prognosis than older animals due to
increased incidence of neoplasia in older patients.

Patient Monitoring

® Monitor closely for respiratory difficulty — thoracocentesis as needed.
m Resolution (spontaneously or post surgery); periodically reevaluate for several years to
detect recurrence.

Possible Complications

Fibrosing pleuritis— most common serious complication of chronic chylothorax.
Immunosuppression — may develop in patients undergoing repeated and frequent thora-
cocentesis due to lymphocyte depletion.

Hyponatremia and hyperkalemia in dogs undergoing multiple thoracocenteses.
latrogenic infection from repeated thoracocenteses.

Expected Course and Prognosis

= May resolve spontaneously or after surgery.
®  Chronic disease may result in severe fibrosing pleuritis and persistent respiratory difficulty.
® Euthanasia frequently performed in patients that do not respond to therapy.
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Abbreviations

FelV: feline leukemia virus
FIP: feline infectious peritonitis
FIV: feline immunodeficiency virus
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chapter 18

Coonhound Paralysis

] DEFINITION/OVERVIEW

®  Acute inflammation of multiple nerve roots and peripheral nerves in dogs, with or without
a previous history of contact with a raccoon.
® Proposed animal model for GBS in humans.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Largely unknown, although coonhound paralysis is closely linked with raccoon contact,
specifically with raccoon saliva.
Suspected immune-mediated disease for both coonhound paralysis and ACIP.

®  ACIP has been suspected to be associated with previous vaccination and possibly respiratory
or gastrointestinal viral or bacterial infections.

® Most commonly recognized polyneuropathy in dogs in North America, although the
incidence is low.

® The distribution of coonhound paralysis is relative to the distribution of raccoons (North
and Central America, as well as parts of South America).

® ACIP is found worldwide.

Systems Affected

® Nervous: the peripheral nervous system, with the most severe involvement being in the
ventral nerve roots and ventral root components of the spinal nerves.

® Cranial nerves are affected in some patients, with the most commonly affected nerves
being VII and X.

m Respiratory paralysis may occur in severe cases, secondary to intercostal and phrenic
nerve involvement.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion website: www.fiveminutevet.com/emergency
125


http://www.fiveminutevet.com/emergency

126 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

i-» | SIGNALMENT/HISTORY

In coonhound paralysis, there is a predilection for coonhounds and other raccoon hunting
breeds, but any breed in contact with raccoons is susceptible.

Previous disease does not confer immunity and may actually increase the risk of disease
recurrence.

Multiple bouts of coonhound paralysis are not uncommon in the same dog.

There are no breed predilections with ACIP.

Historical Findings

Neurologic signs appear 7-14 days after contact with a raccoon or after other antecedent
precipitating events (i.e., vaccinations).

Owners initially note a stiff-stilted gait in all four limbs.

There is a rapid progression to a flaccid lower motor neuron tetraparesis to tetraplegia.
Appetite and water consumption usually remain normal, although dogs may not be able
to voluntarily reach food or water.

Urination and defecation also are usually reported as being normal.

Initial progression of disease usually occurs over 4-5 days, although occasionally progression
can occur up to 10 days.

Q CLINICAL FEATURES

Neurologic Examination Findings

Usually neurologic signs are symmetrical.

There is a generalized hyporeflexia to areflexia, hypotonia to atonia, and severe neuro-
genic muscle atrophy (more chronic change).

Pelvic limbs are usually more severely affected than thoracic limbs.

Respiration may be labored in severely affected dogs with occasional progression to
respiratory paralysis.

Aphonia or dysphonia is common.

Facial paresis, if present, will be bilateral with incomplete palpebral closure in many patients.
Pain sensation is intact, although many dogs initially demonstrate a hyperesthesia because
of variable dorsal nerve root inflammatory involvement.

Motor dysfunction always predominates.

Tail wag is invariably intact.

(SJ) DIFFERENTIAL DIAGNOSIS

Other acute polyneuropathy
Distal denervating disease
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Botulism

Tick paralysis

Fulminant myasthenia gravis

Generalized (diffuse) or multifocal myelopathy (involving both cervical and lumbosacral
intumescences)

r_\ DIAGNOSTICS

Serum immunoglobulin analysis reveals a high serum IgG but not IgM in some patients.
There is a serum reaction to raccoon saliva on ELISA. Dogs with coonhound paralysis
have a strong positive reaction that decreases in intensity over time. Dogs without clinical
disease but with recent raccoon contact also have a strong positive reaction. Dogs with
ACIP but with no raccoon contact have a negative reaction.

Cerebrospinal Fluid Analysis

Lumbar CSF analysis will reveal a high protein without an increase in leukocytes at all
stages of disease.

Cerebellomedullary CSF will only reveal a mildly elevated protein in severely affected
patients in the acute stages of disease.

CSF protein elevation is due to albumin leakage across a disrupted blood-brain and
blood-nerve barrier.

Most patients have no intrathecal production of immunoglobulin.

Electrodiagnostics

Generalized spontaneous activity is seen on EMG, the severity of which depends on the
time of examination after disease onset and the severity of neurologic signs.

There will be markedly low compound muscle action potential amplitudes after motor
nerve stimulation.

Motor nerve root studies (F waves) will reveal an increased minimum latency.

Motor nerve conduction velocities may be within normal range in mildly to moderately
affected dogs, whereas severely affected patients may have mildly low values.

Sensory nerve function is usually normal.

Pathologic Findings

Ventral nerve roots and the ventral root components of the spinal nerves develop the
most severe lesions, consisting of various degrees of axonal degeneration, paranodal
and segmental demyelination, and leukocyte infiltration (predominantly monocytes and
macrophages, with scattered groups of lymphocytes and plasma cells).

Peripheral motor and mixed nerves are similarly affected, although to a lesser degree.
Dorsal nerve roots are much less severely affected.
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Py THERAPEUTICS

Patients should be closely monitored in the progressive stage of the disease (especially
during the first 4 days) for respiratory problems.

If severe respiratory compromise develops, intensive care and ventilatory support may be
required.

Intravenous fluid therapy would only be necessary if the patient is dehydrated due to an
inability to reach water.

m Excellent nursing care is essential.
® Patients are able to eat and drink if they can reach food and water but often must be hand

fed because of difficulty in moving their limbs and raising their head and neck.

® Intensive physiotherapy is important to decrease muscle atrophy.
® Frequent turning and excellent padding are essential to prevent pressure sores.
® Encourage the patient to try to move as much as possible.

Drugs of Choice

None have been proven in dogs to be effective in improving clinical signs or shortening
the course of disease.

Human IVIG at 1 g/kg IV daily for 2 consecutive days or 0.4 g/kg IV daily for 4-5 consecu-
tive days; given early, has been shown to decrease the severity or shorten recovery time of
GBS in humans.

A report studying human IVIG administered to dogs (0.5g/kg IV given daily for
3 consecutive days) documented a trend toward faster recovery time in dogs with ACIP.
Corticosteroids are contraindicated. They do not improve clinical signs or shorten the
course of disease. They have been shown to reduce survival in humans with GBS.

COMMENTS

Client Education

Inform the client that good nursing care is essential.

Discuss the importance of preventing pressure sores and urine scalding and of limiting
the degree of muscle atrophy by diligent physiotherapy (e.g., passive limb movement,
massage, electrical stimulation, and swimming as the patient’s strength begins to
improve).

Inform the client that the patient needs soft, resilient bedding (straw or fleeces are excel-
lent) that must be kept clean and free of urine and feces.

Frequent turning (every 3—4 hours), frequent bathing, and adequate nutrition also are
important.
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Patient Monitoring

It is important to keep in close contact with the client regarding complications or changes
in the patient’s condition.

Perform urinalyses periodically to check for cystitis in tetraplegic or severely tetraparetic
patients.

Ideally, reevaluate the patient at least every 2—3 weeks initially.

Prevention/Avoidance

In dogs with coonhound paralysis, the best prevention for future episodes is to avoid
further contact with raccoons. This is often not feasible because of the dog’s environment
and primary use as raccoon hunters.

Because raccoons are very common in suburban areas across the country, avoiding contact
between household dogs and raccoons also can be challenging.

Avoid future vaccination if ACIP was definitively linked to a specific vaccine.

Possible Complications

Respiratory paralysis in the progressive stage of the disease.
Pressure sores, urine scalding, and cystitis are common in chronically recumbent dogs.

Expected Course and Prognosis

= Most affected dogs recover fully.
® Mild residual neurologic deficits may remain.
® The disease duration is usually several weeks (6-8) in mildly to moderately affected

dogs.

m Severely affected dogs can show signs for 3—4 months.
® The order of improvement in signs usually follows the order of initial dysfunction.

Abbreviations

ACIP: acute canine idiopathic polyradiculoneuritis
CSF:  cerebrospinal fluid

ELISA: enzyme-linked immunosorbent assay

EMG: electromyography

GBS:  Guillain—Barré syndrome

IgG:  immunoglobulin G

IgM: immunoglobulin M

1V:

intravenous

IVIG: intravenous immunoglobulin
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Diabetic Ketoacidosis

DEFINITION/OVERVIEW

m Severe form of unregulated diabetes mellitus in which by-products of fat metabolism cause
accumulation of ketoacids that result in clinical signs of lethargy, inappetance, vomiting,
and dehydration.

® Characteristic bloodwork abnormalities include hyperglycemia, metabolic acidosis, pres-
ence of ketonemia, and electrolyte abnormalities that can include hyponatremia, hyper- or
hypokalemia, and hypomagnesemia.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Diabetes mellitus is caused by the absolute or relative deficiency of insulin production and
release from the pancreas.

m States of prolonged obesity or states of insulin resistance (inflammation, infection, neoplasia)
can result in the acute development of diabetes mellitus and diabetic ketoacidosis, or can
result in an animal that has been previously diagnosed with diabetes mellitus becoming
unregulated or starting to fail insulin therapy.

® The deficiency of insulin or the presence of glucocounterregulatory hormones (cortisol,
epinephrine, glucagon, and growth hormone) released during states of stress (inflamma-
tion, infection, and neoplasia) can result in an inability to utilize carbohydrate sources for
energy, leading to unregulated lipogenolysis.

® By-products of lipolysis are the ketoacids acetoacetate, acetate, and beta-hydroxybutyrate.
Ketoacidosis stimulates the chemoreceptor trigger zone to induce nausea and vomiting.
Profound hyperglycemia and osmotic diuresis further contribute to water loss and
dehydration.

Systems Affected

® Endocrine/metabolic.
* Hyperglycemia
¢ Hyponatremia

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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* Metabolic acidosis

* Hyper- or hypokalemia

e Hypomagnesemia

* Hypophosphatemia
Gastrointestinal.

* Nausea

* Inappetance

* Vomiting
Hematologic.

* Hypophosphatemia can result in intravascular hemolysis after onset of insulin therapy.

i-»‘l SIGNALMENT/HISTORY

Middle-aged to older dogs (females predisposed more than males).

Cats: can occur in any age of cat, but tends to be found in cats older than 10 years (male

cats predisposed over females).

Breed Predisposition

Dogs: miniature poodle, dachshund
Cats: none

Q CLINICAL FEATURES

Polydipsia

Polyuria

Polyphagia to inappetance

Anorexia

Lethargy

Depressed mentation/mental dullness
Weakness

Plantigrade stance

Muscle wasting/cachexia

Weight loss

Lack of grooming/unkempt or matted haircoat
Clay litter adhering to paws (from glucosuria)
Vomiting

Dehydration

Fruity odor of ketones on breath

Cranial organomegaly/hepatomegaly

Possible cranial abdominal discomfort or pain if pancreatitis is also present
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Bloodwork

= CBC.

Neutrophilic leukocytosis
Anemia (cats)

® Biochemical panel.

Hyperglycemia BG >250mg/dL

Azotemia: elevated BUN and creatinine

Elevated cholestatic and hepatocellular liver enzyme activities
Hypercholesterolemia

Lipemia

Hyperosmolarity >330 mOsm/kg

® Venous blood gas and electrolytes.

Metabolic acidosis (high anion gap)
Hyponatremia

Hyper- to hypokalemia
Hypochloridemia
Hypophosphatemia
Hypomagnesemia

® Urinalysis.

A

Hyposthenuria to isosthenuria.

Urine sediment may or may not show WBCs/pyuria — culture is still necessary to rule
out bacterial cystitis and/or pyelonephritis.

Ketonuria: the urine ketone sticks measure acetate and acetoacetate, but not beta-
hydroxybutyrate, so may appear negative even if ketonuria is present.

DIFFERENTIAL DIAGNOSIS

Hypoglycemia

Intracranial disease

Primary gastrointestinal disease
Renal disease

Hepatic disease

Sepsis

DIAGNOSTICS

® Diagnostic imaging should include thoracic radiographs to rule out pulmonary parenchy-
mal and pleural space disease that could contribute to insulin resistance.

® Abdominal ultrasound should be performed to rule out obvious causes of insulin
resistance.
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THERAPEUTICS

m Patients who are not very dehydrated, and are not vomiting or inappetant, can sometimes
be started on long-acting insulin therapy without need for hospitalization.

® The mainstay of therapy for an animal with diabetic ketoacidosis is to rehydrate the
patient with intravenous fluids and administer insulin, along with a substrate for which

insulin can act.

m First, the patient’s overall dehydration deficit should be calculated and added to mainte-
nance fluid therapy, with a goal of the patient becoming rehydrated over 24 hours.

® Short-acting, regular insulin can be administered either IM or IV (this author prefers IV
administration as a constant rate infusion), with the goal of dropping the patient’s BG by

50-70 mg/dL/h.

Insulin Administration

IM Regular Insulin

® 0.2U/kg IM once as an initial dose

®m 0.1-0.2U/kg IM every 2—4 hours, depending on the patient’s BG

IV Regular Insulin as CRI

® Take 2.2U/kg (1.1-2.2 units/kg for cats) regular insulin, and add to a 250 mL bag of 0.9%
NaCl, then allow 50 mL of the solution to run through the length of IV tubing.
®  Administer at the following rate, according to BG level.

Patient BG (mg/dL)

Insulin Solution Rate (mL/h)

>250 10
200 < BG < 249 7
150 < BG < 199 5
100 < BG < 149 5
BG < 100 0

Dextrose Supplementation

Patient BG (mg/dL)

% Dextrose Supplementation

>250 0
200 < BG <249 2.5
150 < BG < 199 2.5
100 <BG < 149 5

BG < 100

0



Potassium Supplementation
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m Patients with diabetes mellitus and diabetic ketoacidosis have a whole-body potassium
deficit due to osmotic diuresis and urinary losses. With the administration of insulin
and carbohydrates, potassium moves intracellularly, and the patient can rapidly become

hypokalemic.

® The potassium should be checked every 4-6 hours initially, then every 6-12 hours,
depending on the patient’s response to therapy.

Serum Potassium (mEg/L)

Potassium Supplementation (mEq/L)

<2 80
2.1-2.5 60
2.6-3.0 40
3.1-3.5 30
3.6-5.0 20
>6.0 None

*Total potassium rate should not exceed 0.5 mEg/kg/h

Magnesium Supplementation

= Even when magnesium cannot be measured, animals with diabetes mellitus and diabetic
ketoacidosis often have a whole-body magnesium deficit.

® If an animal experiences refractory hypokalemia despite rehydration and maximal potas-
sium supplementation, magnesium supplementation should be considered, as magnesium
is required as a cofactor for potassium scavenging.
Magnesium dose: 0.75-1.0 mEq/kg/day as a constant rate infusion.
Use care in animals with renal compromise; can cause prolonged PR intervals and AV

block.

Phosphorus Supplementation

An animal’s phosphorus may be within normal reference ranges on initial bloodwork.
As carbohydrate sources are utilized for the production of ATP in the presence of insulin,
phosphorus can rapidly become depleted.
® If serum phosphorus <2.0mg/dL, intravascular hemolysis can occur, as phosphorus is
required for the maintenance of red blood cell membrane integrity.
® Phosphorus dose: 0.03-0.05 mmol/kg/h.
e NOTE: If phosphorus is administered as potassium phosphate, use care to account
for the added potassium administration, so as not to exceed a maximal rate of

>0.5mEq/kg/h.
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Bicarbonate Supplementation

A patient’s bicarbonate deficit can be calculated from the following formula:

Bicarbonate deficit (meq/L) = (base deficit x 0.4 x kg body weight)

The administration of bicarbonate should be considered for patients whose serum pH
is less than 7.0, but its use is controversial, as the by-product of ketoacid metabolism is
bicarbonate.

With the administration of intravenous fluids for rehydration, as well as insulin and dex-
trose, the patient’s pH will slowly rise due to the metabolism of ketoacids in circulation.

Patient Monitoring

® Initially BG should be evaluated every 2 hours.
= Venous blood gas and electrolytes should be monitored every 4-24 hours, depending on

patient’s response to therapy.

® Serum and urine glucose and ketone should be monitored daily.
® PCV/TS should be monitored at least twice a day; if the plasma appears hemolyzed, intra-

vascular hemolysis from hypophosphatemia may be occurring.

Long-Term Therapy

Once a patient is rehydrated, mentally alert, and eating and drinking, transition to a
longer-acting insulin can be started.

Prevention/Avoidance

An animal with DKA that requires either a CRI or q2h insulin administration should be
monitored at a facility with 24-hour care, whenever possible, to avoid iatrogenic compli-
cations of therapy.

Possible Complications

Hypokalemia

Hyponatremia

Hypoglycemia/seizures

Hypophosphatemia

Intravascular hemolysis and anemia

AKI

Intravascular volume overload/pulmonary edema
Cerebral edema/seizures

Synonyms

DKA
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Abbreviations

AKT: acute kidney injury/insult
ATP: adenosine triphosphate
AV: atrioventricular

BG: blood glucose
BUN:  blood urea nitrogen
CBC:  complete blood count

CRI: constant rate infusion
IM: intramuscular

1V: intravenous

mEq:  milliequivalents

mmol: millimoles

mOsm: milliosmoles

NaCl:  sodium chloride

PCV/TS: packed cell volume/total solids
WBC:  white blood cell count
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Diaphragmatic Hernia

DEFINITION/OVERVIEW

® A diaphragmatic hernia (DH) is disruption of the diaphragm that results in displacement
of the abdominal viscera into the thoracic cavity.

m A pleuroperitoneal DH involves displacement of abdominal viscera into the pleural cavity
and is typically acquired due to trauma, but may rarely be congenital.

® A peritoneopericardial DH (PPDH) is congenital in origin and occurs due to failure of the
diaphragm to fuse separately from the pericardial sac and may result in displacement of
abdominal viscera into the pericardial space.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Traumatic DH results from an excessive pressure differential between the abdominal and
thoracic cavities.

= When the abdomen is compressed due to trauma (e.g., automobile accident, fall from
height), there is increased intraabdominal pressure that is transmitted across the diaphragm
to the thoracic cavity.

= If the glottis is open, the air within the lungs is allowed to escape to allow decreased
intrathoracic pressure. The pressure differential allows the diaphragm to tear, creating
the hernia.

® With traumatic hernias, many factors may contribute to respiratory and cardiovascular
compromise.

® Fluid or air accumulation and organ entrapment within the thorax result in lung compres-
sion and hypoventilation.

® Pulmonary contusions may further limit lung expansion, and increased capillary permea-
bility due to ongoing inflammation can result in pulmonary edema. Pulmonary contusions
result in diffusion impairment and hypoxemia.

®m Myocardial contusions may result in cardiac dysrhythmias and decreased cardiac
output.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
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Systems Affected

Cardiovascular: myocardial contusions may occur due to trauma and cause cardiac dys-
rhythmias. Dysrhythmias usually develop within 24-48 hours of the trauma and will typi-
cally resolve within approximately 5 days. Ventricular dysrhythmias are most common
but other dysrhythmias may also occur. Cardiac output can also be decreased due to hypo-
volemic shock if hemorrhage has occurred.

Gastrointestinal: the stomach and intestines are commonly displaced into the thoracic
cavity with both congenital or traumatic DH; gastrointestinal displacement in the tho-
rax can cause vomiting, inappetence, and weight loss. Gas distension of the stomach
and intestines can occur and compromise lung expansion. If the tear or rent in the dia-
phragm is small, the intestines can become devitalized due to strangulation, volvulus,
or entrapment.

Hepatobiliary: the liver can be displaced into the thorax and its blood circulation or biliary
flow can be disrupted.

Musculoskeletal: trauma to the thoracic wall can occur and cause decreased chest wall
excursion. Other orthopedic injuries can occur secondary to trauma.

Respiratory: respiratory compromise occurs due to loss of negative thoracic pressure,
trauma to the chest wall, fluid or air accumulation within the thoracic cavity, pulmonary
contusions, and secondary pulmonary edema.

SIGNALMENT/HISTORY

Congenital: breed predilection for Weimaraners and cocker spaniel dogs and Himalayan
and Persian cats for PPDH.

Congenital hernias can be present at birth, but may not become clinically apparent for
several years.

Traumatic: no breed predilection.

More common in younger, male animals due to higher potential for roaming.

Risk Factors/Causes

Free roaming increases risk for trauma.

Historical Findings

Mild-to-severe respiratory distress
Exercise intolerance
Gastrointestinal signs

Difficulty lying down

Weight loss with chronicity
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Icterus with liver entrapment
History of trauma with acquired DH; however, some hernias may not be diagnosed for
weeks to years after traumatic event.

Q CLINICAL FEATURES

Can be incidental finding on thoracic radiographs.

Respiratory difficulty/orthopnea.

Muffled heart and lung sounds; intestinal sounds or borborygmi can be ausculted within thorax.
Cardiac dysrhythmias can occur secondary to myocardial contusions or shock.

Signs of hypovolemic shock: pale mucous membranes, weak and thready pulses, cool
peripheral extremities, hypothermia, or hypotension.

Empty abdomen on palpation.

Icterus may be noted with chronic hepatic entrapment.

m Congenital PPDH may coexist with other congenital defects including umbilical and

supraumbilical hernias, sternal malformations, and cardiac defects.

(-y DIFFERENTIAL DIAGNOSIS

Pulmonary contusions, pleural effusion, acute respiratory distress syndrome, pulmonary
thromboembolism, thoracic neoplasia, and lung lobe torsion.

Pericardial effusion and dilated cardiomyopathy are differentials for enlarged cardiac
silhouette associated with PPDH.

R, DIAGNOSTICS

Thoracic radiographs: loss of continuity of diaphragm, soft tissue opacities or gas-filled
intestinal loops within thoracic cavity (Figs 20.1, 20.2). Pleural effusion, pulmonary con-
tusions, and rib fractures may also be seen. Plain radiographs will diagnose approximately
66% of diaphragmatic hernias.

If pleural effusion obscures the diaphragm, performing thoracocentesis and then repeating
radiographs can be helpful in making a diagnosis.

With PPDH, an enlarged cardiac silhouette, dorsal displacement of the trachea, and gas
patterns overlying the cardiac silhouette may be seen as well as loss of diaphragmatic
continuity ventrally.

Ultrasonography: allows evaluation of diaphragm continuity and visualization of abdomi-
nal viscera within the thorax.

Upper GI barium study: allows visualization of stomach or intestines within the thoracic
cavity, but there is potential for aspiration of barium into the lungs; false negatives can occur
if the herniated viscera does not include any portion of the upper gastrointestinal tract.
Positive contrast peritoneography: limited diagnostic value.
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M Fig. 20.1. Lateral thoracic radiograph of a cat with a traumatic diaphragmatic hernia. The diaphragmatic outline is
not visible. Note the appearance of small and large intestinal loops within the thoracic cavity.

M Fig. 20.2. Lateral thoracic radiograph of a cat with a peritoneopericardial diaphragmatic hernia. Note the enlarged
cardiac silhouette with dorsal displacement of the trachea. There is loss of continuity of the diaphragm and evidence
of small intestinal loops within the cardiac silhouette.
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Pathologic Findings

® Diaphragmatic rent.
® Abdominal viscera displaced into thorax.
* Compromise to blood supply may result in nonviable tissue.
* Gas distension of the stomach or intestines may be noted.
m Adhesions if hernia is chronic.
® Thoracic fluid may be noted (i.e., blood, serosanguineous fluid, or chyle).
= Pulmonary contusions or edema and lung atelectasis may be present.

THERAPEUTICS

® Patient stabilization: administer oxygen, intravenous fluids, analgesia, and antiarrhyth-
mics as indicated. With gas distension of the stomach within the thorax, emergency
decompression should be performed by passing an orogastric or nasogastric tube or by
percutaneous trocharization of the stomach.

m Surgical repair of the hernia once the patient is stable. Use a balanced anesthetic protocol
that consists of a premedication, induction drug(s), and inhalant or injectable anesthetic drugs.
Premedicate patient to reduce anxiety and decrease the amount of general anesthesia
needed. Preoxygenate. Rapid induction (diazepam 0.5mg/kg IV with propofol 24 mg/kg 1V,
etomidate 1-2 mg/kg IV, or fentanyl 10 png/kg IV with 0.5 mg/kg diazepam) and intubation.
Control positive pressure ventilation once the patient is intubated. Administer periopera-
tive antibiotics. Clip and aseptically scrub both the ventral abdomen and the lateral and
ventral thorax in case the incision needs to be extended cranially. The surgical approach
should be through a ventral midline abdominal incision. Inspect the herniated abdominal
contents for viability and gently replace them into the abdomen. If necessary, enlarge the
diaphragmatic defect to aid gentle reduction of herniated organs. Gently break down any
adhesions, then resect and remove any devitalized tissue. Close the diaphragmatic rent
using absorbable monofilament suture (e.g., 2-0 to 3-0 PDS™ or Maxon™), working from
the least accessible portion of the rent toward the surgeon (Fig. 20.3). Restore negative
intrathoracic pressure by placing a thoracostomy tube or by percutaneous or transdia-
phragmatic thoracocentesis. Close the abdomen in a routine manner.

® Postoperatively, supplemental oxygen, intravenous fluid therapy, and analgesia should
be administered. If a continued pneumothorax is present, continuous negative suction
of thoracostomy tube may be required. Postoperative monitoring should include pulse
oximetry or arterial blood gas analysis, electrolytes, glucose, packed cell volume, total
protein, ECG, and blood pressure. Urine output should be monitored if there is concur-
rent urinary tract trauma.

Precautions/Interactions

® Nitrous oxide is contraindicated with anesthesia for diaphragmatic hernias because it dif-
fuses into the chest cavity, reexpands the gas space within the pleural cavity, and inhibits
lung expansion.
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M Fig. 20.3. Intraoperative photograph of a diaphragmatic tear in a dog. The herniated abdominal viscera has been
replaced into the abdominal cavity, and the surgical closure has been begun in the most dorsal, least accessible point
of the rent.

® Chamber/mask induction is not recommended due to length of time and depth of anesthe-
sia required before intubation and positive pressure ventilation can be initiated.

Activity

® Limited preoperatively due to respiratory compromise; limited for at least 2 weeks post-
operatively for healing and recovery.

Surgical Considerations

= In the past, delaying surgery for at least 24 hours was recommended to reduce mortality,
but recent studies indicate no difference in mortality with early versus delayed surgi-
cal intervention. However, the cardiovascular system should ideally be stabilized prior to
anesthesia and surgery.
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® Animals with gastric herniation, evidence of visceral or vascular compromise, or with
severe respiratory compromise associated with herniation of abdominal contents should
undergo surgery as soon as possible.

m Congenital diaphragmatic hernias should be repaired as soon as they are recognized to
avoid the potential for significant complications in the future (e.g., adhesions, organ
entrapment, cardiac tamponade).

m Atelectatic lung should be slowly reinflated to avoid any concern about contributing to
the development of reexpansion pulmonary edema, a rare but often fatal complication.

m Strangulated viscera should be resected without allowing reestablishment of normal
circulation to avoid release of oxygen radicals and bacterial toxins into the general
circulation.

COMMENTS

Client Education

m  Advise owner of cost and prognosis.

Patient Monitoring

® Respiratory rate and quality, SpO,
® Cardiac rate and rhythm

® Blood pressure
= Pain

Prevention/Avoidance

® Avoid allowing animals to roam free.

Possible Complications

Pneumothorax

Reexpansion pulmonary edema
Reperfusion injury

Cardiac arrhythmias

Expected Course and Prognosis

® Mortality rates reported range from 10% to 35%; deaths are most often a result of concur-
rent injury.

= Good to excellent long-term prognosis if patient survives first 12-24 hours following
surgery.
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Abbreviations

DH: diaphragmatic hernia

ECG: electrocardiogram

GIL: gastrointestinal

Iv: intravenous

PPDH: peritoneopericardial diaphragmatic hernia
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Disorders of Chloride

DEFINITION/OVERVIEW

® Disorders of chloride include hyperchloridemia and hypochloridemia.
® Derangements of chloride can result in acid-base disturbances and alterations in free
water balance.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Chloride ions account for roughly two-thirds of the anions within the extracellular fluid,
including plasma.

m Chloride is the major anion that is filtered at the glomerulus and reabsorbed by the renal
tubules.

® The chloride ion concentration within cells is much lower than the plasma concentration.
The intracellular concentration varies in different types of cells and is dependent on the
resting membrane potential of the cell.

» For example, the intracellular concentration of chloride in red blood cells is, on
average, 60 mEq/L, whereas the intracellular concentration of chloride in muscle
cells is only 2-4mEq/L. The higher intracellular concentration of chloride within
the red blood cells allows for the effective movement of chloride in and out of the red
blood. This ready movement of chloride is the basis for the “chloride shift.”

® Chloride is the most prevalent anion found in gastric fluid as well as small and large intes-
tinal fluid.

m Chloride ions are both reabsorbed and secreted in the gastrointestinal tract. The colon is
extremely efficient at chloride reabsorption.

® Chloride is the second most prevalent ion found in the glomerular ultrafiltrate.

m Fifty to 60% of the filtered load of chloride is reabsorbed by the proximal tubule of the
nephron.

®  Chloride reabsorption also occurs in the thick ascending limb of the loop of Henle. Loop
diuretics such as furosemide act in the loop of Henle by competing for the chloride site of
the Na*-K*-2Cl- carrier.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

Companion website: www.fiveminutevet.com/emergency

146


http://www.fiveminutevet.com/emergency

CHAPTER 21 DISORDERS OF CHLORIDE 147

m Metabolic acidosis is classically divided into hyperchloremic and normochloremic distur-
bances based upon the anion gap and the chloride concentration.

e The anion gap represents the difference between measured cations (sodium and
potassium) and measured anions (chloride and bicarbonate). Physiologically, elec-
troneutrality must be maintained so the anion gap represents a clinically useful over-
simplification.

* Metabolic acidosis is seen when there is an increase in the concentration of “strong”
anions. A strong anion is one which dissociates completely at body pH. Examples
include chloride, lactate, and the ketoanions.

e When chloride concentration is increased, the sum of the measured anions is
unchanged, resulting in a hyperchloremic or normal anion gap acidosis.

o If the strong anion, which is increased, is unmeasured then the chloride concentra-
tion remains normal and the bicarbonate concentration decreases. The sum of the
measured anions decreases, resulting in a high anion gap metabolic acidosis.

® In metabolic acidosis and chronic respiratory acidosis, there is an increase in ammonium
chloride excretion. It is common to see hypochloremia in chronic respiratory acidosis.

® The roles of hypochloremia and volume depletion in metabolic alkalosis are topics of
debate. There is no debate however, that when lost fluid (i.e., vomitus) contains an excess
of chloride relative to bicarbonate, a metabolic alkalosis will occur.

® Hyperchloremia is seen with chronic respiratory alkalosis to decrease renal ammonium
chloride excretion and increase chloride reabsorption.

Fl SIGNALMENT/HISTORY

= Hypochloremia has been documented in racing greyhounds.

Q CLINICAL FEATURES

® (linical signs are related to underlying disease and acid—base abnormalities.

,y DIFFERENTIAL DIAGNOSIS

Corrected Hypochloremia

Lipemia (pseudohypochloremia)

Loss of chloride-rich fluid (i.e., vomitus, diarrhea)

Administration of diuretics (i.e., furosemide, thiazides) or sodium bicarbonate
Administration of sodium penicillin (extremely high dose)

Exercise induced (racing greyhounds)

Chronic respiratory acidosis

Hyperadrenocorticism
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® Gastrointestinal disease that mimics hypoadrenocorticism (hyponatremia and
hyperkalemia)
= In cats:
e Acute tumor lysis syndrome
e Primary hypoadrenocorticism
* Anemia
e Hemorrhagic pleural effusion
* Diabetic ketoacidosis

Corrected Hyperchloremia

Lipemia (pseudohyperchloremia)

Potassium bromide therapy (pseudohyperchloremia)
Diarrhea

Total parenteral nutrition

Chloride salt therapy (i.e., potassium chloride or ammonium chloride)
Fluid therapy (0.9% NaCl, hypertonic saline)

Salt poisoning

Renal failure

Renal tubular acidosis

Hypoadrenocorticism

Diabetes mellitus

Chronic respiratory alkalosis

Administration of acetazolamide or spironolactone

E DIAGNOSTICS

® Prior to evaluation, chloride concentration can be “corrected” to account for changes in
sodium concentration.
= Canine:

Cl (corrected) =Cl™ x146/Na*

® Feline:

Cl (corrected) =Cl™ x156/Na*

THERAPEUTICS

Hypochloremia

m Therapy is directed at correcting the chloride deficit. This is usually achieved by admin-
istering 0.9% NaCl.
= When hypokalemia is also present, potassium chloride can be added to the fluid therapy.
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® In the rare instance where volume expansion is not required, therapy with potassium
chloride or ammonium chloride can be given.

® The use of sodium chloride or potassium chloride requires intact renal function and the
use of ammonium chloride requires both renal and hepatic function.

Hyperchloremia

Therapy is directed at correcting the underlying disease.
It is important to consider the chloride content of commonly administered fluids as they
often have chloride concentrations in excess of normal plasma.

® In severe metabolic acidosis (pH <7.2), ammonium chloride therapy may be considered.

COMMENTS

Abbreviations

NaCl: sodium chloride
pH: acid-base balance
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Disorders of Phosphorus

DEFINITION/OVERVIEW

® Phosphorus plays an essential role in cellular structure and function.

m Without phosphorus, vital cellular metabolic processes cannot occur efficiently.

® Hypophosphatemia and hyperphosphatemia can be seen in conjunction with a variety of
diseases and have important consequences for the affected animal.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Phosphorus exists in organic and inorganic forms within the body.
Clinical laboratories measure inorganic phosphate.
* Ten to 20% of the inorganic phosphate is protein bound.
* The remainder exists as a free anion or complexed with sodium, magnesium, or calcium.
® Phosphate is the major intracellular anion.
= Movement into or out of the intracellular compartment can rapidly change the concentra-
tion of serum phosphorus.
= The majority of total body phosphorus is found in bone or soft tissue. Less than 1% of the
total body phosphorus is found within the extracellular fluid compartment.
® Dogs younger than 1 year may have hyperphosphatemia, which is considered normal. The
effect of age is less pronounced in cats, but juvenile cats may tend toward higher serum
concentrations.
®  Carbohydrate meals or infusions will decrease serum phosphorus due to intracellular shifting.
® Protein intake will increase serum phosphorus concentration.

Hypophosphatemia

= Hemic/lymphatic/immune.
* Hypophosphatemia increases red blood cell fragility and results in hemolysis.
e Reduces 2,3-DPG concentrations, and thus impairs tissue oxygen delivery.
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 Impairs bacterial killing, phagocytosis, and chemotaxis by leukocytes.

» Thrombocytes have a shorter survival time.

* Clot retraction is impaired and thrombocytopenia may be seen.
Neuromuscular.

¢ Rhabdomyolysis

* Intestinal ileus

* Generalized muscle weakness
Cardiovascular.

* Decreased cardiac contractility
Respiratory.

* Respiratory failure has been seen in humans with acute, severe hypophosphatemia.
Nervous.

* Decreased CNS glucose utilization leading to metabolic encephalopathy
Renal/urologic.

* Proximal tubule bicarbonate wasting

¢ Decreased titratable acidity

¢ Decreased renal ammoniagenesis
Musculoskeletal.

* Bone demineralization

Hyperphosphatemia

Endocrine/metabolic.

¢ Decreased serum calcium
Musculoskeletal.

¢ Soft tissue mineralization

' | SIGNALMENT/HISTORY

i.

Dogs <1 year of age may have hyperphosphatemia that is considered appropriate (up to
10.8mg/dL) for the age.

Effect of age is less pronounced in cats, but immature cats may tend toward high normal
serum phosphorus.

Risk Factors/Causes

Hypophosphatemia

Carbohydrate load or insulin administration can result in hypophosphatemia.

Diabetic patients, especially patients with diabetic ketoacidosis, are at risk.
Malnourished patients receiving total parenteral nutrition.

Both antacid and magnesium administration have been associated with hypophosphate-
mia in humans.

Tachypnea and respiratory alkalosis can cause hypophosphatemia.
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Hyperphosphatemia
® Phosphate enema administration.

e Vitamin D intoxication

m Parenteral phosphate administration.

Q

CLINICAL FEATURES

® Phosphorus derangements most commonly occur as a result of other underlying disease.
Clinical features reflect the underlying condition.

Y

Hypophosphatemia

m  Cellular translocation.

Carbohydrate load

Insulin administration

DIFFERENTIAL DIAGNOSIS

e Respiratory alkalosis
 Total parenteral nutrition

* Hypothermia

® [Increased renal loss.
* Hyperparathyroidism

* Renal tubular defects (Fanconi’s syndrome)

e Proximal acting diuretics (carbonic anhydrase inhibitor)

¢ Eclampsia

* Hyperadrenocorticism
® Decreased intestinal absorption.

* Dietary deficiency
e Vomiting
e Malabsorption

¢ Phosphate binder administration
e Vitamin D deficiency

Hyperphosphatemia

m  Cellular translocation.

e Tumor cell lysis

e Trauma/rhabdomyolysis

e Hemolysis
¢ Metabolic acidosis
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Increased intake.

e Phosphate enema administration

e Vitamin D intoxication

» Parenteral phosphate administration
® Decreased excretion.

* Renal failure

* Uroabdomen

 Urethral obstruction

* Hypoparathyroidism

* Hyperthyroidism

e Acromegaly
Physiologic (young growing animal).
Laboratory error.

* Lipemia

* Hyperproteinemia

E DIAGNOSTICS

® Serum phosphorus.
* Due to the effects of fasting and other factors, serial phosphorus measurements are
recommended.
® Serum phosphorus <2.0mg/dL is considered severe hypophosphatemia.

THERAPEUTICS

Hypophosphatemia

® Animals that are asymptomatic for hypophosphatemia but at risk for worsening hypo-
phosphatemia may be supplemented with phosphate.

= Animals that are symptomatic due to hypophosphatemia should be treated with parenteral
phosphate supplementation.

Drugs of Choice

® Potassium phosphate or sodium phosphate.

® Give 0.01-0.06 mmol/kg per hour 1V; recheck serum phosphorus every 6-8 hours. (Note:
when supplementing with potassium phosphate, remember that additional potassium is
also being administered.)

Hyperphosphatemia

® Intravenous fluid therapy with 0.9% NaCl enhances phosphorus excretion.
®  Administration of glucose or insulin will temporarily decrease serum phosphorus. This is
rarely indicated.
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Drugs of Choice
= Aluminum hydroxide 30-90 mg/kg per day. Recheck serum phosphorus in 10-14 days
and adjust dose accordingly.

Diet

® Phosphorus restriction is accomplished via protein restriction.
® Oral phosphate binders may be indicated in chronic renal failure where dietary restriction
of phosphorus is insufficient.

COMMENTS

Abbreviations

CNS: central nervous systems
IV: intravenous

NaCl: sodium chloride
2,3-DPG: 2,3 diphosphoglycerate
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Disorders of Sodium

DEFINITION/OVERVIEW

® Disorders of sodium include hypernatremic and hyponatremic states.
m Sodium disorders reflect derangements of water balance. Therefore, it is imperative to
understand water balance when approaching sodium disorders.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Hypernatremia occurs through three different mechanisms.
e Pure water loss in which either water is lost through the kidneys (diabetes insipidus)
or water is not consumed appropriately to meet insensible loss (hypodipsia).
* Hypotonic fluid loss in which the loss of free water occurs in excess of the loss of
solute. This may occur from either renal or extrarenal causes.
* Impermeant solute gain is a true increase in the solute concentration.

Systems Affected

Hypernatremia

m Cardiovascular: in the loss of hypotonic fluid or pure water deficits, the lost volume can
contribute to interstitial dehydration and compromise of the effective circulating volume.

® Nervous: increases in osmolality result in the osmotic movement of water out of the brain
cells. Rapid changes can result in cerebral hemorrhage.

® Respiratory: with a true gain of sodium, volume overload and pulmonary edema may be seen.

Hyponatremia
= Hyponatremia is usually associated with hypoosmolality. The approach to hyponatremia
therefore centers around the plasma osmolality.
e Hyponatremia (normal plasma osmolality) occurs due to laboratory error (i.e.,
hyperlipemia or hyperproteinemia).
* Hyponatremia (high plasma osmolality >310mOsm/kg) occurs with the addition
of an impermeant solute to the ECE If this solute is not sodium, there is a relative
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decrease in the serum sodium concentration, but the osmolality is increased. An
example would be the intravenous infusion of mannitol.

Hyponatremia (low plasma osmolality <290 mOsm/kg) occurs when the relative
concentration of sodium is less than normal compared to the volume of the ECE
This can occur in hypervolemia, normovolemia, or hypovolemia.

® Cardiovascular: as with hypernatremia, some hyponatremic animals have compromise of
the effective circulating volume.
Nervous: impairment again is related to rapidity of changes in osmolality.
With chronic hyperosmolality, the brain will produce idiogenic osmoles, which prevent
dehydration of the brain and allow the animal to be relatively asymptomatic.

Fl

SIGNALMENT/HISTORY

Risk Factors/Causes

= In the case of pure water deficits, animals without access to water are at risk.
®  Animals whose primary access to water is salt water (playing on the beach) may be at risk
for true salt gain.

Historical Findings

® Historical findings in acute hypernatremia may include failure to provide the animal
access to water or the compromise of the water supply.

® In the case of acute hyponatremia, historical findings may include the ingestion of a large
volume of water prior to the onset of clinical signs.

Q

CLINICAL FEATURES

m Often the clinical features are nonspecific but may include anorexia, lethargy, vomiting,
muscle weakness, behavioral changes, disorientation, ataxia, seizures, coma, and death.
= Clinical signs may also be referable to the underlying cause.

A

DIFFERENTIAL DIAGNOSIS

Hypernatremia

®m Pure water loss.

Primary hypodipsia

Diabetes insipidus (central or nephrogenic)
High environmental temperature
Fever/hyperthermia

Inadequate access to water
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= Hypotonic fluid loss.
* Gastrointestinal loss (i.e., vomiting/diarrhea)
e Third space loss
O Pancreatitis
O Peritonitis
e Cutaneous burns
* Renal loss
O Osmotic diuresis (i.e., mannitol, hyperglycemia)
O Diuretic administration (i.e., furosemide)
O Chronic renal failure
O Polyuric acute renal failure
O Postobstructive diuresis
= Impermeant solute gain.
 Salt poisoning (e.g., homemade play dough, salt water ingestion)
* Hyperaldosteronism
* Hypertonic fluid administration (i.e., hypertonic saline)

Hyponatremia

= Normal plasma osmolality.
e Hyperlipemia
* Hyperproteinemia
= High plasma osmolality.
* Hyperglycemia
e Mannitol administration
= Low plasma osmolality.
e Volume status: hypervolemia
O Severe liver disease
O Congestive heart failure
O Nephrotic syndrome
O Renal failure
* Volume status: normovolemia
O Psychogenic polydipsia
o SIADH
O Myxedema coma
O Hypotonic fluid administration
O Drugs that stimulate or prolong the renal effects of vasopressin
e Volume status: hypovolemia
O Vomiting
O Diarrhea
O Third space loss
O Pancreatitis
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O Peritonitis

O Uroabdomen

O Pleural effusion

O Peritoneal effusion
¢ Cutaneous burns
* Hypoadrenocorticism
¢ Diuretic administration

B DIAGNOSTICS

Serum sodium.

® Calculated plasma osmolality:
Calc Osmolality: 2Na + BUN/2.8 + glucose/18
® Measured plasma osmolality.
® Urinalysis.
m Additional testing is guided by the suspected underlying cause of the sodium disturbance.
Q) THERAPEUTICS

Hypernatremia

= Pure water loss.
» Therapy is directed at replacing the free water deficit.

PNa (present)

Water deficit=Weight (kg)x -1

Na(previuus)

o If the sodium prior to water loss is unknown, assume a normal serum sodium.

 This equation provides the total water deficit in liters.

* When replacing a water deficit, intravenous sources of water include 5% dextrose in
water or 0.45% NaCl.

* When using 5% dextrose in water, the entire volume administered will be free water.
Half of the volume of 0.45% NaCl will be free water.

* Correct water deficits slowly (0.5mEqg/h maximum). Overenthusiastic corrections
can result in rapid changes in osmolality, myelinolysis, and cerebral edema.

= Hypotonic fluid loss.

e Hypernatremia in this situation is complicated by more severe extracellular volume
contraction than pure water loss alone.

e Initial fluid resuscitation should be an isotonic replacement fluid (Normosol-R, 0.9%
NaCl) to correct volume deficits.
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* Once the animal is volume replete, free water deficits can be corrected using 0.45%

NaCl or 5% dextrose in water.
® Gain of impermeant solute (salt poisoning).

* These animals are often normovolemic to hypervolemic so fluid therapy should be
undertaken cautiously.

¢ In an animal with normal cardiac and renal function, the administration of 5% dex-
trose in water will promote diuresis and natriuresis.

* Animals with cardiac or renal disease may develop pulmonary edema if additional
fluids are administered.

* Diuretics such as furosemide may promote natriuresis and speed the return of the
ECF to normal.

Hyponatremia

= Acute, symptomatic hyponatremia is treated with isotonic, crystalloid therapy (0.9%
NaCl, Normosol-R). Hypertonic solutions (3% NaCl) are not recommended.

®  Chronic hyponatremia is usually asymptomatic due to hypoosmolality and therapy should
be directed at correcting the underlying cause.

m With some of the underlying diseases, therapy may involve restriction of water intake,
sodium restriction, or diuretic therapy. It is important to diagnose the underlying disease
before advocating water restriction.

COMMENTS

® One key to successful treatment of sodium disturbances is to correct them slowly. Rapid
correction of long-standing derangements can be fatal.

Expected Course and Prognosis

m Largely dependent on the underlying cause, severity and duration of hyper- or hypona-
tremia.
= Hyper- and hyponatremic patients have increased risk of nonsurvival.

Abbreviations

BUN: blood urea nitrogen

ECF: extracellular fluid

NaCl: sodium chloride

SIADH: syndrome of inappropriate antidiuretic hormone
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Drowning and
Submersion Injury

DEFINITION/OVERVIEW

® Drowning: death from asphyxia within 24 hours of submersion in water. Alternate defini-
tion is the process of experiencing respiratory impairment from submersion or immersion
in liquid, and the outcome is classified as death, morbidity or no morbidity.

= Near drowning: water submersion followed by survival for at least 24 hours. This term is
discouraged in human medicine.

m Further classification may include very cold water (<5°C), cold water (5-20°C), or warm
water (>20°C) submersion injuries.

m Secondary drowning: death from complications of a submersion event greater than 24
hours after the injury.

® Immersion syndrome: sudden death due to cardiac arrest after sudden immersion in cold
water.

® Submersion injury: any of the above events.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Following submersion, the rise in carbon dioxide levels in the bloodstream stimulates res-
piration and the animal subsequently aspirates water. In rare cases (approximately 7-10%
of people), laryngospasm or hyperventilation prior to submersion prevents aspiration of
water (“dry drowning”).

= In experimental dogs, the four phases of drowning include: (1) breath holding and swim-
ming motions, (2) aspiration of water, choking, and struggling, (3) vomition, and (4)
cessation of movement and subsequent death. Similar observations have been made in
cats. The mammalian diving reflex may lead to bradycardia, apnea, and vasoconstriction
of nonessential capillary beds.

® Typically, large volumes of water are not aspirated (less than 4 mL/kg in human drowning
victims), although aspiration of 1-3 mI/kg of fluid leads to impaired gas exchange in the
lungs. Fluid aspirated into the lungs produces a vagally mediated pulmonary vasocon-
striction and hypertension.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
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® Aspiration of sea water typically leads to more severe hypoxemia than aspiration of an
equal volume of fresh water.

m Regardless of the fluid type, the initial cause of hypoxemia after near-drowning is due to
ventilation-to-perfusion mismatch and shunting of blood through perfused, but not ven-
tilated, alveoli.

® Following fresh water aspiration, the water moves quickly across the alveolar-capillary mem-
brane and into the microcirculation. The animal’s pulmonary surfactant is diluted, leading to
alveolar instability and collapse which prevents normal ventilation of affected alveoli.

® Hypertonic seawater aspiration leads to surfactant washout from the aspirated fluid and
diffusion of interstitial water into the alveoli, thus preventing ventilation.

® Up to 75% of blood flow may circulate through hypoventilated lung units following either
type of near-drowning injury.

® The submersion time, water temperature (see later in this chapter), and type of water
(fresh versus salt versus chemical water) determine the development and severity of organ
damage. In some patients, aspiration of vomitus, sand, silt, and sewage may cause bron-
chial and bronchiolar occlusion, bronchospasm, pneumonia, and inflammatory changes
to the alveolar-capillary membranes. In addition, postobstructive pulmonary edema may
occur in patients with laryngeal spasm.

= Swimming pools may contain chlorine which can irritate the lungs; newer pools with salt-
cleaning systems can also lead to irritation of the airways. Fresh-water lakes contain bac-
teria, algae, and/or protozoa; ocean water frequently has algae, sand, bacteria, and other
particulate matter that can lead to pneumonia if aspirated.

®  Water temperature can significantly affect the outcome of animals following near-drowning.
At temperatures below 15°C, there is a rapid loss of body heat, causing a more rapid onset
of fatigue. In addition, the ability to swim is impaired and cutaneous receptors lead to hyper-
ventilation and sensation of respiratory distress as soon as the animal enters the water.

Systems Affected

m Respiratory, nervous, cardiovascular, gastrointestinal, hemic, musculoskeletal, renal, hepatic

Fl SIGNALMENT/HISTORY

Dogs and cats <4 months of age are at greatest risk.

Clinical signs may include respiratory distress, cyanosis, coughing, apnea, auscultable
crackles or wheezes over chest, tachycardia or bradycardia, vomiting, obtunded to coma-
tose mental state or asystole.

Risk Factors

= Drowning and near-drownings frequently occur in areas where swimming pools, lakes,
rivers, canals, oceans, or ponds are present, although indoor drownings are also common
(buckets, bathtubs). More drownings may occur in the summer months.
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Inadequate safety precautions, owner negligence, or purposeful harm are the most com-
mon causes of drowning in small animals.

Dogs and cats <4 months of age are at greatest risk.

Animals that are in or near water at the time of a seizure, head trauma, hypoglycemic
event, cardiac arrhythmia, or syncopal episode are also at risk for drowning.

Historical Findings

Animal is often observed thrashing/gasping in water or is found motionless in water.

Q CLINICAL FEATURES

Dogs and Cats

Cyanosis, coughing +/- clear to frothy red sputum, apnea, dyspnea, auscultable crack-
les or wheezes over chest, tachycardia or bradycardia, vomiting, obtunded to comatose,
+/-hypothermia, asystole.

(S»Z DIFFERENTIAL DIAGNOSIS

Hypothermia, neck trauma, and meningitis should be ruled out.

In the event of drowning secondary to a seizure, neuromuscular disease, head trauma,
hypoglycemic event, cardiac arrhythmia, or syncopal episode, appropriate diagnostics
should be performed (i.e., labwork, blood pressure monitoring, electrocardiogram, spinal
radiographs, cerebrospinal fluid analysis, and brain imaging).

The history at the time of presentation may be informative.

f: DIAGNOSTICS

CBC/Biochemistry/Urinalysis

Inhalation or ingestion of large amounts of fresh water can lead to hemodilution (decrease
in hematocrit and total protein), hemolysis, and a decrease in sodium, chloride, and urine
specific gravity. Inhalation or ingestion of hypertonic salt water can lead to hemoconcen-
tration (an increase in hematocrit and total protein) and an increase in sodium, chloride,
and urine specific gravity.

Acute renal dysfunction or failure may occur in near-drowning patients. Therefore renal
values and urine output should be closely monitored.

Increased liver enzyme activity has been reported in dogs following fresh-water
submersion.

Disseminated intravascular coagulation may develop following a submersion injury
and the resultant hypoxia, hypotension, +/- hypothermia. Therefore, coagulation times,



164 SMALL ANIMAL EMERGENCY AND CRITICAL CARE

platelet counts, and fibrin(ogen) degradation products and/or D-dimer levels should be
monitored. Thromboelastography and/or antithrombin levels may also be useful.

® Rhabdomyolysis has been reported in people following a submersion injury and will cause
an increase in creatine kinase levels.

Other Laboratory Tests

® Arterial blood gas reveals hypoxemia (PaO, <80mmHg), hypoventilation (PaCO,
>50mmHg), hypoglycemia, and acid—base derangements such as a respiratory or meta-
bolic acidosis.

Thoracic Radiography

® Radiographic changes may not be detectable for 24—48 hours following the near-drowning.
A reduction in cardiovascular dimensions may be seen upon presentation if the patient is
hypovolemic.

® Focal or diffuse alveolar pattern may be present due to aspiration pneumonia or non-
cardiogenic pulmonary edema (typically affecting dorsocaudal lung fields primarily)
(Figs 24.1 and 24.2). Mixed bronchial, alveolar, and interstitial patterns may be present,
and a radiopaque material filling the airways (“sand bronchogram”) has been described.

® Foreign body inhalation may produce segmental atelectasis.

M Fig. 24.1. VD thoracic radiograph from a dog that M Fig. 24.2. Lateral thoracic radiograph from a dog

sustained a submersion injury 6 hours before. Note  that sustained a submersion injury 6 hours before. Note

the alveolar lung pattern in the caudal fields, typical of  the alveolar lung pattern in the caudodorsal lung fields,

noncardiogenic pulmonary edema. Source: University of  typical of noncardiogenic pulmonary edema. Source:

Pennsylvania Veterinary Medical Teaching Hospital. University of Pennsylvania Veterinary Medical Teaching
Hospital.
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Progression of pulmonary injury to acute respiratory distress syndrome is possible and
may appear as bilateral, diffuse, symmetrical alveolar infiltrates.

Diagnostic Procedures

Endotracheal or transtracheal wash, cytologic evaluation and culture and susceptibility
testing are indicated.

® Bronchoscopy may be required for removal of aspirated debris or foreign bodies.
m Electrocardiographic monitoring, continuous pulse oximetry, cervical radiographs or CT,

MRI or CT of brain, and BAER may be helpful in select cases.

Pathologic Findings

The lungs of animals that have drowned are often heavy, sink in formalin, and contain
fluid +/-debris that was aspirated within the airways.

® The stomach may also contain ingested water and debris.
® Rhabdomyolysis may be present in some patients.
® Animals that survive for more than 24-48 hours may have evidence of pneumonia, acute

lung injury/vasculitis, and/or end-organ damage (i.e., kidneys) secondary to hypoxemia.

m Cerebral edema may be present grossly and histopathologically in some animals.
Q) THERAPEUTICS
| |

Mouth-to-muzzle resuscitation should be initiated on site. Airway clearance, if obstructed,
is the first priority. Cardiopulmonary resuscitation may be necessary.

® Near-drowning victims require emergent, inpatient care.
® Oxygen supplementation should be provided.
® Intubation and mechanical ventilation with positive end-expiratory pressure (PEEP) may be

required in animals with severe hypoxemia, hypercapnia, or imminent respiratory fatigue.
Gravitational drainage or abdominal thrusts (the Heimlich maneuver) are not recom-
mended in the absence of airway obstruction due to the high risk of regurgitation and
subsequent aspiration of stomach contents.

® Fluid therapy and acid-base/electrolyte management are crucial.
® Gradual rewarming (over 2-3 hours) in hypothermic animals should be performed.
® Prolonged parenteral nutrition may be required in animals with severe neurologic or pul-

monary injury.

Drugs of Choice

Mannitol therapy, 0.5 g/kg of 25% solution IV over 30 minutes may be beneficial in ani-
mals with suspected cerebral edema and elevated intracranial pressures.

Broad-spectrum antibiotics (ampicillin 22 mg/kg IV q8h and enrofloxacin 15mg/kg IV
q24h in the dog and 5mg/kg q24h in the cat) may be necessary if aspiration pneumonia
develops, but prophylactic therapy is not recommended and may predispose to the devel-
opment of antibiotic-resistant pathogens.
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® Beta-2-agonists may help animals with suspected bronchospasm.
® Pentoxifylline decreased incidence of lung injury in dogs with experimental fresh-water
aspiration.

Precautions/Interactions

m Corticosteroid therapy is not indicated in near-drowning victims, and use of this drug
could be detrimental in animals with aspiration pneumonia.
® Use of enrofloxacin in young animals may result in cartilage erosion.

Alternative Drugs

m Alternative antibiotic choices for the treatment of secondary pneumonia are accept-
able and might include ticarcillin with clavulanic acid (50 mg/kg IV q6h), clindamycin
(10mg/kg IV q12h) and enrofloxacin (see earlier) or cefotaxime (40-50 mg/kg IV q6h), or
chloramphenicol (50 mg/kg IV q8h).

® Alternative bronchodilator therapy may include aminophylline 8 mg/kg IV q6-8h.

Nursing Care

® Patients may require intensive monitoring and care, especially if the need for mechanical
ventilation arises. In such cases, it is necessary to keep the patient clean and dry, normo-
thermic, perform frequent turning (~q4h), passive range of motion, oral care, eye lubrica-
tion, and close monitoring of comfort and level of sedation or anesthesia.

Diet

® Parenteral nutrition might be necessary for patients that require prolonged anesthesia for
positive pressure ventilation.

Surgical Considerations

® Patients that develop pulmonary abscessation might require a thoracotomy for the removal
of affected lung lobes.

COMMENTS

Client Education

= Animals that are deemed stable and ready for discharge should be monitored at home for
changes in respiratory rate or effort, coughing, decreased appetite, vomiting or diarrhea, and
neurologic abnormalities. Owners should consult with a veterinarian if any of these occur.
Patients that suffered a near-drowning event due to an underlying disease or event should
have further diagnostic evaluation to treat the predisposing condition (e.g., syncope).
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Patient Monitoring

Frequent or continuous monitoring of heart rate and rhythm, respiratory rate, mucous
membrane color and capillary refill time, urine output, arterial blood pressure, rectal tem-
perature, neurologic status, +/- central venous pressure should be performed.

Arterial blood gas, complete blood count, biochemical profile, coagulogram, and acid-
base status should be rechecked as needed.

Prevention/Avoidance

Close monitoring of animals (especially young and old/debilitated animals or those with
seizures or diseases that might cause syncope) near bodies of water, bathtubs, buckets, etc.
can help prevent near-drowning accidents.

Place barriers around bodies of water, life jackets placed on animals, owners educated and
trained to perform CPR.

Possible Complications

Patient

Aspiration pneumonia, pulmonary abscess(es), pulmonary fibrosis, noncardiogenic pul-
monary edema, acute respiratory distress syndrome, gastrointestinal bleeding, diarrhea,
vomiting, acute kidney injury, permanent neurologic derangements, disseminated intra-
vascular coagulation, central diabetes insipidus.

Owner

Feelings of guilt and remorse may require counseling.

Expected Course and Prognosis

The prognosis is directly related to the animal’s status at time of admission: animals who
present severely acidotic (pH <7.0), require cardiopulmonary resuscitation, or mechani-
cal ventilation have a poor prognosis. Unlike human submersion victims, a retrospective
study in dogs found that the level of consciousness at admission was not associated with
outcome

There was a 37.5% mortality rate in 15 dogs and one cat with fresh-water aspiration.

A worse outcome may be associated with increased submersion times.

Animals who present conscious have a good prognosis if no complications ensue within
2 hours of the event.

Pulmonary and cerebral edema can occur up to 24 hours after the submersion injury.
Cold-water submersion may be neuroprotective, but long-term neurologic sequelae are
possible following all near-drowning injuries. Submersion time may be a more important
predictor of survival than rectal temperature.

Synonyms

Submersion injury, immersion syndrome (see Definition/Overview)
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Abbreviations

BAER: brainstem auditory evoked response
CBC: complete blood count

CPR: cardiopulmonary resuscitation

CT:  computed tomography

Iv: intravenous

MRI: magnetic resonance imaging

PEEP: positive end-expiratory pressure
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chapter 25

Dystocia and Uterine
Inertia

DEFINITION/OVERVIEW

®m Most owners lack medical knowledge regarding the birthing process, and as such, they
frequently look to the veterinarian to answer questions and identify potential problems.
The emergency clinician must therefore be familiar with normal reproductive behavior
in addition to the common complications that may arise. Dystocia can occur due to
either maternal or fetal causes. Uterine inertia is the most common maternal factor while
malposition is the most common fetal factor.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Normal gestation length in the dog may range from 57 to 72 days from the time of first
breeding, with an average length of 65 days.

m If the day of ovulation is known, then the whelping date can be accurately predicted
because 95% of bitches will whelp 63 + 1 days from the date of ovulation.

® Because cats are induced ovulators, there is generally less variability in gestation length,
which ranges from 63 to 65 days. Ovulation may not take place after the first breeding,
however, so in the event of multiple breedings, uncertainties with regard to gestation
length may still be present in the cat.

®  As the whelping date approaches, a number of clues may point toward impending parturi-
tion. Mammary development, vulvar enlargement, mucoid vaginal discharge, and relax-
ation of the pelvic ligaments are early signs of approaching parturition. Onset of lactation
may be noted in primiparous bitches within 24 hours of parturition, but in multiparous
bitches, lactation may occur several days before parturition.

= A sudden drop in body temperature (<99 °F) is generally noted within 24 hours of parturi-
tion in dogs and cats as a result of decreases in progesterone levels, but this finding is not
always reliable in cats.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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Normal parturition proceeds in three stages.

* Stage 1: the first stage is characterized by subclinical uterine contractions and pro-
gressive dilation of the cervix. During this stage, which typically lasts for 6-24 hours,
bitches may show signs of restlessness, apprehension, panting, nesting behaviors,
hiding, and anorexia. Queens may be tachypneic, restless, and vocal or may lie
in their nesting boxes, purring. Active expulsion of the fetuses occurs during the
second stage of labor.

* Stage 2: the first fetus is usually delivered within 1 hour of onset of stage 2 labor in
cats and dogs, with subsequent deliveries every 15 minutes to 4 hours. The entire
process generally occurs over 2-12 hours, but may take as long as 24 hours with
large litter sizes.

» Stage 3: the third stage of labor results in expulsion of the placenta. One placenta
should be identified for each fetus delivered. Placentas are usually still attached to
the fetus by the umbilical cord and emerge with the fetus, but may emerge within
15 minutes to several hours later if they become detached. Lochia, a greenish vaginal
discharge, indicates placental separation and may be seen during all stages of
labor.

Following parturition, the discharge gradually becomes red-brown, decreasing in volume
over 4-6 weeks as uterine involution takes place.

Dystocia

Dystocia may result from either maternal or fetal factors that prevent delivery from tak-
ing place. Uterine inertia is the most common maternal cause of dystocia, seen when the
myometrium produces only weak and infrequent contractions that fail to expel a normal
fetus through a normal birth canal.

Primary uterine inertia is diagnosed when gestation has exceeded its expected length with
no evidence of progression into active labor. Primary uterine inertia is termed partial if the
bitch initiates parturition and expels one or more healthy fetuses, but then subsequently
fails to deliver the remaining fetuses as a result of myometrial fatigue.

Morphologic causes of dystocia are those in which an anatomic abnormality of the bitch
or queen results in obstruction of the birth canal (e.g., small birth canal, pelvic fractures).
Fetal factors that may result in dystocia include malpresentation, oversize, fetal malforma-
tions, and fetal death. It should be noted that posterior presentations are considered to be
a normal variation in dogs and cats, occurring in approximately 40% of deliveries.

Fetal oversize is a potential cause of dystocia, most commonly seen with single pup preg-
nancies (Fig. 25.1). Fetal death is an infrequent cause of dystocia, increasing the likeli-
hood of malpresentation because of failure to rotate and extend the head and legs, which
commonly occurs immediately prior to parturition.

Fetal malformations are another potential cause of dystocia, with anasarca (generalized
subcutaneous edema), hydrocephalus, cerebral and cerebrospinal hernias, abdominal
hernias (Fig. 25.2), duplications, and ribcage malformations among the more commonly
noted.
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M Fig. 25.1. Ventrodorsal radiograph of a bitch with one singlet puppy much too large to be delivered naturally
without a C-section.

M Fig. 25.2. Eviscerated puppy presented on emergency after natural but difficult delivery.
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Systems Affected

® Reproductive
= Endocrine/metabolic

i-» | SIGNALMENT/HISTORY

= Primiparous bitches less than 2 years of age are predisposed to dystocia.

= Toy and small brachycephalic breeds, particularly bulldogs, are predisposed to dystocia.

® Signs of dystocia include active uterine contraction lasting more than 1 hour without
passing a fetus, more than 3—4 hours without any active uterine contraction, and failure
to initiate labor at the end of gestation.

Risk Factors/Causes

® Very large or very small litters predispose to dystocia.

Historical Findings

® Most often, the owner observes a change in behavior that may or may not be associated
with the passing of a fetus. Most commonly, the owner will note active contractions with-
out passing a fetus, or a period of more than 3—4 hours between puppies or kittens.

Q CLINICAL FEATURES

® On physical examination, the queen or bitch may be crying and biting at the vulvar area,
have abnormal vaginal discharge (i.e., profuse hemorrhage; odorous mucopurulent dis-
charge; green discharge without production of offspring, indicating placental separation),
or signs of systemic illness in the dam — fever, weakness, tremors, etc.

® A vaginal examination should be performed using sterile technique.

E DIAGNOSTICS

® Radiographs should be obtained in any animal experiencing dystocia. Radiographs are
accurate for assessing the number, size, location, and position of fetuses, as well as maternal
pelvic morphology and general status of the abdomen. Fetal viability is more difficult
to assess from radiographs, unless evidence of fetal decomposition is present. Signs of
decomposition include intrafetal or intrauterine gas patterns, awkward fetal postures, col-
lapse of the spinal column due to loss of muscular support, and overlapping of the bones
of the skull.

® Ultrasound may be a more useful tool for assessment of fetal viability, fetal malformations,
and fetal distress. Normal fetal heart rates have been reported at 180-245 beats per minute
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in dogs and up to approximately 265 beats per minute in cats. Deceleration of fetal heart
rates to less than 180 beats per minute and the presence of fetal bowel movements on
ultrasound have been shown to correlate with severe fetal distress and may indicate a need
for rapid intervention.

A minimum database should include PCV/TS, serum calcium level, and blood glucose.

THERAPEUTICS

If a fetus is in the birth canal, an attempt should be made to remove it with copious lubri-
cation and gentle, steady traction in a posterior/ventral direction. Best results are obtained
with the dam standing while using combined caudal abdominal palpation to direct the
fetus into the birth canal. Obstetrical instruments should be avoided if at all possible.
Medical management with oxytocin should be considered if there is no evidence of
obstruction, and fetal and pelvic size appears normal. Calcium gluconate may be consid-
ered if weak, infrequent contractions are noted or when lab work reveals hypocalcemia.
Retrospective studies have indicated that many patients who fail to respond to oxytocin
alone may respond to a combination of calcium and oxytocin.

Drugs of Choice

Oxytocin doses of 0.5-2 units are effective in increasing the frequency and quality of
contraction. The oxytocin dose may be repeated in 30 minutes if expulsion of a fetus has
not resulted. If labor proceeds and a fetus is delivered, oxytocin may be repeated every
30 minutes as needed to assist in expulsion of the remaining fetuses. If two doses of
oxytocin fail to deliver a fetus, subsequent doses are not recommended. Note that prior to
administration of oxytocin, clients should be cautioned that uterine rupture is a rare but
possible complication.

The dose for calcium gluconate (10% solution) as a uterotonic agent is 11 mg/kg diluted
in saline and given subcutaneously, or added to intravenous fluids and given slowly while
monitoring an ECG for dysrhythmias.

If hypocalcemia is documented, a dose of 50-150 mg/kg IV should be used.
Subcutaneous administration has been reported to result in irritation and potential granu-
loma formation, though this is an infrequent complication.

Surgical Considerations

Surgical management should be considered for the following conditions.
e Complete primary uterine inertia
 Partial primary uterine inertia or secondary uterine inertia where large numbers of
feti remain and response to drugs is unsatisfactory
 Fetal oversize
* Gross abnormalities of maternal pelvis (fractures, masses)
* Fetal malformations
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M Fig. 25.3. Intraoperative photograph of a uterine torsion. Note that puppies in the nontwisted uterine horn were
still alive and viable at the time of C-section.

* Malpresentation that is not amenable to manipulation

* Past history of dystocia or C-section

 Fetal putrefaction

* Maternal evidence of systemic illness

* Suspicion of uterine torsion (Fig. 25.3), rupture, prolapse, or herniation
» Evidence of fetal distress with poor response to medical intervention

Anesthesia

An anesthetic protocol for C-section should be selected with the goal of maximizing
survival of neonates and dam.

Attempts should be made to minimize exposure of the fetus to anesthetics by keeping the
time from induction to delivery as short as possible.

Ideally, the dam should be clipped and prepped prior to induction (Fig. 25.4), equipment
should be out, and the surgeon should be scrubbed and ready.

Induction agents (i.e., propofol 4-7 mg/kg IV slowly) should be given to effect.

* Propofol (4-6 mg/kg IV) or mask inductions are most commonly used for C-section
at this time and have been associated with reduced neonatal mortality in dogs.
Regional techniques such as line blocks and epidurals may help to minimize the need for

other drugs.
 Aline block can be performed using 2 mg/kg lidocaine infused along the ventral midline.
o Alternately, epidural lidocaine may be administered in dogs at a dose of 2-3 mg/kg,
not to exceed a total volume of 6mL.
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M Fig. 25.4. Preoperative photograph of shaving a bitch prior to anesthetic induction to minimize anesthetic time on
the bitch and puppies.

= Anesthetic agents that have been associated with increased neonatal mortality include
thiopental, ketamine, xylazine, medetomidine, and methoxyflurane.

V] COMMENTS

Client Education

® Owners of pregnant dogs or cats should be educated about the clinical signs of dystocia
and given clear instructions concerning when veterinary intervention is required.

Expected Course and Prognosis

® The prognosis for medical management of dystocia is guarded, with success rates of
20-40% in the veterinary literature. Additionally, stillbirth rates have been shown to rise
when dystocia is allowed to continue for greater than 4.5-6 hours from the onset of second
stage labor in the dog. For these reasons, the decision to proceed to C-section should not
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be delayed if response to medical management is poor or unlikely to result in successful
delivery. In recent studies, neonatal survival rates following surgical treatment of dystocia
have been reported at 92% at birth, with 80% still alive at 7 days post C-section.

Abbreviations

ECG: electrocardiogram
IV:  intravenous

PCV: packed cell volume
TS:  total solids
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Electric Cord Injury

] DEFINITION/OVERVIEW

® Electric cord injury is an uncommon event that occurs when an animal bites an electric
cord.

m Other causes of electrocution are uncommon in dogs and cats but can occur.

= Household electrical currents are alternating (60 Hz) and dangerous.

® Injury can be due to thermal injury or due to disruption of normal electrophysiologic
activity of excitable tissue.

® Pulmonary edema can be a sequela to electrocution and the pathophysiology is thought
to be noncardiogenic and likely neurogenic and centrally mediated, leading to pulmonary
hypertension.

® Cataract formation has been reported following electrocution.

il SIGNALMENT /HISTORY

® Seen in dogs and cats.

= More commonly reported in dogs.

® More commonly seen in young or inquisitive animals. In published reports age ranged
from 5 weeks to 1.5 years, Veterinary Medical Database suggests 2—12 months of age.

® No breed or sex predilections.

= No genetic basis.

Signs

Burns of gingiva, tongue, palate (Fig. 26.1)
Singed hair or whiskers

Acute respiratory difficulty

Coughing

Tachypnea

Orthopnea

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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M Fig. 26.1. Burn in commissure of mouth and tongue caused by biting an electric cord.

Increased respiratory effort

Cyanosis

Crackles during pulmonary auscultation
Cardiac arrhythmias

Muscle tremors

Tonic-clonic activity

Collapse

Risk Factors/Causes

® Chewing electrical cord
® Young animals
® Primarily dogs but also reported in cats

,y DIFFERENTIAL DIAGNOSIS

® Primary upper airway disease.
® Primary lower airway disease.
® Primary pulmonary disease.
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Left-sided congestive heart failure — may be due to congenital or acquired heart disease.
The presence of cardiac murmur or dysrhythmia may help differentiate, but dysrhythmias
may be seen with electric cord injury.

Vitamin K antagonist, rodenticide intoxication — history, PT, PTT, and PIVKA.

Thoracic trauma — history and thoracic radiographs.

Pleural space disease — muffled lung sounds during auscultation and thoracic radiographs.
Thermal or chemical injuries — history, physical examination, and thoracic radiographs.
Exposure to fire and smoke inhalation — history and physical examination.

Atypical pneumonia — history, physical examination, and thoracic radiographs.

E DIAGNOSTICS

Complete Blood Count/Biochemistry/Urinalysis

Typically no abnormalities

Possible abnormalities related to tissue necrosis
Hyperkalemia

Myoglobinemia

Myoglobinuria

Hemoglobinemia

Hemoglobinuria

Hyperlactatemia

Hyperglycemia

Other Laboratory Tests

Arterial blood gas analysis may indicate hypoxemia.

Imaging

Thoracic radiographs may help distinguish between cardiogenic and noncardiogenic
causes of pulmonary edema.

The radiographic pattern is usually a generalized, mixed alveolar bronchial pattern. The
edema is often most notable in the diaphragmatic lung lobes (Fig. 26.2).
Echocardiography may help identify underlying cardiac disease.

Diagnostic Procedures

ECG may help distinguish cardiogenic disease from noncardiogenic disease, but dysrhythmias
may be seen with electrocution

Pathologic Findings

Pink, frothy fluid in airways
Fluid-filled, congested lungs
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M Fig. 26.2. Lateral thoracic radiograph of a dog with noncardiogenic pulmonary edema secondary to electrocution/
electric cord injury.

m Subendocardial and subepicardial petechiae
® Circumscribed, pale gray or tan oral lesions

') THERAPEUTICS

If patient is close to live wire, turn off electricity or remove patient to safe area.
Establish patent airway if patient is unconscious.

Oxygen supplementation.

Mechanical ventilation may be required.

Establish venous access.

Management of thermal injuries.

Drugs of Choice

m If in shock, treat with intravenous crystalloids (90 mL/kg per hour in dogs, 45-60 mL/kg
per hour in cats) or colloids plus or minus hypertonic saline; administer in incremental
boluses until blood pressure has normalized.

m If pulmonary edema is present, the use of furosemide is controversial (24 mg/kg IV or IM,
0.7-1mg/kg/h IV CRI) if hemodynamically stable.

® Corticosteroids have been used but are of unknown value and are not recommended.
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Inotropic support if required.

Antiarrhythmic therapy if required.

Oral and cutaneous burns — treat symptomatically.
Analgesia if required, typically with opioid agents.

COMMENTS

Patient Monitoring

Patient should be monitored until stable.

Physical examination.

Oral lesions should be monitored and may prevent the animal from eating.
Electrocardiography.

Central venous pressure.

Blood pressure.

Arterial blood gas analysis.

Thoracic radiographs.

Prevention/Avoidance

= Damaged electric cords should be discarded.
= Avoid animal exposure to electric cords.
m Follow child safety rules for a safe home.

Possible Complications

® Infected burn wounds can occur but are uncommon.
®m Qral-nasal fistula due to severe burns and tissue necrosis.

Expected Course and Prognosis

The prognosis is based on the response to therapy.

Pulmonary edema can develop as soon as 1 hour and as late as 36 hours after the incident.
Pulmonary edema associated with electrocution is associated with high mortality (38.5%).
If the patient survives the first 24 hours, the prognosis improves.

Resolution of pulmonary edema may take 3-5 days.

Most oral lesions resolve.

Inappetence related to oral lesions resolves; severe cases may require placement of a
feeding tube.

Associated Conditions

m Cataracts have been reported in one dog 18 months after electrocution.
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Abbreviations

CRI: constant rate infusion
ECG: electrocardiogram
IM: intramuscular

Iv: intravenous

PT: prothrombin time

PTT:  partial thromboplastin time
PIVKA: protein-induced by vitamin K absence/antagonism
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Epistaxis

] DEFINITION/OVERVIEW

® Hemorrhage from the nose (Fig. 27.1).

[~ ETIOLOGY/PATHOPHYSIOLOGY

Results from either local or systemic disease processes.

m With local disease, nasal blood vessels rupture after direct trauma or erosion by infection,
inflammation, or neoplasia.

m Systemic diseases cause hemorrhage by hemostatic defects (such as thrombocytopenia,
vitamin K antagonist rodenticide intoxication) or increased vascular fragility.

M Fig. 27.1. Epistaxis secondary to bacterial rhinitis in a Great Dane.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Systems Affected

m Respiratory: hemorrhage or sneezing
= Hemic/lymphatic/immune: anemia
= GI: melena or hematemesis
Incidence/Prevalence

® Local processes are the most common cause of epistaxis.

Geographic Distribution

m See other sources for areas endemic to fungal, rickettsial, and other infectious diseases.

-F' SIGNALMENT/HISTORY

Varies with underlying cause.
Coagulopathies: young, purebred dogs
Infectious/traumatic: young to middle-aged
Immune mediated: middle-aged, female dogs
Neoplasia: older animals

Historical Findings

Nasal hemorrhage

Sneezing

Pawing at nose

With coagulopathy: hematochezia, melena, hematuria, or hemorrhage in other areas of
the body

= With hypertension: blindness, CNS signs

Physical Examination Findings

Nasal hemorrhage

Melena, commonly from swallowing blood

Sneezing

Pawing at nose

Facial asymmetry, usually secondary to neoplasia

Decreased nasal airflow

Polypoid masses extending from the nares: rhinosporidiosis, pheohyphomycosis,
cryptococcosis, or neoplasia

Decreased ability to retropulse the globe

® Epiphora or exophthalmos
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Regional lymphadenomegaly

Oral exam: palatal defect, mass, oronasal fistula, or severe periodontal disease

Fundic exam: chorioretinitis, retinal hemorrhage, tortuous retinal vessels

With cryptococcosis: nasal convexity (“Roman nose”)

With aspergillosis or squamous cell carcinoma: ulceration or depigmentation of the nasal
planum

With coagulopathy: petechia, ecchymosis, hematomas, hematochezia, and hematuria

Risk Factors/Causes

Systemic Disease

Thrombocytopenia

Spontaneous hemorrhage unlikely unless platelet count is less than 50 000/uL.

Decreased production: infectious (i.e., ehrlichiosis, FelV, FIV, RMSF, hepatozoonosis,
septicemia, endotoxemia, anaplasmosis or leishmaniasis), toxic (i.e., cytotoxic drugs,
estrogens, sulfas, methimazole, or phenobarbital), neoplasia (i.e., myelophthisis, plasma
cell tumor/myeloma or hyperestrogenism), cyclic thrombocytopenia, myelofibrosis, or
myelodysplasia.

Destruction: immune mediated (i.e., idiopathic, secondary to drugs, neoplasia, infection,
or vaccines) or microangiopathy.

® Sequestration in the spleen, liver, or tumors.
= Consumption: DIC, vasculitis, or hemorrhage.

Thrombocytopathia

Congenital: vWD, platelet procoagulant activity deficiency in German shepherds
or Glanzmann’s thrombasthenia in Great Pyrenees, basset hound, and foxhound
thrombopathia.
Acquired: NSAID, hyperglobulinemia (i.e., ehrlichiosis, multiple myeloma, leishmani-
asis), or uremia.

Coagulation Factor Defects

More likely to cause intracavitary hemorrhage.
Congenital: hemophilia A (factor VIII deficiency) or hemophilia B (factor IX deficiency).
Acquired: anticoagulant rodenticide toxicosis, hepatic failure, or DIC.

Increased Vascular Fragility

Hypertension: renal disease, hyperadrenocorticism, hyperthyroidism, pheochromocy-
toma, or idiopathic.

® Hyperviscosity: hyperglobulinemia, polycythemia, or leukemia.
® Hyperlipidemia.
® Vasculitis: immune mediated or rickettsial.
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Local Disease

Trauma.
Oral/dental disease: oronasal fistula or tooth root abscess.
Foreign body inhalation: grass awns, splinters, or small objects.
Infectious.
 Viral: feline viral rhinotracheitis or calicivirus
 Bacterial: Bordetella, Pasteurella, or Mycoplasma
e Fungal: aspergillosis, penicilliosis, cryptococcosis, rhinosporidiosis, pheohyphomy-
cosis, or pythiosis
 Parasitic: mites or nematodes
Immune mediated: lymphoplasmacytic rhinitis or allergic rhinitis.
Neoplasia: adenocarcinoma (most common in dogs), lymphoma (most common in cats),
undifferentiated carcinoma, chondrosarcoma, squamous cell carcinoma, fibrosarcoma,
hemangiosarcoma, osteosarcoma, melanoma, TVT, plasmacytoma, myeloma or nasopha-
ryngeal polyps.
Environmental: humidity changes.
Rupture of arteriovenous malformations.
vWD: Dobermans, Shetland sheepdogs, Airedales, German shepherds, Scottish terriers,
and Chesapeake Bay retrievers.
Thrombasthenia: otterhounds and Great Pyrenees.
Thrombopathia: basset hounds and foxhounds.
Hemophilia A: German shepherds.
Hemophilia B: cairn terriers, coonhounds, and Saint Bernards.
Aspergillosis: German shepherds.
Neoplasia: dolicocephalic breeds.

CSJ) DIFFERENTIAL DIAGNOSIS

In general, systemic causes should be ruled out prior to investigation of nasal disease.
The signalment, history (including character and duration of nasal discharge/epistaxis),
and physical examination can greatly help prioritize differentials.

E DIAGNOSTICS

Complete Blood Count/Chemistry/Urinalysis

Anemia: regenerative or nonregenerative depending on chronicity.
Schistocytes: microangiopathy (neoplasia or DIC).

Leukocytosis: chronic inflammation or infection.

Leukopenia: chronic ehrlichiosis, cytotoxic drug administration, or sepsis.
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Thrombocytopenia.

Macroplatelets: platelet destruction or consumption.

Pancytopenia: bone marrow disease.

Panhypoproteinemia due to blood loss.

Hyperglobulinemia: neoplasia or chronic infections.

High BUN with normal creatinine due to ingested blood or GI hemorrhage.
Azotemia: renal failure-induced hypertension or uremic thrombocytopathia.
Elevated liver enzymes or hyperbilirubinemia: hepatic disease.

Hematuria: coagulopathy.

Isosthenuria: renal failure-induced hypertension or uremic thrombocytopathia.
Proteinuria: hyperglobulinemia.

Other Laboratory Tests

® PT/aPTT: abnormal in patients with coagulation factor defects.
= BMBT: abnormal in patients with thrombocytopathia, inherently prolonged with throm-

bocytopenia (not indicated).

® vWF assay.
® Thyroid hormone levels in cats.
m Serology for heartworm, FelV, FIV, Cryptococcus, Aspergillus (poor sensitivity and specificity),

Ehrlichia, RMSE

m Fecal flotation: ova of nasal parasites may be swallowed and shed in feces.
m Serum protein electrophoresis: to distinguish between monoclonal or polyclonal

gammopathy.

Imaging

® Thoracic radiographs may show evidence of fungal disease or metastatic neoplasia.
m Skull radiographs are difficult to interpret but may reveal osteolysis with neoplasia or

fungal rhinitis or opacity in the tympanic bulla in cats with nasopharyngeal polyps.

® Dental radiographs: tooth root abscesses.
®  CT/MRL: superior to radiography for nasal disease.

Diagnostic Procedures

Blood pressure.

Sedated oral exam.

Cytology of nasal discharge may identify Cryptococcus organisms.

Rhinoscopy: visualization and biopsy of foreign bodies, masses, fungal plaques, and nasal
parasites.

Nasal cavity flushing to remove foreign bodies or retrieve tissue for histopathology.

® Exploratory rhinotomy/turbinectomy, if less invasive tests are nondiagnostic.
® Bone marrow aspirate or biopsy for diagnosis of thrombocytopenia or pancytopenia.



188

SMALL ANIMAL EMERGENCY AND CRITICAL CARE

THERAPEUTICS

m General: stop hemorrhage and provide supportive care.
p g p pp

Cage rest, ice packs, pressure to the nose or maxillary arteries

Sedation

Intranasal vasoconstrictors (i.e., epinephrine or phenylephrine)

Packing of the nasal cavity with gauze soaked in Vaseline or dilute epinephrine
Ligation of the external carotid artery in refractory cases

Intravenous fluids for hypovolemia and blood transfusion for severe anemia

m Specific: varies with cause.

vWD: fresh frozen plasma or cryoprecipitate

Thrombasthenia and thrombopathia: no treatment

Hemophilia: plasma or cryoprecipitate for acute bleeding; no long-term treatment
Anticoagulant rodenticide toxicosis: fresh or frozen plasma followed by vitamin K
Immune-mediated thrombocytopenia: immunosuppression

Hyperviscosity: plasmapheresis, phlebotomy, treatment of underlying cause
Vasculitis: doxycycline for rickettsial disease; corticosteroids for immune-mediated
disease

Fungal rhinitis: intranasal or oral antifungal therapy or turbinectomy

Foreign body: removal by rhinoscopy or rhinotomy

Hypertension: ACE inhibitors, beta-blockers, calcium channel blockers, treat under-
lying disease

Neoplasia: varies by tumor type

Drugs of Choice

® Immune-mediated thrombocytopenia: prednisone 1-2 mg/kg every 12 hours or equivalent
doses of other corticosteroids; vincristine 0.02 mg/kg IV once; additional immunosuppres-
sion may be needed in refractory cases.

® Anticoagulant rodenticide toxicosis: vitamin K 5mg/kg PO divided daily, 15-20 mlL/kg
fresh frozen plasma.

= Fungal rhinitis: itraconazole 5mg/kg PO every 12 hours for cryptococcosis.

® Vasculitis: doxycycline for rickettsial diseases (5mg/kg every 12 hours for 3-6 weeks),
corticosteroids at antiinflammatory doses.

® Hypertension: enalapril or benazepril 0.25-0.5mg/kg every 12-24 hours, propranolol
0.5-1.0mg/kg every 8 hours, atenolol 2 mg/kg every 24 hours, diltiazem 0.5-1.5 mg/kg
every 8 hours (dog), 1.75-2.5mg/kg every 8 hours (cat), or amlodipine 0.625mg every
24 hours (cat).

® Yunnan Paiyao (Yunnan Baiyao):

* Dog: open capsule and sprinkle on superficial wounds, bleeding tumors, etc.

O <15kg: 1 capsule PO twice a day
O 15-30kg: 2 capsules PO twice a day
O >30Kkg 2 capsules PO three times a day
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* Cat: open capsule and sprinkle on superficial wounds, bleeding tumors, etc.
O 1/2 capsule PO twice a day

Contraindications

® Avoid drugs that predispose to hemorrhage (i.e., NSAIDs or heparin) or hypertension
(i.e., phenylpropanolamine).

Precautions/Interactions

Use sedation with caution to avoid hypotension.

Animals with altered mentation or under sedation may aspirate blood.
Monitor renal values when using ACE inhibitors.

Substantial hemorrhage may occur after rhinoscopy or biopsy.

COMMENTS

Platelet count in thrombocytopenic animals.

Coagulation profile in animals with coagulation factor defects.

Blood pressure in animals with hypertension.

Rhinoscopy to confirm resolution of fungal rhinitis.

Globulins or serum protein electrophoresis in animals with hyperglobulinemia.

Abbreviations

ACE: angiotensin converting enzyme

aPTT: activated partial thromboplastin time
BMBT: buccal mucosal bleeding time

BUN:  blood urea nitrogen

CNS:  central nervous system

CT: computed tomography

DIC:  disseminated intravascular coagulation
FelV: feline leukemia virus

FIV:  feline immunodeficiency virus
GI: gastrointestinal
IV: intravenous

MRI:  magnetic resonance imaging
NSAID: nonsteroidal antiinflammatory drug
PO: by mouth (per os)

PT: prothombin time

RMSF: Rocky Mountain spotted fever

TVT: transmissible venereal tumor

vWD: von Willebrand’s disease

vWEF:  von Willebrand factor
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Esophageal Foreigh Body

E§| DEFINITION/OVERVIEW

® Occurs when a solid object becomes lodged in the esophagus.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Foreign objects that are too large or irregular to pass through the esophagus and become
wedged at normal points of narrowing, including the thoracic inlet, at the heart base, and
distal esophagus.

® QOccasionally smaller items (e.g., kibble) become lodged proximal to an esophageal
stricture.

m Common esophageal foreign bodies include bones, chew toys, fish hooks, dental chew
treats, rawhides, and hair balls (cats).

Systems Affected

®  Gastrointestinal: esophagitis, esophageal stricture
® Respiratory: aspiration pneumonia, pneumothorax

"I"T SIGNALMENT/HISTORY

® Small breed dogs are more frequently affected, with as many as 84% of esophageal foreign
bodies occurring in dogs <8kg when dental chew treats are responsible, and approxi-
mately 67% when the items are bones or toys.

® No sex, breed, or age predilection, although younger animals more often have dietary
indiscretion.

Risk Factors/Causes

® Preexisting esophageal stricture.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emergency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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Historical Findings

®= The most common clinical signs include gagging, regurgitation, vomiting, anorexia, ptya-
lism, lethargy, and cough.
® Ptyalism is observed more frequently in cats.

Q

CLINICAL FEATURES

= Most commonly gagging or dysphagia, regurgitation, anorexia, ptyalism, lethargy, cough,
pain, and frequent swallowing.

® Ptyalism is observed more frequently in cats.

® Tachypnea can be present due to concurrent pneumonia or pain.

A

Esophagitis

Esophageal stricture

Esophageal neoplasia

Vascular ring anomaly

DIFFERENTIAL DIAGNOSIS

Megaesophagus, primary or secondary

DIAGNOSTICS

Thoracic and Cervical Radiographs

® Often reveal an esophageal foreign body; although it can be poorly defined and appear as
a focal soft tissue density (Fig. 28.1).

M Fig. 28.1. Dental chew treat lodged in the midesophagus in a dog.
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® The opposite lateral view can be helpful when the foreign body is poorly delineated.

® Pneumomediastinum, mediastinal edema, or pleural effusion are suggestive of esophageal
perforation; repeat radiographs should be considered following endoscopic foreign body
removal.

Radiographic Contrast Esophagram

® Some esophageal foreign bodies require radiographic contrast swallow to aid delineation,
especially dental chew treats. Avoid barium if there is risk of aspiration.

Esophagoscopy
m Foreign body will be readily visualized (Fig. 28.2).

Pathologic Findings

® Esophageal foreign bodies can cause significant esophageal inflammation, which leads to
a greater risk of stricture or cicatrix formation.
Pressure necrosis and esophageal perforation can also develop.
Esophageal perforation will lead to local inflammation and infection (mediastinitis/
pleuritis); pneumomediastinum or pneumothorax may also be present.

M Fig. 28.2. Esophagoscopy demonstrating bone foreign body lodged in the esophagus.
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3] THERAPEUTICS

The goal of therapy is to remove the foreign body and avoid complications.

Esophageal foreign bodies are often removed via endoscopic techniques; orad removal is
preferred and achieved in approximately 80% of cases. Various graspers and forceps are
utilized.

When objects are difficult to grasp, an inflatable object (e.g., Foley urinary catheter) can
be passed distal to the object. The balloon is subsequently inflated, and the catheter with-
drawn to pull the foreign object orad.

If the foreign object cannot be removed in an orad direction, then attempts should be
made to push it into the stomach. The endoscope itself or other rigid objects (e.g., orogas-
tric tube, long-handled forceps, well-lubricated piece of PVC pipe) can be utilized.
Judicious caution must be employed to avoid damaging a friable esophagus that might
lead to esophageal perforation.

Drugs of Choice

Antacids are often utilized following foreign body removal.
* H, antagonists (famotidine, 0.5 mg/kg twice a day)
e Proton pump inhibitors (omeprazole, 0.7-1.0mg/kg PO twice a day, pantoprazole
1 mg/kg IV once a day), and sucralfate (0.5-1.0g PO three times a day)
Analgesics are indicated as esophageal injury is often painful.
Opioids (e.g., tramadol 1-4 mg/kg 2-3 times a day)
Avoid NSAIDs for management of pain following esophageal foreign body removal.
Topical anesthesia can be fashioned with oral lidocaine mixtures.

Diet

Gastrostomy tubes should be considered when there is severe esophageal inflammation
and risk of developing an esophageal stricture.

Activity

Restrict activity according to recovery from anesthesia or surgery.

Surgical Considerations

Surgical exploration (thoracotomy) may be required when esophageal foreign bodies can-
not be removed or esophageal perforation has occurred.

Gastrotomy should be performed for esophageal foreign bodies that are advanced into
the stomach and are likely to cause gastric or intestinal obstruction. Bone foreign bodies
will often dissolve, but can possibly cause an obstruction if they move into the intestinal
tract.
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COMMENTS

® Foreign body removal with rigid endoscopes has been reported to be more successful than
flexible endoscopes.

m Repeat thoracic radiographs to assess for esophageal perforation (e.g., pneumomediasti-
num; Fig. 28.3) following foreign body retrieval should be considered when retrieval was
difficult or the esophagus is particularly damaged.

® When there is significant esophageal inflammation, consider repeat endoscopy in 5-10
days to examine for esophageal stricture formation.

Client Education
® Following esophageal foreign body removal, clients should monitor closely for signs of

regurgitation, which may indicate development of an esophageal stricture or cicatrix.

Prevention/Avoidance

® Bones, large chew toys, and dental chew treats should be avoided.

Possible Complications

® Esophageal stricture, approximately 10-20% of cases; more frequently with dental chew
treats.

T

M Fig. 28.3. Lateral thoracic radiograph of a dog with an esophageal foreign body caudal to the carina. Note the
prominent aorta and soft tissues due to air in the mediastinal tissues.
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® Esophagitis occurs in the majority of cases (85%).
® Esophageal perforation and mediastinitis/pleuritis, approximately 12% of cases.

Expected Course and Prognosis

® Prognosis is fair to good. Overall mortality rates are 7-25%; esophageal foreign bodies due
to dental chew treats tend to have more complications (e.g., perforation or stricture) and
a higher mortality rate.

Abbreviations

Iv: intravenous
NSAID: nonsteroidal antiinflammatory drug
PO: per os
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Ethylene Glycol Toxicity

DEFINITION /OVERVIEW

= Ethylene glycol is a dihydric alcohol compound that is water soluble, and is used in many
commercially available antifreeze preparations used to prevent freezing of automotive
radiators.

m Ethylene glycol often is sweet-tasting, making it desirable and palatable for consumption
by small animals.

m Other potential sources of ethylene glycol include paint preparations, windshield wiper/deic-
ing fluid, photography developing solutions, brake fluid, and rust and paint/wood solvents.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Following ingestion, ethylene glycol is quickly absorbed from the gastrointestinal tract
within 1 hour, and reaches peak concentrations in the blood and peripheral tissues within
3—4 hours of ingestion.

m Ethylene glycol is metabolized by hepatic alcohol dehydrogenase within 1-2 hours of
ingestion to a number of toxic by-products that include glycoaldehyde, glycolic acid,
glyoxylic acid, hippuric acid glycine, formic acid, oxalic acid, and calcium oxalate.

® The presence of by-products and acids causes a high anion gap metabolic acidosis.

® Serum calcium binds with oxalic acid and creates calcium oxalate crystals that precipitate
in peripheral tissues, including the brain and kidneys.

® Precipitation of calcium oxalate crystals in the kidneys leads to AKI, ARE and death.

Systems Affected

® Renal/urologic:
* Precipitation of calcium oxalate crystals in renal tubules causes renal tubular damage.
* Azotemia with elevated BUN and creatinine.
* Hyperphosphatemia.
e Calcium oxalate monohydrate crystalluria, renal tubular casts, glucosuria, and
hematuria may be present.
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= Metabolic:
* High anion gap metabolic acidosis
O Anion gap (AG) = (Na" + K") = (CI" + HCO3")
O Normal is 10-20; unmeasured anion metabolites of ethylene glycol cause AG
to become characteristically > 40
* Hyperosmolality
* Hyperglycemia
* Hypocalcemia
* Acidemia with pH <7.2
® Gastrointestinal: nausea, inappetence, ptyalism, vomiting, hematemesis
m Cardiovascular: tachycardia
= Pulmonary: panting/tachypnea
® Neurologic: ethylene glycol crosses the blood—brain barrier, and can cause sedation;
once uremia secondary to renal failure occurs, seizure, somnolence, coma and death
can result.
sy
a SIGNALMENT/HISTORY
® FEthylene glycol exposure can occur at any time but appears to be seasonal when antifreeze

is being changed from motor vehicles, and opening or closing up recreational vehicles
such as campers, motorhomes, and seasonal cabins (spring, summer, and fall).

® Witnessed ingestion.
m Potential for purposeful poisoning.

Risk Factors/Causes

More commonly seen in animals that are allowed outdoors unattended, but often expo-
sure occurs at home in a driveway or garage.

More commonly reported in areas of the country that require antifreeze for automotive
radiators to prevent freezing.

Ethylene glycol has a sweet taste, making it palatable for dog and cats to ingest.

Q CLINICAL FEATURES

Phase 1 (30 minutes to 12 hours after ingestion): ataxia, polydipsia, polyuria, increased
respiratory rate

Phase 2 (12-14 hours after ingestion): lethargy, depression, anorexia, nausea/ptyalism,
vomiting, dehydration

Phase 3 (12-24 hours or more after ingestion): progressive lethargy, vomiting, uremic oral
and gastrointestinal ulcers, ptyalism, halitosis, dehydration, oliguria, anuria, seizure, coma,
death
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(y DIFFERENTIAL DIAGNOSIS

= Toxins that cause ataxia/sedation: alcohol (ethanol, methanol), marijuana, xylitol, propyl-
ene glycol, ivermectin, barbiturates, benzodiazepines

® Other causes of high anion gap metabolic acidosis: diabetic ketoacidosis (DKA), salicylate
intoxication, other causes of uremia, methanol, ethanol

= Hypoglycemia secondary to sepsis, hypoadrenocorticism, insulin overdose, xylitol

= Nonspecific gastroenteritis

m Other causes of renal failure: toxin (lily, aminoglycoside antibiotics, NSAID, grape/raisin,
cyclosporine, acetaminophen), infectious (leptospirosis, Lyme nephritis), hypotension

E DIAGNOSTICS

= Anion gap: high anion gap metabolic acidosis.

= Blood pH: metabolic acidosis with low blood pH/acidemia, and low HCO3™ and low total
co,.

= Electrolytes: hyperkalemia, hypocalcemia.

m Cageside test for ethylene glycol (Kacey test).

* Measures ethylene glycol in blood. False-negative tests can occur after 12 hours of
ingestion, if ethylene glycol has been metabolized to toxic metabolites.

e In some instances, the level of detection/sensitivity of the test (50 mg/dL) is
below the level required for toxicity, so false negatives can occur in cats and
small dogs. False positives occur with propylene glycol and drugs with propyl-
ene glycol carriers (etomidate, diazepam), as well as with some activated char-
coal preparations.

® Biochemistry: azotemia (elevated BUN and creatinine) occurs 24 hours or more after
ingestion, hyperphosphatemia can occur early due to rust inhibitors, and later as renal
failure progresses and renal excretion of phosphorus decreases.

® Urinalysis: isosthenuria (within 3 hours of ingestion), glucosuria, calcium oxalate crystal-
luria (monohydrate > dehydrate), proteinuria, renal tubular casts, hematuria.

® Serum osmolality: (normal 280-310 mOsm/kg) elevated up to 450 mOsm/kg within 3 hours
of ingestion.

1.86(Na” + K") + glucose /18 + BUN/2.8 +9

Other Laboratory Tests

® Ultraviolet lamp (Wood’s lamp): may fluoresce green around paws, face/muzzle, and
prepuce/vulva, due to fluorescent dye added to antifreeze solutions; false positives can
occur.

® Human hospital GCMS.
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Imaging

® Abdominal radiographs: subjectively, kidneys may appear more radioopaque.
® Abdominal ultrasound: kidneys may be normal to enlarged, and have hyperechoic renal
cortices (hyperechoic “rim sign”).

ey THERAPEUTICS

® Induction of emesis (apomorphine 0.02-0.4 mg/kg IV) within 1 hour of ingestion.
® Intravenous crystalloid fluid for rehydration and maintenance fluid requirements (2-3x
maintenance unless concurrent significant cardiac disease is present).
® Sodium bicarbonate to treat severe metabolic acidosis pH <7.1.
= Antiemetic drugs:
e Maropitant 1 mg/kg IV, SQ q24h
* Dolasetron 0.6 mg/kg IV q24h
= Proton pump inhibitors:
* Pantoprazole 1 mg/kg IV q24h
* Omeprazole 1 mg/kg PO ql12h (canine), q24h (feline)
® Histamine receptor blockade:
e Famotidine (0.5-1mg/kg IV q12-24h)
® Sucralfate (0.25-1g PO q8h)
® Phosphorus/phosphate binders:
e Aluminum hydroxide (2-10 mL PO q6-8h)

Drugs/Antidotes of Choice

® 4-Methylpyrazole (4-MP): a direct inhibitor of the alcohol dehydrogenase enzyme, caus-
ing ethylene glycol to be eliminated unchanged, before conversion to toxic metabolites.
¢ Is effective in dogs if administered within 8 hours of ingestion, effective in cats if
administered within 3 hours of ingestion.
* Canine dose: 20mg/kg IV once, then 15mg/kg 12 and 24 hours after first dose, then
5mg/kg at 36 hours after first dose.
* Cats: effective dose for cats is 125 mg/kg IV once, then 31.25mg/kg IV at 12, 24, and
36 hours after the first dose.
e CNS depression can occur.
e Trembling, ptyalism, tachypnea, anaphylaxis (rare).
m Ethanol: continue until ethylene glycol test is negative.
e Canine.
O 20% ethanol, canine: 5.5ml/kg IV every 4 hours for five treatments, then
5.5ml/kg IV every 6 hours for five treatments
O 5% ethanol as a constant rate infusion of 5.5 ml/kg/h until ethylene glycol test
is negative
O 5% ethanol 12ml/kg 1V, followed by 2 ml/kg/h IV CRI
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* Feline.
O 20% ethanol 5.5ml/kg IV every 6 hours for five treatments, then every 8 hours
for five treatments
O 30% ethanol 1.3 ml/kg IV then 0.42ml/kg/h for 48 hours
e Vomiting, depression, hypoventilation, and hypothermia can occur as a result of
ethanol therapy.

COMMENTS

® Neither 4-MP nor ethanol is effective if started more than 8 hours after ingestion of eth-
ylene glycol.

Miscellaneous

® Prevention is the best method of avoiding ethylene glycol toxicity (keeping animals
leashed/indoors/supervised).

® Hemodialysis may be effective in removal of ethylene glycol from circulation, if initiated
within 5-6 hours of ingestion.

Patient Monitoring

Urine output: maintain at a minimum of 1 mI/kg/h
Serial body weight to measure hydration
Urine/fluid “ins and outs”

Blood pressure

Ionized calcium, venous blood gas, electrolytes
BUN and creatinine

Possible Complications

Vomiting
Somnolence/coma
Dehydration
Metabolic acidosis
Renal failure
Hyperkalemia
Atrial standstill
Oligoanuria
Seizures

Death
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Expected Course and Prognosis

® Prognosis is good with early recognition and treatment (antidote within 8 hours for dogs,
and within 3 hours for cats).
Prognosis is poor to grave if azotemia, oliguria or anuria exists.
Recovery of renal tubular function may take weeks to months.
Overall mortality ranges from 59% to 70%.

Synonyms

= Antifreeze

Abbreviations

4-MP: 4-methylpyrazole

AG: anion gap

AKI: acute kidney injury

ARF:  acute renal failure

BUN: blood urea nitrogen

CNS:  central nervous system

CRI:  constant rate infusion

GCMS: gas chromatography mass spectometry
IV: intravenous

NSAID: nonsteroidal antiinflammatory drug
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Feline Bronchitis

DEFINITION/OVERVIEW

®  Chronic bronchitis: inflammation in the airways (bronchi and bronchioles); presents clin-
ically as a chronic cough of greater than 2 months’ duration in dogs, although the duration
of cough in cats has not been defined.

® Asthma: acute or chronic airway inflammation associated with increased responsiveness
of the airways to various stimuli, airway narrowing due to smooth muscle hypertrophy/
constriction, reversibility of airway constriction, and presence of eosinophils, lympho-
cytes, and mast cells within the airways.

m These criteria are often difficult to determine or document, thus feline bronchopulmonary
disease (FBD) is used more commonly to describe the clinical disease in cats of acute or
chronic coughing or wheezing accompanied by lower airway inflammation.

[~ ETIOLOGY/PATHOPHYSIOLOGY

= Noxious (e.g., smoke) or allergic stimuli trigger inflammation within the lower airways.
The inflammatory mediators cause mucosal airway damage that releases more inflamma-
tory mediators.

® Bronchiolar smooth muscle constriction — reversible either spontaneously or in response
to antiinflammatory drugs or beta-2 agonists.
Smooth muscle hypertrophy implies chronicity: usually not reversible.
Increase in mucosal goblet cells, mucus production, and edema of bronchial wall.
Excessive mucus can cause bronchiolar obstruction and lead to atelectasis or bronchiecta-
sis (dilated airways often obstructed with mucus).

® Chronic inflammation within the airways may lead to fibrosis.

Systems Affected

® Respiratory.
® Cardiac: chronic airway disease can lead to pulmonary hypertension and secondary right-
sided heart disease; this is rarely appreciated in cats.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion website: www.fiveminutevet.com/emergency
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Geographic Distribution

® Worldwide. Parasitic causes of airway inflammation are more common in southern and
midwest US. Heartworm disease is more prevalent in southern US. Paragonimus kellicotti
is found in the Great Lakes region. Aelurostrongylus abstrusus is found worldwide, and is
particularly common in free-roaming cats.

Ll SIGNALMENT /HISTORY

Species

m (Cats.

Breed Predilections

m Siamese overrepresented in some studies.

Mean Age and Range

® Any age; more common between 2 and 8 years. Older cats (>12 years) rarely have new-
onset FBD; if suspected, careful clinical evaluation should be performed to exclude other
causes.

Predominant Sex

= One study shows females overrepresented but this is not a consistent finding.

Historical Findings

® Coughing (80%), sneezing (60%), labored breathing or wheezing (40%).
m Signs are typically episodic and can be acute or chronic.
m Jethargy and inappetence are occasionally reported.

Physical Examination Findings

m Severely affected cats may present with open mouth breathing, tachypnea, and
cyanosis.

® Increased tracheal sensitivity is common.

® Chest auscultation may reveal crackles or expiratory wheezes or may be normal.

m Labored breathing, typically a moderate-to-severe increase in expiratory effort with an
abdominal push on expiration. Inspiratory effort is usually much less affected.

m Heart rate is typically normal to bradycardic, although stress may result in tachycardia.
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Risk Factors/Causes

Exposure to cigarette smoke, dusty cat litter, hair sprays, and air fresheners could possibly
exacerbate disease in some cats.

Parasitic lung infections are more common in outdoor cats in certain geographic locations.
Use of potassium bromide has been implicated as a cause for signs of bronchitis or asthma
in some cats and for this reason, KBr is rarely used in cats.

Triggers of airway inflammation are largely unknown.

(S»Z DIFFERENTIAL DIAGNOSIS

Diseases primarily affecting lung parenchyma. Rule out infectious pneumonia (toxoplas-
mosis, FIP, bacterial pneumonia, histoplasmosis). Idiopathic pulmonary fibrosis may also
result in respiratory distress.

Dirofilaria immitis (heartworm) and primary lung parasites (Aelurostrongylus abstrusus,
Capillaria aerophilia, and Paragonimus kellicotti).

Primary or metastatic neoplasia also similar in clinical and, occasionally, radiographic
appearance. Severe bronchial disease may occasionally be radiographically mistaken for
metastatic disease.

Primary cardiac disease may appear clinically and radiographically similar in certain
instances, but these cats typically do not have a history of cough or have tracheal sensitiv-
ity on physical examination.

E DIAGNOSTICS

Complete Blood Count/Biochemistry/Urinalysis

Frequently normal.

Less than 40% of cats with allergic airway disease have a peripheral eosinophilia. Periph-
eral eosinophilia is more common with parasitic infection or eosinophilic pulmonary
granulomatosis.

Other Laboratory Tests

Fecal exams: flotation examination for Capillaria, sedimentation for Paragonimus, Baer-
mann technique for Aelurostrongylus. False negatives occur.

Heartworm testing: both antigen and antibody test recommended.

Pulmonary lung function testing: available in select academic institutions or specialty
practices. Increased airway resistance is the classic finding; affects expiratory parameters
more than inspiratory.

RAST or intradermal skin testing: a correlation between skin and respiratory allergies has
not been documented at this time.

Feline NT-proBNP: a negative result may aid in excluding cardiac disease as a cause of
labored breathing and heighten suspicion of bronchitis.
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Imaging

Radiography

m (lassically, diffuse bronchial wall thickening and interstitial pattern (Figs 30.1, 30.2).

m Patchy alveolar pattern can be seen as well.

® The severity of radiographic changes does not necessarily correlate with clinical severity
or duration.

w,’ e

M Fig. 30.1. Lateral thoracic radiograph of a cat with bronchitis. Note the bronchiolar thickening, also known
colloquially as “donuts” and “tram lines,” and hyperinflation of the diaphragm.

M Fig. 30.2. Ventrodorsal thoracic radiograph of a cat with bronchitis. Note the bronchiolar thickening, also known
colloquially as “donuts” and “tram lines,” and hyperinflation of the diaphragm.
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® Hyperinflation of lung fields: characterized by a flattened and caudally displaced dia-
phragm, an increase in the distance between the heart and diaphragm or extension of the
lungs to the first lumbar vertebra.
Collapse of the right middle lung lobe has been reported with a frequency of 11% (Fig. 30.3).
Pulmonary lobar arterial enlargement is suspicious for heartworm disease.

Echocardiography
= May be useful when evaluating for the possibility of heartworm disease or pulmonary
hypertension secondary to chronic lung disease.

Diagnostic Procedures

Transoral Tracheal Wash

m Use a sterile endotracheal tube and polypropylene catheter to obtain a cytologic sample;
this allows for sampling of airway fluids at the level of the carina.

= Does not allow for visualization of the lower airways or selective sampling of diseased lung.

Bronchoscopy/Bronchoalveolar Lavage

m Allows for visualization of trachea and bronchi. Excessive amounts of thick mucus are
common with bronchitis. Mucosa of the airways is typically hyperemic and edematous.

® Biopsy or endoscopic brushing possible, although typically not needed with cases of bronchitis.

M Fig. 30.3. Ventrodorsal thoracic radiograph of a cat with bronchitis and atelectasis of the right middle lung lobe.
This may be mistaken in some cases for aspiration pneumonia. Note the thickened bronchiolar markings which are
supportive of bronchitis, rather than aspiration pneumonia.
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m BAL should be performed during bronchoscopy; this allows for sampling of airway fluids
from areas that appear most affected.

Cytology

® Eosinophils and neutrophils are the most prominent cell types. A mixed cell population
occurs in about 21% of cats.
In one study, 22% of cats had normal cytology (macrophages predominated).

= Up to 30% eosinophils on BAL cytology can be found in normal cats. Parasitic and heart-
worm infections will have a high percentages of eosinophils on cytology (Table 30.1).

Bacterial Cultures

= Quantitated cultures are recommended. Significant bacterial colony counts are uncom-
monly obtained in FBD. Significant bacterial growth on a quantitative culture is suggested
to be >100-300 cfu/mL.

= Mycoplasma has been isolated from 21-44% of cats with FBD and was not isolated from
healthy cats. Its role in bronchitis remains controversial.

Biopsy

m Keyhole biopsy is rarely indicated because of the invasiveness of the procedure. Rarely
will the results alter the course of therapy, although they can help differentiate between
idiopathic pulmonary fibrosis and bronchitis.

Pathologic Findings

® Histologic findings consistent with FBD include hyperplasia/hypertrophy of goblet cells,
airway smooth muscle thickening, epithelial erosion, and inflammatory infiltrates.

TABLE 30.1. Mean (*SD) differential cell counts from bronchoalveolar lavage fluid obtained from

normal cats in two independent studies.

Study Padrid et al. King et al.
Number 24 11

Total cell count/mL 303 (= 126) 241 (£ 101)
% Macrophages 64 (+ 22) 70.6 (+ 9.8)
% Polymorphonuclear leukocytes 5(x 3) 6.7 (+4)

% Eosinophils 25 (x 21) 16.1 (x 6.8)
% Lymphocytes 4 (+ 3) 46 (+3.2)
% Mast cells <1 (x<1) Not reported
% Epithelial cells 2(x2) Not reported

% Goblet cells <1 (x<1) Not reported
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THERAPEUTICS

Drugs of Choice

Emergency Treatment

Combine the use of oxygen and a parenteral bronchodilator. A sedative often aids in
decreasing anxiety associated with hypoxia. A short-acting parenteral corticosteroid may
also be required. Patient manipulation should be minimized in order to avoid worsening
respiratory distress.

Injectable terbutaline (0.01 mg/kg IV or SQ). You can repeat this dose if no clinical
improvement (decrease in respiratory rate or effort) in 20-30 minutes.

Dexamethasone sodium phosphate (0.25-0.5mg/kg, given IV or SQ). Can repeat if no
improvement visible within 20-30 minutes. Prednisolone sodium succinate (Solu-Delta-
Cortef) can also be used (50-100 mgIV).

Butorphanol tartrate (0.4mg.kg IV or IM) can be used for sedation. Also consider
buprenorphine (0.01 mg/kg) or acepromazine (0.0.01-0.05 mg/kg).

Long-Term Management

Corticosteroids

Decrease inflammation.

Oral treatment is preferred over injectable because doses and duration can be more closely
monitored.

Prednisolone: 0.5-1 mg/kg PO every 12 hours. Begin to taper dose (50% each week) after
2 weeks if clinical signs have improved. If clinical signs resurface, dose should be increased
again to 0.5-1mg/kg PO every 12 hours. Maintenance therapy: 0.5-1mg/kg PO every
24-48 hours. Some patients may be able to use steroids on a seasonal basis only.

® Dexamethasone sodium phosphate: used mainly for an acute crisis.
® [ onger-acting parenteral steroids (Vetalog or Depomedrol) should be reserved for situa-

tions where owners are unable to administer oral medication on a routine basis.

Inhaled Corticosteroids

Newer therapy: requires a form-fitting facemask, spacer, and MDI (Fig. 30.4). Veterinary
brands include Aerokat (Trudell Medical).

The corticosteroid most commonly used in cats as an MDI is fluticasone propionate
(Flovent). The 220 pg or 110 pg Flovent MDI is recommended (2 actuations, 7-10 breaths
every 12 hours) along with other bronchodilators and oral corticosteroids, depending on
the severity of clinical signs.

Flovent is used for long-term control of airway inflammation. Takes 10-14 days to reach
peak effect; during this time oral steroids should be used concurrently.

It has been shown that there is some suppression of the hypothalamic-pituitary axis in
cats with the use of inhaled corticosteroids. Systemic side effects appear to be significantly
less than with parenteral or oral medications.
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M Fig. 30.4. Inhalation therapy with a metered-dose inhaler and facemask in a cat with lower airway disease.

Methylxanthines (i.e., theophylline and aminophylline) inhibit smooth muscle constric-
tion. The pharmacokinetics of aminophylline would suggest that it is unlikely to be an
effective treatment. Sustained-release theophylline formulations are often recommended,
but the pharmacokinetics can vary greatly depending on the brand. The most recent rec-
ommended brands (Inwood brand at 10-15mg/kg PO once a day) are becoming increas-
ingly difficult to obtain. In general, theophylline is rarely helpful.

Beta-2 agonists (i.e., terbutaline, albuterol) should be used in a crisis, not routinely as
resistance may develop.

Inhaled Bronchodilators

Albuterol is the preferred inhalant bronchodilator therapy in cats, providing immediate
relief of bronchoconstriction; its effect lasts less than 4 hours.

Anthelminthics

These are routinely recommended for cats with clinical signs of FBD and airway cytology
that is predominantly eosinophilic. Parasitic bronchitis can be difficult to diagnose based
on airway cytology and fecal examination; empirical therapy is indicated with appropriate
clinical signs and geographic location.

Appropriate medication will depend on the specific parasite suspected in the geographic
region. Consider fenbendazole as the most likely to be effective.

Antibiotics

Use should be based on a positive quantitative culture. Choice of antibiotic therapy is
based on susceptibility testing; the role of Mycoplasma is still being elucidated, but is
likely important in diseased airways. Empiric antibiotic therapy should include coverage
for Mycoplasma.

Contraindications

Beta-2 antagonists (e.g., propranolol) are contraindicated because of their ability to block
sympathetically mediated bronchodilation.
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Precautions/Interactions

Bronchodilators may exacerbate underlying cardiac disease.
Long-term use of steroids increases risk of development of diabetes mellitus and predis-
poses to immunosuppression.

m Use of corticosteroids in cats may unmask occult cardiomyopathy and precipitate conges-
tive heart failure.

= Fluoroquinolones decrease the metabolism of methylxanthines in dogs, although this has
not been investigated in cats. Consider decreasing the dose of methylxanthine by 50%
when used concurrently with a fluoroquinolone. Watch for toxic side effects of the meth-
ylxanthine (e.g., vomiting, diarrhea, tachycardia).

Activity

® Usually self-limited by patient.

Diet

m  Calorie restriction for obese cats.

Appropriate Healthcare

= Removal of patient from the inciting environment may help.
m Patient should be hospitalized for an acute crisis of respiratory distress.

Nursing Care

® Oxygen therapy and sedatives may help in an acute crisis. Minimize manipulation during
a crisis in order to lessen stress and oxygen needs of the animal.

COMMENTS

Client Education

Most causes of bronchitis are chronic, progressive diseases.

Do not discontinue medical therapy when clinical signs have resolved; subclinical inflam-
mation within the lungs is common and can lead to progression of disease.

Lifelong medication and environmental changes may be necessary.

Most clients can be taught to give terbutaline subcutaneously and corticosteroid injections
at home for a crisis situation.

Patient Monitoring

m Owners should watch for and report any increase in coughing, sneezing, wheezing, or
respiratory distress. Medications should be increased appropriately if clinical signs recur.
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® Follow-up radiographs are helpful in the first weeks after initial diagnosis to evaluate
improvement with medical therapy.

® Long-term use of corticosteroids will require blood glucose monitoring every 3—6 months
to screen for diabetes mellitus. Urinary tract infections can occur owing to immunosup-
pression. Owner should watch for signs of PU/PD that may indicate diabetes mellitus or
renal disease.

Prevention/Avoidance

® Eliminate any environmental factors that may trigger a crisis situation (see Risk Factors/
Causes).

® Change furnace and air conditioner filters on a regular basis.

® Consider dust-free litters.

Possible Complications

m Refractory cases or untreated acute episodes can be life threatening.
® Right-sided heart disease may develop as a result of long-term bronchitis.

Expected Course and Prognosis

® Long-term therapy should be expected.

® Most cats do well if recurrence of clinical signs is carefully monitored and medical therapy
appropriately adjusted.

m A few cats will be refractory to treatment; these carry a much worse prognosis.

Associated Conditions

® Cor pulmonale can be a sequela to chronic lower airway disease.

Pregnancy/Fertility/Breeding

® Glucocorticoids are contraindicated in the pregnant animal. Bronchodilators should be
used with caution.

Synonyms

m Allergic bronchitis, chronic obstructive pulmonary disease, asthmatic bronchitis, feline
lower airway disease, extrinsic asthma, eosinophilic bronchitis, immune-mediated airway
disease

Abbreviations

BAL:  bronchoalveolar lavage
BNP:  brain natriuretic peptide
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FBD: feline bronchopulmonary disease

FIP:  feline interstitial pneumonia
IM: intramuscular

IV: intravenous

MDI: metered-dose inhaler

PO: per os

PU/PD: polyuria/polydipsia
RAST: radioallergosorbent testing
SQ: subcutaneously
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Feline Infectious

Peritonitis

DEFINITION/OVERVIEW

m FIP first discovered in the 1960s, is the term describing a complex systemic clinical syn-
drome of domestic, and certain nondomestic, cats resulting from infection with a virulent
biotype of FCoV.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® The clinical syndrome called FIP is known to be caused by a virulent FCoV called FIPV.

= All FCoVs have the potential to cause FIP. However, not all cats with FIPV infection will
develop clinical disease.

® Genetic susceptibility among certain breeds (e.g., Persian), and lines within breeds, may
influence whether or not clinical illness develops.

® The pathophysiology of FCoV infection, and subsequent development of FIP, is complex
and is not completely understood.

® FCoV infection occurs subsequent to fecal-oral transmission, commonly between a queen
and her kittens, especially through contaminated litter.

® Infection via the respiratory tract has been suggested.

® FCoV replication within intestinal epithelium is rapid; viral shedding can occur in feces
within 2 days of ingestion.

= FCoV infection may be subclinical (asymptomatic), may lead to diarrhea only, or may
cause multisystemic disease.

= Most infections are subclinical.

® It is not possible to predict the outcome following infection.

= Multisystemic disease associated with FCoV infection is an immune-mediated disease
leading to widespread vasculitis, a characteristic lesion of FIP.

® Once systemic dissemination of virus occurs, either of two clinical variations, effusive
(“wet”) or noneffusive (“dry”) FIP, may result.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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= Effusive FIP usually develops within 4-8 weeks following infection and typically develops
in the peritoneal or pleural cavities. Effusion is the result of vasculitis, vessel destruction,
and the formation of pyogranulomata.

® Noneffusive FIP is a more chronic disease resulting from a partial cell-mediated immune
response; clinical signs manifest months or years following initial infection.

= Why some cats never develop FIP following FCoV infection is not clear.
Protection is generally associated with CMI, while a systemic humoral immune response
is considered to be harmful or may predispose cats to severe disease following subsequent
infection (antibody-dependent enhancement).

F

SIGNALMENT/HISTORY

® Transient vomiting or diarrhea may warrant veterinary attention during the earliest stages
of clinical FIP (coronaviral enteritis).

® Although cats of any age may develop clinical FIP, about 50% are 2 years of age or younger.

m A history of having been group-housed (i.e., shelter, breeding cattery, rescue group) is

common.

m  Cats with effusive FIP may present with a distended abdomen (abdominal cavity effusion)
or respiratory distress/tachypnea (thoracic cavity or pericardial effusion) (Fig. 31.1).

M Fig. 31.1. Abdominal distension in a 1-year-old cat diagnosed with effusive feline infectious peritonitis.
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Risk Factors/Causes

Risk of FIP is greatest among young cats (usually less than 2 years of age) housed in mul-
ticat households.

Certain breeds (e.g., Persian), and lines within breeds, appear to be more likely to develop
FIP subsequent to FCoV infection.

Stress (e.g., recent surgery, rehousing, cluster housing) may be an important factor con-
tributing to viral shedding and the signs of FIP in FCoV-infected cats.

Q CLINICAL FEATURES

Abdominal effusion (see Fig. 31.1) or respiratory difficulty, associated with pleural cavity
effusion or pericarditis, are among the most common presenting clinical manifestations
of effusive FIP.

Other nonspecific signs may include pallor, icterus, lethargy, palpable abdominal masses
(adhesions or lymphadenomegaly), scrotal enlargement, and fever.

Cats with noneffusive FIP typically present with vague clinical signs.

* Abdominal palpation may reveal nodular irregularities on viscera or enlarged lymph
nodes.

» Several ocular abnormalities have been described in cats with FIP, including iri-
tis (color changes), anterior uveitis, keratic precipitates, and retinal detachment or
hemorrhage.

» Neurologic signs are reported in 25-33% of cats with noneffusive FIP. Nystagmus,
ataxia, and seizures are among the most common neurologic signs reported.

» FIP is not a recognized cause of “fading kitten syndrome” (i.e., death occurring
between birth and weaning), but it is recognized as a cause of death among kittens
after weaning.

(-y DIFFERENTIAL DIAGNOSIS

The lack of specificity among the spectrum of clinical signs associated with FIP warrants
testing any sick cat for FeLV antigen and FIV antibody.

Pregnancy, abdominal neoplasia (lymphoma), hepatic failure, and hydronephrosis should
be considered in cats presenting with abdominal distension.

Cats presented with respiratory distress should be evaluated for cardiomyopathy, conges-
tive heart failure, heartworm disease, pneumonia, lymphoma, and restrictive pleuritis.

E DIAGNOSTICS

Antemortem diagnosis of FIP, particularly noneffusive FIP, is difficult and requires a com-
prehensive assessment of the patient’s history, clinical signs, and laboratory test results.
Besides histopathology, there is no single diagnostic test that can confirm a diagnosis of FIP.
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Hematology may reveal lymphopenia and neutrophilia with a left shift and mild, nonre-
generative anemia (hematocrit <30%).
Hypoalbuminemia with hyperglobulinemia (albumin-to-globulin ratio <0.45) is highly
suggestive of FIP in cats with associated clinical signs and is negative for FeLV and FIV.
Approximately 75% of cats with noneffusive FIP have abnormal serum proteins, making
this simple test an important diagnostic parameter.
In cats with effusive FIP, fluid analysis is extremely useful in establishing a clinical
diagnosis.

* Physical appearance of the fluid collected from the abdominal or thoracic cavities

reveals a viscous, yellow to straw-colored fluid that may form clots on standing and
froths when shaken.

Cytological assessment reveals a relatively hypocellular fluid (<5000 cells/uL) con-
sisting of neutrophils and macrophages (pyogranulomatous fluid) that is absent of
bacteria or neoplastic cells (Fig. 31.2).

Additionally, effusion with a high total protein (3.5 g/dL) or an albumin-to-globulin
ratio <0.45 is highly supportive of FIP.

® Advanced diagnostics.

* Serologic testing for FCoV antibody is commonly used in practice, but this test is

neither a consistent nor reliable indicator of FIP and should not be used as a single-
source diagnostic test.

Virus isolation from effusions of cats with FIP rarely yields positive results and, as
such, availability is limited.

rtPCR has been successful in confirming the presence of FCoV in seronegative cats
and detecting FCoV shedding. While this test is reported to have good sensitivity

U s @&
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M Fig. 31.2. Cytological appearance of abdominal effusion from a cat (see Fig. 31.1) with effusive feline infectious
peritonitis; the pyogranulomatous effusion is characterized by the predominance of neutrophils and macrophages.
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and specificity, rtPCR for FCoV does not specifically identify FIPV or the cause of
FIP, and a positive test does not predict impending FIP in a healthy cat.

* Recently, a commercially available rtPCR test for the detection of FCoV mRNA in
circulating macrophages has become available. The test is based on the fact that
although avirulent FCoV can be found in peripheral blood, replication within mac-
rophages, and expression of mRNA, are unique to FIPV.

Screening Healthy Cats

® Veterinarians may be requested to screen healthy cats for evidence of FIP. In such cases, it
is reasonable to submit serum for FCoV antibody. Cats with a negative titer (usually less
than 1:10 or 1:20) are unlikely to have been exposed to FCoV and are therefore acceptable
candidates for use in breeding programs. However, the clinician must use a reliable labora-
tory that will perform titers to this level.

Pathologic Findings

= Histopathology is the diagnostic test of choice in confirming FIP wherein pyogranuloma is
the defining lesion. Kidney, spleen, and mesenteric lymph nodes are representative tissues
likely to be affected in cats with FIP (Fig. 31.3). Vasculitis is characteristically seen in the
microvasculature of affected tissues.

® Pyogranulomatous mass lesions in the ileocecal colic junction have been reported
in cats.

[ i
METRIC |1 2

B Fig. 31.3. Pyogranuloma on the cranial pole of a kidney from an adult cat that died of complications associated
with noneffusive feline infectious peritonitis. Gross evidence of ischemic injury, subsequent to vasculitis, is present over
the surface of the kidney.
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THERAPEUTICS

m In the absence of FCoV antiviral therapy, treatment centers on management of immune-
mediated injury through judicious use of prednisolone (2—4 mg/kg per day PO once daily
or divided into two doses; the dose can be reduced empirically every 10-14 days until an
optimal response is achieved). Cats with FIP are expected to succumb from complications
associated with the infection. Concurrent administration of antibiotics is indicated.

® Recombinant human IFN has been used in the United States as adjunctive therapy for
cats with FIP. Because cats develop anti-IFN antibody, use of human IFN to treat FIP is no
longer recommended. Recently, recombinant feline IFN-omega (currently not available in
the United States) has been used concurrently with prednisolone to treat cats with FIP.
However, benefits of supplemental IFN, without prednisolone, have not been established.

® Vitamins B, (thiamine), B-complex, C (ascorbic acid), and E, as well as anabolic steroids
and thromboxane synthetase inhibitors, have been administered empirically as supportive
treatment of cats with FIP. The clinical benefits associated with these products have not
been defined.

Expected Course and Prognosis

® The prognosis of any Kkitten or cat with a confirmed diagnosis of FIP is poor.

m Cats with effusive FIP are not likely to live beyond a few weeks.

= Noneffusive FIP, however, is a more chronic clinical disease; with supportive treatment,
affected cats may live for several months or years.

® Cats with neurologic disease caused by FIPV have a grave prognosis and are only expected
to survive for days to weeks despite treatment.

COMMENTS

Client Education

® Beyond the prognosis, owners of cats with FIP who have additional, healthy cats in the
household should be advised of the following.
* Most cats that have been exposed to FCoV are likely to seroconvert within 18-21
days; however, a “positive” FCoV antibody titer does not define infection.
e FCoV infection is common among group-housed cats but is not synonymous with
FIP nor is it predictive of impending FIP.
e Although FCoV is directly transmitted to cats, FIPV, the cause of FIP, is not generally
considered to be a contagious virus.

Prevention/Avoidance

® Prevention of FIP centers on limiting exposure to FCoV, particularly among kittens.
® In breeding catteries, early weaning (by 5 weeks of age) and physical separation of
kittens from adults (and their litter trays) have been shown to be effective measures in
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limiting FCoV infection, and subsequent development of FIP, in kittens housed in mul-
ticat households.

® Immunization of susceptible cats and kittens against FIP has proved to be difficult. To

date, only one vaccine has been licensed as an aid in the prevention of FIP. The vaccine is

a modified-live virus approved for intranasal administration only. Although the vaccine is

generally regarded as safe, efficacy has not been definitively demonstrated in field studies.

* Current feline vaccine guidelines stipulate that the FIP vaccine is “not generally rec-

ommended” on the basis that the vaccine has not been shown to consistently induce
protective immunity.

Abbreviations

CMI:  cell-mediated immunity

FCoV: feline coronavirus

FelLV: feline leukemia virus

FIP:  feline infectious peritonitis

FIPV: feline infectious peritonitis virus

FIV:  feline immunodeficiency virus

IFN:  interferon

mRNA: messenger ribonucleic acid

PO: per os

rtPCR: polymerase chain reaction for viral RNA

Suggested Reading

Addie DD, Ishida T. Feline infectious peritonitis: therapy and prevention. In: Bonagura JD, Twedt DC, eds.
Kirk’s Current Veterinary Therapy XIV. St Louis, MO: Saunders Elsevier, 2009; p. 1295.

Addie DD, Jarrett O. Feline coronavirus infections. In: Greene CE, ed. Infectious Diseases of the Dog and
Cat, 3rd edn. St Louis, MO: Saunders Elsevier, 2005; p. 88.

Andrew SE. Feline infectious peritonitis. Vet Clin North Am Small Anim Pract 2000; 30:987-1000.

Foley JE, Luttenegger C. A review of coronavirus infection in the central nervous system of cats and mice.
J Vet Intern Med 2001; 15:438-444.

Foley JE, Poland A, Carlson J, et al. Patterns of feline coronavirus infection and fecal shedding from cats in
multiple-cat environments. J Am Vet Med Assoc 1997; 210:1307-1312.

Litster AL, Pogranichniy R, Lin TL. Diagnostic utility of a direct immunofluorescence test to detect feline
coronavirus antigen in macrophages in effusive feline infectious peritonitis. Vet ] 2013; 198(2):362-3066.

Pedersen NC. An update on feline infectious peritonitis: diagnostics and therapeutics. Vet J 2014;
201(2):133-141.

Pedersen NC. An update on feline infectious peritonitis: virology and immunopathogenesis. Vet J 2014;
201(2):123-132.

Riemer F, Kuehner KA, Ritz S, Sauter-Louis CM, Hartmann K. Clinical and laboratory features of cats with
feline infectious peritonitis — a retrospective study of 231 confirmed cases (2000-2010). J Fel Med Surg
2016; 18(4):348-356.

Author: Elisa M. Mazzaferro, MS, DVM, PhD
Acknowledgment to the author of the original chapter in Blackwells Five-Minute Veterinary Con-
sult Clinical Companion: Small Animal Emergency and Critical Care, First Edition: Richard B. Ford.



Feline Leukemia

Virus Infection

DEFINITION/OVERVIEW

m FelV is a retrovirus (gamma-retrovirus, oncornavirus) that causes immunosuppression
and lymphocytic neoplasia in domestic cats.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Horizontal transmission (oronasal or bite wounds): viral replication is in local lymphoid
tissues, infected cells carry virus to target lymphoid tissues (i.e., thymus, spleen, and
lymph nodes), at which time it is common to see fever, diarrhea, leukopenia, lethargy,
and marked lymphadenopathy. Virus then infects salivary glands and mucosal glandular
epithelium, which secrete virus for horizontal transmission, and bone marrow, which pro-
duces infected WBCs and platelets.

® Acute infection takes one of three courses: (1) strong immune response that eliminates
virus; (2) virus sequestered and causes latency; (3) persistent viremia. If latent for >1 year,
reactivation is unlikely; viremia >16 weeks or bone marrow infected (detected by IFA)
likely viremic, persistently infected, and infectious for life.

® Tumor induction occurs when DNA provirus integrates into cat chromosomal DNA in
specific oncogene regions.

Systems Affected

= Hemic/lymphatic/immune: anemia (regenerative or nonregenerative); blood cell dyscra-
sias; bone marrow and lymphoid neoplasias; immunosuppression with secondary infec-
tions or neoplasia; immune-mediated diseases (IMHA, glomerulonephritis, uveitis with
immune complex deposition, polyarthritis).
Nervous: degenerative myelopathy, neuropathies (either direct neurotoxicity or secondary).
Gastrointestinal: three clinical syndromes: FAE (i.e., vomiting/diarrhea, stomatitis, anorexia,
weight loss); FAIDS (i.e., enterocolitis, crypt necrosis, villous atrophy, intractable diarrhea,
and weight loss); FPLS (i.e., severe leukopenia, enteritis, destruction of crypt epithelium
that mimics FPV with concurrent anemia, may actually be a FPV-FeLV coinfection).

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
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m Reproductive: fetal resorption, abortion, neonatal death; fading kitten syndrome (i.e.,
viremic Kkittens fail to nurse, severe dehydration, hypothermia, thymic atrophy, death
within the first 2 weeks of life).

m All other body systems: immunosuppression with resulting secondary infections or
neoplasia.

Incidence/Prevalence

= One to 8% worldwide; prevalence in the United States has been decreasing since the 1980s
due to testing and removal programs.

Geographic Distribution
= Worldwide.

-Fl SIGNALMENT/HISTORY

Species

m (Cats.

Breed Predilection

® Mixed breed-to-pure breed ratio: 1.3:1.

Mean Age and Range

® Prevalence highest between 1 and 6 years of age.

Predominant Sex

® Male-to-female ratio: 1.3:1 (outdoor-to-indoor ratio: 2.5:1).

General Comments

= Onset of FelV-associated diseases may be delayed months to years after infection; clinical
signs of virus are variable and nonspecific.

® Associated diseases: neoplastic or nonneoplastic; nonneoplastic or degenerative usually
secondary to immunosuppression.

® FelV-induced immunodeficiency is clinically indistinguishable from that induced by FIV.

Historical Findings

® Qutdoor cat.
® Multicat household.
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Physical Examination Findings

Depends greatly on presence of neoplastic or nonneoplastic disease and secondary infections.
Lymphadenopathy: mild to severe.

Upper respiratory tract: rhinitis, conjunctivitis, keratitis, or uveitis.

Gastrointestinal: persistent diarrhea (either primary or due to secondary infections).
Oral: gingivitis, stomatitis, or periodontitis.

Integument: chronic recurrent skin or ear infections.

Neurologic: peripheral or central neuropathies.

Neoplasia: lymphoma, especially thymic and multicentric, occurs in up to 25% of cats
which are positive for FeLV usually within 2 years of diagnosis; leukemias; fibrosarcomas
due to coinfection with recombinant FeSV.

Risk Factors/Causes

Feral or free-roaming cats.

Male.

Sexually intact.

Horizontal transmission via saliva or blood, usually by biting, grooming, sharing water
bowls; fecal shedding possible but lower risk of transmission.

Vertical transmission via transplacental, transmammary, or grooming of neonates.

fg DIFFERENTIAL DIAGNOSIS

FIV
Primary infections: viral, bacterial, fungal, or parasitic
Neoplasia of nonviral origin

E DIAGNOSTICS

Complete Blood Count/Chemistry/Urinalysis

Anemia: regenerative or nonregenerative, often severe; occasionally see IMHA.
Lymphopenia.

Neutropenia: possibly in response to secondary infections.

Thrombocytopenia.

Urinalysis and serum chemistry profile: findings depend on systems affected and type of
disease.

Other Laboratory Tests

General comments: no 100% accurate test.
ELISA/ICGA: detect free soluble FelV-p27 antigen in plasma, serum, or whole blood;
more sensitive than IFA at detecting early or transient antigenemia; a single positive test
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cannot predict persistent infections, retest in 12 weeks or test with IFA; false-positives
more common with whole blood, not recommended to test saliva or tears.
® [FA: identify FeLV-p27 antigen in neutrophils and platelets of fixed smears of whole blood
or buffy coat preparations (for leukopenic cats); positive result indicates active infection
in bone marrow that can usually be detected by 3 weeks post infection but may take up
to 12 weeks to test positive; a positive result only indicates viral infection and not current
illness, so it should be confirmed by another method and has no bearing on prognosis.
Vaccinates are not detected by either ELISA/ICGA or IFA.
Discordant results.
» Two ELISA/ICGA tests differ: perform IFA.
e Positive ELISA/ICGA and IFA: suggests persistent viremia and true positive.
 Positive ELISA/ICGA and negative IFA: repeat assay in 6-8 weeks.
® PCR: detects viral RNA or DNA in blood, solid tissue, cell culture, or fixed samples; requires
special equipment and expertise; can help determine status of cats with discordant ELISA/
ICGA and IFA results or if suspicious of latent infections due to chronic conditions.

Imaging

® Thymic atrophy in fading kittens.

Diagnostic Procedures

® Bone marrow aspiration or biopsy: indicated if nonregenerative anemia is present; rule out
aplastic anemia versus anemia secondary to myeloproliferative disease.

Pathologic Findings

® Lesions depend on concurrent disease state and presence of neoplasia.

Q) THERAPEUTICS

= Qutpatient unless severe secondary infections or other conditions require hospitalization
and further treatment.
® Supportive care as needed.

Drugs of Choice

® Zidovudine (Retrovir, AZT) 5mg/kg PO, SQ every 12 hours; antiviral, possible clinical
improvement but poorer response in vivo than in cats infected with FIV, monitor for
nonregenerative anemia, reduce dose compared to FIV treatment, do not treat cats with
myelosuppression; other human antivirals are being studied but those with efficacy in vivo
often have severe toxicity or are ineffective.
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Interferon: immunomodulatory and direct antiviral effect; human IFN-alpha (Roferon)
can be given for 67 weeks in high doses (10° to 10°IU/kg), after which neutralizing anti-
bodies are generated. Oral administration (low dose: 15-30U orally every 24 hours for
7 days on alternate weeks) may stimulate lymphoid tissue in the oral cavity with resulting
systemic immunomodulation, but interferons are destroyed in the gastrointestinal tract so
no measurable serum levels develop.

Immunomodulatory therapy: nonspecific agents (i.e., Acemannan, Staphylococcus protein
A, Propionibacterium acnes, and paraimmunity inducers) have showed equivocal results in
clinical trials; nonspecific immune stimulation may increase viral replication and promote
progression of disease, therefore it may not be recommended.

Anemia: blood transfusions may be necessary in severe anemia; suspect Mycoplasma
hemofelis (formerly Haemobartonella) in all cats with regenerative hemolytic anemia and
treat appropriately; EPO may be helpful with nonregenerative anemias.

Topical bovine lactoferrin (40 mg/kg every 24 hours as needed) may be helpful for treat-
ment of stomatitis.

Lymphoma: standard chemotherapy protocols.

Myeloproliferative disease and leukemias: more refractory to treatment.

Contraindications

MLV vaccines may theoretically cause illness.

Precautions/Interactions

Systemic glucocorticoids or other immunosuppressive drugs should be avoided unless a
very compelling indication exists.

Inactivated boosters to only core vaccines (RV and FRVCP) should be considered for
routine vaccination; cats who are positive for FeLV may not be able to mount adequate
immune response to rabies vaccination so more frequent boosters than usually recom-
mended (e.g., every 6 months) must be considered, especially in cats allowed to go out-
side in areas with high rabies prevalence.

Perioperative antibiotics are recommended for all surgeries and dental procedures.

Virus lives for only minutes outside the host and is susceptible to all disinfectants (includ-
ing common soap) so routine cleaning procedures will prevent transmission in the hos-
pital. Viremic cats should be kept away from sick cats to protect them from infectious
diseases, and under no circumstances should they be placed in an “isolation ward” with
cats suffering from infections such as viral respiratory disease.

Diet

Normal unless secondary conditions necessitate alternative foods.
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Surgical Considerations

No specific surgical treatments; surgical removal of tumors if present, treat oral lesions
appropriately.

Intact cats who are positive for FeLV should be spayed or neutered to reduce stress associ-
ated with estrus/mating and decrease roaming and aggressive behaviors.

COMMENTS

Client Education

Emphasize the importance of keeping cats who are positive for FeLV indoors to prevent
spread of the virus and protect the positive cat from exposure to secondary infections.
Warn owners that adult cats who are negative for FeLV have a 10-15% risk of infection
if they have lived with a positive cat for several months. The negative cats should receive
FelV vaccination if the owner refuses to separate the housemates.

Warn owners that cats who have FelL'V may have a slower response to treatment of second-
ary conditions.

Patient Monitoring

Biannual exams with CBC, oral examination, lymph node measurements, and body weight
are recommended to evaluate for secondary diseases and myelosuppression; minimum
annual chemistry profile and urinalysis should be performed, more frequent monitoring
may be warranted if concurrent diseases exist.

Prevention/Avoidance

Prevent interaction with infected cats.

Quarantine and test new cats before introducing into multicat households/catteries.
Vaccine: test cats before initial vaccination and do not vaccinate cats who are positive for
FelV; warn owners that cat may be infected if testing is not performed; efficacy controver-
sial and none is 100% effective; risk of vaccine-associated sarcomas with FeLV (and RV)
vaccination is 0.1-0.01% overall, likely due to adjuvant; vaccinate low on left hind leg per
AAFP recommendations.

Possible Complications

Cats that are negative for FeLlV that live with an infected cat have a 40-fold increased risk
of lymphoma compared with cats who live in households that are negative for FeLV.

Expected Course and Prognosis

Persistently viremic cats: >50% succumb to related diseases within 2-3 years after infec-
tion in multicat households; better survival rate in single-cat households.
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Associated Conditions

m Secondary infections
® Neoplasia: especially lymphoid, fibrosarcoma, other
® Immune-mediated disease: IMHA

Age-Related Factors

® Neonatal kittens are most susceptible to persistent infection (70-100%); risk decreases
with age: <30% susceptible by 16 weeks of age.

Zoonotic Potential

® None known but infection of human bone marrow possible in cell culture.
® Potential transmission of secondary infections (e.g., T. gondii) to people who are immu-
nocompromised.

Pregnancy

® Transplacental transmission causes abortions, stillbirth, and fetal resorption; up to 20% of
kittens may survive to become persistently infected adults; infected queen can also infect
kittens by transmammary transmission, biting umbilical cord, or grooming kittens.

m Kittens born to a queen who is FelV positive may test negative but usually seroconvert
within weeks to a few months and should be retested.

Abbreviations

AAFP: American Association of Feline Practitioners
AIDS: acquired immunodeficiency syndrome

CBC:  complete blood count

ELISA: enzyme-linked immunosorbent assay

EPO: erythropoietin

FAE: FelV-associated enteritis

FAIDS: feline acquired immunodeficiency syndrome
FeSV: feline sarcoma virus

FIV:  feline immunodeficiency virus

FPLS: feline panleukopenia-like syndrome

FPV:  feline panleukopenia virus

FVRCP: feline viral rhinotracheitis, calicivirus, panleukopenia
ICGA: immunochromatographic assay

IFA:  immunofluorescent antibody

IFN:  interferon

IMHA: immune-mediated hemolytic anemia

MLV:  modified-live virus

PCR:  polymerase chain reaction
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PO: per os
RV: rabies vaccine
SQ: subcutaneous

WBC: white blood cell
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Feline Lower Urinary

Tract Disease

DEFINITION/OVERVIEW

® In approximately 65% of nonobstructed male and female cats with naturally occurring
lower urinary tract disease, the exact cause(s) of hematuria, dysuria, pollakiuria, stran-
guria, and periuria are still unknown. After appropriate diagnostic evaluations, these cats
are classified as having feline idiopathic LUTD (iLUTD) or feline idiopathic cystitis (FIC).

® Feline iLUTD is an exclusionary diagnosis established only after known causes have been
eliminated.

® Since 1970 this condition has undergone a number of terminology and acronym changes
as our understanding of the etiopathogenesis has changed. These naming modifications
are a great example of the progress that has been made in understanding and defining this
condition; however, more work needs to be done.

= Initially, the terms feline urological syndrome and FUS were used to describe disorders of
cats characterized by hematuria, dysuria, pollakiuria, stranguria, and partial or complete
obstruction. Because these signs may be associated with any cause of lower urinary tract
disease, these terms have been recommended to be abandoned and replaced with more
descriptive terminology pertaining to site of injury, cause(s), morphologic changes, or
pathophysiologic mechanisms.

m Some cats with iLUTD exhibit findings similar to those observed in humans with inter-
stitial cystitis, an idiopathic inflammatory disorder of the urinary bladder. These similari-
ties prompted the hypothesis that some cases of feline iLUTD are analogous to human
interstitial cystitis and lead to the proposed terminology of feline interstitial cystitis; how-
ever, further studies challenged this hypothesis. Studies demonstrated that these cats have
significant alterations in the sympathetic nervous system. An increased acoustic startle
response was also detected and these findings may explain why these cats are aggravated
by environmental stressors and clinical signs wax and wane.

® Often cats with iLUTD have comorbid disorders such as gastrointestinal, endocrine, der-
matologic, and/or behavioral problems. A similar pattern has been detected in humans
with interstitial cystitis and some authors have questioned if these cats have a common
disorder affecting all organs, which then respond in a stereotypical manner. The provi-
sional term “Pandora syndrome” has been proposed to describe cats with recurrent iLUTD
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and comorbid disorders. The criteria for this syndrome also include an early adverse expe-
rience, waxing and waning severity of clinical signs associated with stress, and resolution
with environmental modification.

(3 ETIOLOGY/PATHOPHYSIOLOGY

Exact etiology(ies) are unknown, likely multifactorial.

Stress may play a role in precipitating or exacerbating signs; neuroendocrine abnormali-
ties identified in cats with chronic forms of iLUTD are indicative of increased activity of
the sympathetic nervous system and diminished adrenocortical responsiveness.
Quantitative or qualitative defects in surface GAGs, as well as changes in the nonneuronal
cholinergic system, and subsequent increased urothelial permeability have been hypoth-
esized to be causative factors.

Initial experimental and clinical studies implicated feline calicivirus as a potential etio-
logical agent; however, a larger, follow-up study did not confirm these findings.

Systems Affected

Renal/Urologic

Persistent urethral outflow obstruction results in postrenal azotemia.

Pandora Syndrome

Gastrointestinal, dermatologic, pulmonary, cardiovascular, central nervous, endocrine,
and immune systems.

i-» | SIGNALMENT/HISTORY

Both males and females are affected.

No breed predilection.

May occur at any age, but is most commonly recognized in young to middle-aged adults
(mean age 4.4 years).

Uncommon in cats <1 year old and >10 years old.

Indoor or outdoor cats have equal chance of developing iLUTD.

No known genetic basis.

Common clinical signs include pollakiuria, hematuria, stranguria, periuria (urination in
inappropriate locations), dysuria, and urethral outflow obstruction.

In cats with Pandora syndrome, common clinical signs include inappetence, avoidance
behavior, and perichezia.

Risk Factors/Causes

Stress: may play a role in precipitating or exacerbating signs; an unlikely primary cause.
Age: younger age is associated with an increased risk of recurrence of signs.
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Sex: males and female affected equally; however, neutered males and spayed females are
reported in some studies to be at increased risk compared to intact animals.

Historical Findings

Pollakiuria

Hematuria

Dysuria

Stranguria

Periuria (urinating in inappropriate locations)

Urinary outflow obstruction

With Pandora syndrome:
 Perichezia (defecating in inappropriate locations)
e Inappetence

Q CLINICAL FEATURES

Periuria, pollakiuria, stranguria, and macroscopic hematuria are the most common clini-
cal signs observed in cats with nonobstructive idiopathic cystitis.

Clinical signs subside within 5-7 days without therapy in up to 92% of cats with acute
nonobstructive idiopathic cystitis.

Signs may recur after variable periods of time and again subside without treatment.
Approximately 40-50% of cats with acute idiopathic cystitis will experience one or more
recurrences of signs within 1-2 years.

Recurrent episodes of acute idiopathic cystitis tend to decrease in frequency and severity
as the cats become older.

Recurrent clinical signs in patients with idiopathic cystitis are often assumed to be recur-
rence of the original disease; however, recurrent signs may also be the result of a delayed
manifestation of the original disease (e.g., spontaneous or iatrogenic urethral stricture), or
onset of a different lower urinary tract disease associated with similar clinical signs (e.g.,
urolithiasis).

A small subset of cats with LUTD have persistent clinical signs that last for weeks to
months or are frequently recurrent. These cats are classified as having idiopathic LUTD.
Less than 15% of cats evaluated because of acute idiopathic cystitis will develop chronic
forms of the disease.

Physical examination may reveal a thickened, firm, contracted, painful, bladder wall; may
detect urethral plugs or uroliths by examination of the distal penis and penile urethra.

(y DIFFERENTIAL DIAGNOSIS

Metabolic disorders including various types of uroliths and urethral plugs.
Infectious agents including bacteria, fungal agents, and parasites.
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Trauma.
Neurogenic disorders including reflex dyssynergia, urethral spasm, and hypotonic or
atonic bladder (primary or secondary).

m Jatrogenic diseases including those due to urethral catheters, indwelling urethral cath-
eters (especially open systems), postsurgical catheters, reverse-flushing solutions, and
urethrostomy complications.

= Anatomic abnormalities including urachal anomalies and acquired urethral strictures.

® Neoplasia (benign and malignant).

® Behavioral disorders resulting in periuria.

® Clinical signs may be confused with constipation.

B DIAGNOSTICS

= No single test is diagnostic; feline iLUTD is an exclusionary diagnosis established only
after known causes have been eliminated.

® A complete medical history is a profoundly important initial diagnostic step and can help
guide which diagnostic tests are needed.

® Hematuria and proteinuria are common urinalysis findings. Initial episodes of iLUTD usu-
ally occur in the absence of pyuria and significant numbers of detectable bacteria.

® Quantitative urine culture verifies absence of bacteriuria and excludes urinary tract infec-
tion; light microscopic examination of urine sediment is an unreliable method of detect-
ing bacteriuria; collect urine specimens by cystocentesis to avoid contamination with
organisms that normally inhabit the distal urethra.

Survey radiography may exclude uroliths or urethral plugs.
Positive-contrast retrograde urethrocystography or antegrade cystography may exclude
urethral strictures, vesicourachal diverticula, and neoplasia.

® Double-contrast cystography may exclude small or radiolucent uroliths, blood clots, and
thickening of the bladder wall due to inflammation or neoplasia.

m Ultrasonography may exclude uroliths in the urinary bladder and permits screening for
urinary bladder masses and thickening of the bladder wall.

m Urethrocystoscopy may reveal petechial submucosal hemorrhages (so-called glomerula-
tions) on the surface of the urinary bladder; may exclude urethral strictures, urocystoliths,
blood clots, vesicourachal diverticula, and masses.

| |

Biopsies obtained with urinary catheters, cystoscopes, or via surgery may permit mor-
phologic characterization of the inflammatory or neoplastic lesions; not routinely needed.

Pathologic Findings

Mucosal ulceration and submucosal edema, hemorrhage, fibrosis, neovascularization,
mastocytosis, and mononuclear inflammatory cell infiltration are common light micro-
scopic lesions observed in the urinary bladders of cats with chronic iLUTD.
Inflammatory cells may not be prominent in some forms of the disease, unless secondary
bacterial infections have resulted from catheterization or perineal urethrostomy.
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THERAPEUTICS

Patients with nonobstructive lower urinary tract disease are typically managed as outpa-
tients; diagnostic evaluation may require brief hospitalization.

Patients with obstructive lower urinary tract disease are usually hospitalized for diagnosis
and management.

Short-term use of pharmacologic agents is considered for any patient with severe signs.
Long-term dietary and environment management strategies are used to minimize the risk
of recurrences.

Long-term pharmacologic inventions are usually reserved for cats with more severe
chronic forms of the disease in which dietary and environmental management strategies
have failed to adequately control clinical signs or frequency of recurrences.

Over 70 agents or procedures have been recommended for management of nonobstruc-
tive iLUTD in cats; fewer than 10% of these proposed treatments have been evaluated in
controlled clinical trials. Debate surrounding the efficacy of various treatments is com-
plicated by the self-limiting nature of clinical signs associated with the majority of cases
of idiopathic cystitis. In this setting, any form of therapy might appear to be beneficial as
long as it is not harmful.

General

Environmental enrichment and stress reduction: strategies aimed at decreasing central
noradrenergic drive (e.g., stress) may be important in correcting the imbalance in the
neuroendocrine system (excitatory sympathetic nervous system outflow inadequately
controlled by cortisol). The goal is to increase behavioral choices, provide opportunity for
appropriate behaviors, and ensure optimal litter box care (information available at http://
indoorpet.osu.edu). A prospective, nonrandomized, observational study demonstrated
significant reductions in lower urinary tract signs, fearfulness, and nervousness.
Synthetic feline facial pheromone therapy (Feliway®) was associated with significant
increases in grooming and food intake in a double-blind placebo-controlled clinical study,
and a nonsignificant trend, in a second small study, for cats to show fewer days with clini-
cal signs of cystitis and a reduced number of episodes.

Antimicrobials (chloramphenicol, amoxicillin): no detectable effect on remission of clini-
cal signs in cats demonstrated in controlled clinical trial.

Fluid therapy (lactated Ringer’s solution 100mL, SQ, once): no detectable effect on remis-
sion of clinical signs in cats demonstrated in controlled clinical trial.

Diet

Results of a nonrandomized, open, prospective study suggest that feeding moist (>60%
moisture) rather than dry foods may minimize recurrence of signs. This approach
results in dilute urine, which may decrease the concentration of irritating substances
in the urine.
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Other methods to increase water intake may be beneficial, including feeding 2-3 meals
per day instead of a single meal, high-salt diets (do not use in cats with chronic kidney
disease) or water fountains or special bowls. A goal urine specific gravity is 1.040 or lower.
The efficacy of these treatments has not been evaluated by controlled clinical trials.
Management recommended for persistent crystalluria in patients at risk for formation of
crystalline-matrix urethral plugs.

Drugs of Choice

Antiinflammatory Agents and Analgesics

Opioid analgesics: short-term opioid analgesic therapy for 24-72 hours may be of benefit
in alleviating acute “flare-ups” of severe pollakiuria, dysuria, stranguria, and periuria in
affected cats; butorphanol 0.2-0.4 mg/kg every 8 hours, PO for 1-3 days; buprenorphine
0.01-0.02mg/kg every 6-12 hours, IM or SQ buccally for 1-3 days. There have been no
reports of controlled studies evaluating the efficacy and safety of short-term opioid anal-
gesics for management of cats with idiopathic cystitis.

Corticosteroids (prednisolone 1mg/kg every 12 hours, PO for 10 days): no detectable
effect on remission of clinical signs in cats demonstrated in controlled clinical trial; predis-
pose to bacterial urinary tract infections, especially in cats with indwelling transurethral
catheters.

NSAIDs: safety and efficacy of NSAIDs in the treatment of cats with iLUTD have not been
evaluated by controlled clinical trials. Meloxicam (0.1 mg/kg every 24 hours, PO for 3—4
days) has been suggested to manage patient discomfort during acute episodes. Pending
further safety and efficacy studies, exercise appropriate caution when considering use of
NSAIDs to treat feline idiopathic cystitis.

Amitriptyline and Other Antidepressants

Amitriptyline: a tricyclic antidepressant and anxiolytic drug reserved for treatment of cats
with severe chronic iLUTD who have not responded to other forms of pharmacologic,
dietary, and environmental management; suggested empirical dosage is 5-10 mg/cat every
24 hours PO given at night; may predispose to urine retention, bacterial urinary tract
infection, and urolithiasis. Randomized controlled, short-term, clinical trial for 7 days
revealed no significant difference in recovery and in amitriptyline-treated cats, clinical
signs recurred faster and more frequently than in controlled cats. Amitriptyline does not
seem to be beneficial for treatment of acute self-limiting episodes of iLUTD.

Efficacy and safety of other tricyclic antidepressants, selective serotonin reuptake inhibi-
tors, and anxiolytics have not been evaluated by controlled clinical trials.

Glycosaminoglycans (GAGs)

Pentosan polysulfate sodium: a semi-synthetic low molecular weight heparin analogue
that reinforces urothelial GAGs and reduces transitional cell injury. Oral pentosan poly-
sulfate 50mg every 12 hours PO may benefit some cats with chronic iLUTD. Results of
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controlled clinical studies evaluating the safety and efficacy of pentosan polysulfate have
not been reported.

Glucosamine/chondroitin sulfate: glucosamine, an amino sugar naturally produced in
the body, is an important intermediate for the formation of GAGs. Chondroitin sulfate
is one of the most abundant GAGs in the bladder surface GAG layer. No significant dif-
ference but a trend toward slight improvement, between the severity of clinical signs in
cats treated with glucosamine (Cystease® 125 mg once daily PO for 6 months) and those
treated with a placebo. The efficacy of oral glucosamine combined with chondroitin sul-
fate (Cosequin® 125mg/100 mg per 4.5 kg cat once daily PO) has not been evaluated by
controlled clinical trials.

Anticholinergics

Propantheline (7.5mg PO, once): a potent quaternary ammonium anticholinergic agent
that minimizes the force and frequency of uncontrolled detrusor contractions; no differ-
ence in rate of recovery was observed between cats treated with propantheline and control
groups.

Oxybutynin chloride: a moderately potent anticholinergic agent with additional indepen-
dent musculotropic relaxant and local anesthetic effects; efficacy of oxybutynin has not
been evaluated by controlled clinical trials.

Tolterodine: a moderately potent anticholinergic agent that may have a more pronounced
in vivo effect on urinary bladder than oxybutynin; efficacy of tolterodine has not been
evaluated by controlled clinical trials.

Precautions/Interactions

Cats with urethral obstruction and postrenal azotemia are at increased risk for adverse
drug events, especially with drugs and anesthetics that depend on renal elimination or
metabolism.

Indwelling urethral catheters, especially when associated with fluid-induced diuresis or
coadministration of corticosteroids, predispose patients to bacterial urinary tract infec-
tions.

Tricyclic antidepressants (e.g., amitriptyline): avoid short-term administration or abrupt
discontinuation.

Coadministration of oxybutynin or tolterodine with other anticholinergic agents (e.g.,
amitriptyline) may intensify adverse effects and should be avoided.

Phenazopyridine: a urinary tract analgesic; may result in methemoglobinemia and Heinz
body anemia.

Methylene blue: a weak antiseptic agent; may result in Heinz body anemia.

Surgical Considerations

Cystotomy to obtain biopsy specimens in patients with clinical finding consistent with
iLUTD is not usually indicated.
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m Cystotomy to lavage and debride the bladder mucosa as a form of treatment is not recom-
mended.

= When performing perineal urethrostomies to minimize recurrent urethral obstruction, it is
important to localize the obstructive disease to the penile urethra by contrast radiography.

COMMENTS

Client Education

® Hematuria, dysuria, and pollakiuria: often self-limiting; subside within 5-7 days, but signs
may recur unpredictably in approximately one-half of affected cats.

® Lack of controlled studies that demonstrate efficacy of most drugs used to treat symptom-
atically.

m Recurrent episodes of acute iLUTD tend to decrease in frequency and severity as the cats
become older.

Patient Monitoring

® Males should be monitored for signs of urethral obstruction.

Prevention/Avoidance

® Feed moist diets.

® Reduce environmental stress by minimizing changes in the home, maintaining a constant
diet, providing opportunities for play and safe places to hide, refining cat—owner interac-
tions, managing conflict between cats and ensuring clean litter boxes.

Possible Complications

m Urethral obstruction due to formation of urethral plugs: most common in male cats with
concurrent crystalluria.

® Vesicourachal diverticula: acquired vesicourachal diverticula often are self-limiting with
resolution of clinical signs.

® Indwelling transurethral catheters often cause trauma; predispose to ascending bacterial
urinary tract infections.

® Perineal urethrostomies may predispose to ascending bacterial urinary tract infections and
urethral strictures.

Expected Course and Prognosis

® Hematuria, pollakiuria, and dysuria often are self-limiting in patients with most iLUTDs,
subsiding within 5-7 days.

® Signs will recur unpredictably in approximately half of affected cats; the frequency of
recurrence declines with advancing age.
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Synonyms

® Feline idiopathic cystitis

m Feline sterile idiopathic cystitis
® Feline interstitial cystitis

= FUS

Abbreviations

FUS:  feline urological syndrome
GAG: glycosaminoglycan
iLUTD: idiopathic lower urinary tract disease

IM: intramuscular

NSAID: nonsteroidal antiinflammatory drugs
PO: per os

SQ: subcutaneous
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Feline Panleukopenia

DEFINITION/OVERVIEW

® FPL is the common term used to describe a systemic, immunosuppressive disease of cats
caused by highly contagious FPV.

[~ ETIOLOGY/PATHOPHYSIOLOGY

FPL virus (also called FPV) is a single-stranded DNA virus.
Because FPVs are contagious and resilient to destruction, the virus is found worldwide
and continues to pose a significant threat to all members of the family Felidae.

® The high degree of seroprevalence in unvaccinated, healthy cats (75%) suggests that expo-
sure rates are high, but most clinical infections are subclinical.

® Transmission of virus can occur following direct cat-to-cat contact as well as following
indirect, oral contact with contaminated fomites (e.g., litter trays, hands, feeding dishes,
cages, bedding).

® Infected cats usually shed virus for 1-2 days, but recovering cats may shed virus in feces
and urine for as long as 6 weeks.

® The ability of the virus to persist in the environment for sustained periods, rather than
shedding, explains how the virus is maintained in the population.

® Virus undergoes initial replication in oropharyngeal lymphoid tissue within the first week
post infection then disseminates via plasma to virtually all body tissues, particularly those
with high mitotic activity (e.g., the gastrointestinal tract). Damage to intestinal crypt
epithelium culminates in malabsorptive disorders and diarrhea.

® Virus replication in the CNS can occur subsequent to in utero infection of healthy
queens.

m FPV can infect fetal CNS tissues subsequent to vaccination of pregnant queens with MLV
vaccine.

= Neonates vaccinated with MLV FPV vaccine prior to 4 weeks of age can experience vaccine
virus dissemination and replication in the CNS. Viral DNA can be found in optic nerves,
retina, and cerebellum.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Cerebellar hypoplasia in kittens can be caused by FPV infection and MLV virus.
Prenatal and neonatal infections have been associated with feline myocarditis and cardio-
myopathy.

Fl SIGNALMENT/HISTORY

Most infections are subclinical, but severe clinical illness caused by FPV is most common
among young kittens.

® Mortality is greatest between 3 and 5 months of age.
® FPV is also regarded as a cause of “fading kitten” syndrome (death occurring after birth

but before weaning). The course of infection is acute, with most deaths occurring as early
as 12 hours to 5 days post infection.

Cats that survive acute illness for more than 5 days have a better prognosis for survival
with supportive care.

m Clinical signs of inappetence and lethargy, followed by vomiting within 2-3 days.
= No gender or breed predisposition for FPV infection.
® Qutbreaks of FPV have been reported in adult cats, particularly in high-density housing

environments where seroprevalence can be particularly low (e.g., shelters, rescue groups).

Q CLINICAL FEATURES

High fever (104-107 °F).

Dehydration.

Evidence of vomiting may be present on the hair coat around the face.

Diarrhea is uncommon and, when seen, usually occurs in the later stages of infection.
Affected cats may resist abdominal palpation; palpation of thickened (rope-like consis-
tency) intestines and enlarged mesenteric lymph nodes is characteristic.

If treatment is delayed, cats may become profoundly lethargic or comatose, dehydrated,
and hypothermic.

Death attributed to secondary bacterial infection, DIC, or severe dehydration is common
among kittens with acute, untreated FPV infection.

Kittens infected in utero, naturally infected before 9 days of age, or vaccinated early in life
with MLV FPV vaccine (<4 weeks of age) may manifest neurologic signs: ataxia, incoor-
dination, and intention tremors typically associated with cerebellar hypoplasia. Affected
kittens walk with a wide stance and a characteristic hypermetric gait. Neurologic manifes-
tations are typically absent when the cat is at rest. Blindness can occur.

(-y DIFFERENTIAL DIAGNOSIS

“Fading kitten” syndrome
Acute gastrointestinal toxicity (e.g., salmonellosis)
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Intussusception

Septicemia

Feline leukemia virus infection

Feline immunodeficiency virus infection
Linear foreign body

F_\ DIAGNOSTICS

Complete Blood Count

Severely affected kittens may have total white blood cell counts between 50 and 3000
cells/uL.

m Less severely affected cats may have counts between 3000 and 7000 cells/uL.
m  Cats that recover from acute FPV infection will manifest rebound leukocytosis with white

blood cell counts exceeding 30000 cells/pL.
Anemia and thrombocytopenia are less common; variable laboratory findings.

Biochemistry

No specific biochemical abnormalities occur in cats with FPL.

Serology

Serological testing (virus neutralization is recommended) and virus isolation for the diag-
nosis of FPL are available from selected laboratories but these methods offer little value in
the clinical setting due to the short clinical course.

Serological testing is generally reserved for assessment of a protective immune response
in vaccinated or exposed cats.

Enzyme-Linked Immunosorbent Assay

ELISA-based canine parvovirus test for the presence of fecal antigen can be used in cats
but important limitations apply.

The canine fecal antigen tests have not been standardized for use in cats with confirmed
FPV infection.

Furthermore, fecal shedding of FPV in cats may cease prior to the onset of clinical signs.

Histopathology

Histopathology remains the confirmatory diagnostic test of choice for FPL.

Pathologic Findings

Gross pathologic findings in cats that die of complications from FPV infection are minimal
and usually limited to the small intestine (i.e., dilated bowel and serosal hemorrhages).
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M Fig. 34.1. Cerebellar hypoplasia in the brain of a kitten that was euthanized (left) because of neurologic signs,
compared to a normal cat brain (right).

® Significant histological findings center on changes in the crypt epithelium of the jejunum
and ileum and lymphoid depletion.

m Cerebellar degeneration and hypoplasia (Fig. 34.1) may be seen in kittens that experi-
enced neonatal or in utero infection from FPV or MLV FPV vaccine.

O THERAPEUTICS

m Parenteral fluid and electrolyte replacement therapy.

m Insensible fluid loss should be replaced at the rate of 44 ml/kg per day using a balanced
isotonic crystalloid fluid such as lactated Ringer’s solution, Normosol-R, or Plasmalyte-A
with supplemental potassium as indicated.

Nutritional Support

® QOral administration of food or liquid should be avoided during the acute clinical infection.

Antiemetic Therapy

® Maropitant (1 mg/kg IV q24h) or dolasetron (0.6 mg/kg IV q24h) can be administered to
control vomiting.

® Gastroprotectant therapy with pantoprazole (1 mg/kg IV q24h) or famotidine (0.5-1 mg/kg
IV q12h) may be considered if vomiting is severe.
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Transfusion

Plasma or blood transfusions are limited to patients that become anemic or hypoalbumin-
emic (<2.0g/dL) or hypoproteinemic (<5.0g/dL).

General

Antibiotic therapy (ampicillin 22 mg/kg IV q6h, Unasyn 30 mg/kg IV q8h, with enrofloxacin
5mg/kg IV q24h). Aminoglycoside antibiotics should be avoided unless the patient is well
hydrated and maintains normal blood pressure and renal perfusion.

® B-vitamin combination.
m Parenteral therapy should be continued at least until vomiting ceases and the cat resumes

eating.
Low-dose diazepam (2.5mg total) may be administered to promote eating in cats that have
stopped vomiting and appear to be making a clinical recovery (interest in food, leukocytosis).

Early Vaccination

Initial vaccination of kittens beginning at 4 weeks of age, and every 2—4 weeks thereafter
until 16 weeks of age, is only recommended in group-housed cats where a reasonable risk
of FPV exposure exists (e.g., shelter-housed kittens).

Current vaccination recommendations for kittens not in a shelter environment are to start
at 6 weeks of age, revaccinate every 3—4 weeks through 16 weeks of age, then revaccinate
at 1 year of age, then every 3 years thereafter. If a kitten is not vaccinated before 12 weeks
of age, two vaccinations administered 3—4 weeks apart can be administered, then revac-
cination at 1 year.

Early vaccination is most likely to be effective in colostrum-deprived kittens.

Modified-Live Vaccine versus Inactivated Vaccine

The author recommends use of MLV (nonadjuvanted) FPV vaccines in all cats with the
exception of those known to be positive for FeLV or FIV and kittens less than 6 weeks of age.
If vaccination of a pregnant queen is indicated, use of an inactivated vaccine is recom-
mended to reduce risk of vaccine virus replication in the CNS of unborn kittens (cerebel-
lar hypoplasia).

COMMENTS

Client Education

Before introduction of a new cat into a household where a cat/kitten has recently been
diagnosed with, or died from, FPL, all cages, feeding bowls, floors, litter trays, and such
should be thoroughly disinfected (fresh solution containing 1 ounce household bleach/
gallon of water (1:30 dilution)).
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Ideally, the facility should be isolated from cats for several days following disinfection
before introducing a new cat.

Prior to entry, any new cat/kitten should have received at least two doses of vaccine, with
the last dose administered at least 2 weeks prior to introduction.

Controlling Outbreaks

When administering inactivated (killed-adjuvanted) FPV vaccine to cats, a protective
immune response is typically delayed until 2-3 weeks following the administration of
the second dose. For this reason, inactivated (killed-adjuvanted) FPV vaccine has been
implicated as a contributing factor in FPL outbreaks within multicat housing environ-
ments.

In high-exposure risk environments, or in the face of an outbreak, kittens should be vacci-
nated with an MLV (nonadjuvanted) vaccine as early as 4 weeks of age and every 2 weeks
thereafter as long as they reside in the facility.

Prevention/Avoidance

In the United States both killed-virus (adjuvanted) and MLV vaccines (nonadjuvanted)
are available for the prevention of disease caused by FPV.

Vaccination provides excellent protective immunity and is recommended for administra-
tion to all kittens beginning as early as 6 weeks of age; a dose should be administered
every 3—4 weeks until 15-16 weeks of age.

Current vaccination recommendations include revaccination of all adult cats 1 year
following the last dose in the initial series.

Booster inoculations are recommended triennially thereafter.

Vaccine approved for intranasal vaccination of cats against FPL (a trivalent vaccine
for protection against herpesvirus and calicivirus as well as FPV) is available but is
regarded as less effective than parenterally administered vaccines. All intranasal FPV
vaccines are MLV products and should not be administered to kittens less than 4 weeks
of age.

Abbreviations

CNS: central nervous system

DIC: disseminated intravascular coagulation
ELISA: enzyme-linked immunosorbent assay
FeLV: feline leukemia virus

FIV:  feline immunodeficiency virus

FPL: feline panleukopenia

FPV: feline parvovirus

1V:

intravenous

MLV: modified-live vaccine
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chapter 35

Gastric Dilation-Volvulus
Syndrome

DEFINITION/OVERVIEW

Gastric dilation-volvulus syndrome (GDV) is a combination of intragastric accumulation of
gas and fluid and a rotation of the stomach along its long axis. This results in a variety of
life-threatening conditions including circulatory shock and systemic inflammatory response
syndrome (SIRS). Untreated, it leads to death.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® The mechanism that initiates a GDV episode remains unknown. The gas produced is pri-
marily carbon dioxide with some hydrogen, likely from bacterial fermentation. The source
of bacteria would be ingested food or duodenal reflux. Severe gastric distension manifests
as visible abdominal distension, restlessness, excessive salivation and swallowing, and
nonproductive retching. Intraperitoneal pressure elevation, obstruction of the compliant
caudal vena cava, decreased venous return and cardiac output, hypoxemia, microcircula-
tory injury, and maldistribution of blood flow result in signs of circulatory shock. Cyto-
kine production, cellular dysfunction, and reperfusion injury following resuscitation can
induce SIRS and disseminated intravascular coagulation. These consequences can culmi-
nate in multiorgan failure and death.

Systems Affected

® Cardiovascular: translocation of fluid into the stomach and hemorrhage from rupture of
the short gastric and epiploic vessels can cause significant hypovolemia. Hypoxemia, elec-
trolyte disturbances, acid-base imbalances, and release of myocardial depressant factors
can result in myocardial dysrhythmias (e.g., ventricular premature contractions). Pain is
considerable, and the sympathetic response can contribute to cardiovascular compromise.

® Gastrointestinal: gastric rotation and tearing of gastric blood supply causes reduced gas-
tric blood flow and ischemia. Increased intraperitoneal pressures and decreased cardiac
output reduce splanchnic blood flow.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
Second Edition. Edited by Elisa M. Mazzaferro.
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® Respiratory: upper airway obstruction from regurgitation and aspiration of swallowed
saliva; decreased thoracic capacity leading to hypoventilation and hypoxia.

® Endocrine/metabolic: circulatory shock leads to lactic acidosis; fluid translocation
can result in hypokalemia. Reperfusion injury expected with resuscitation and gastric
derotation.

= Hemic/lymphatic/immune: bacterial and endotoxin translocation through disabled GI
mucosal barrier into the lymphatics and bloodstream is expected. As the stomach rotates,
it can pull at the short gastric vessels, causing a splenic torsion or splenic ischemia.

m Hepatobiliary: because the liver may be compromised from venous congestion and circu-
latory shock, bacteria may not be removed from the portal system, resulting in septicemia.

Fl SIGNALMENT/HISTORY

Risk Factors

GDV can occur in any breed or species of animal, although it is most commonly seen in large
breed dogs with increased thoracic depth to width ratio (e.g., Great Dane, Gordon and Irish
Setter, Weimeraner, Standard Poodle, Basset Hound, Saint Bernard). Other characteristics
associated with GDV include having a first-degree relative that suffered GDV and owner’s
perception of high-level stress in the dog. Additional factors thought to influence the for-
mation of GDV include lean body condition, increasing age, large drops in environmental
temperature over a short period of time, feeding single large meals, overeating, small kibble
size, elevated feeding bowls, postprandial exercise, anesthesia, and aerophagia. The addition
of table food or canned food to the diet of large and giant breed dogs has been associated with
a decreased incidence of GDV.

Historical Findings

= Common presenting complaints include “vomiting” or dry heaves, describing nonproduc-
tive retching, restlessness, increased salivation, and abdominal distension.

Q CLINICAL FEATURES

® Poor perfusion based on brick red or pale mucous membrane color, rapid or prolonged
capillary refill time, weak or bounding pulse quality.

Tachycardia

Hypersalivation

Excessive efforts to swallow

Abdominal distension with gastric tympany (this may be hidden under the rib cage in
some cases) Tachypnea with or without labored breathing

Nonproductive retching

® Occasionally splenomegaly can be palpated
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,y) DIFFERENTIAL DIAGNOSIS

Gastric dilation without volvulus

Splenic torsion

Intestinal volvulus

Abdominal organomegaly

Abdominal effusion

Megaesophagus or esophageal foreign body
Severe oropharyngeal or esophageal inflammation

E DIAGNOSTICS

The physical exam findings that lead to a suspicion of GDV are listed in the clinical features.
An immediate packed cell volume (PCV), total solids by refractometer, electrolyte panel,
venous blood gas, glucose and lactate levels are evaluated and abnormalities determined.
Because GDV is considered an emergency surgical procedure, preanesthetic laboratory analysis
is indicated. This includes a complete blood count, serum chemistry, and prothrombin/
activated partial thromboplastin times.

A right lateral abdominal radiograph is usually the most diagnostic view for confirming
the diagnosis. Typical radiographic signs include gas- or fluid-dilated stomach and displace-
ment of the pylorus in a dorsal position causing compartmentalization or “Popeye arm”
(Fig. 35.1). The presence of gas within the gastric wall may occur with significant gastric wall
necrosis. Occasionally, a left lateral or dorsoventral abdominal radiograph is also needed.

M Fig. 35.1. Right lateral abdominal radiographs showing gas distension of the stomach with dorsocranial displacement
of the pylorus, consistent with GDV.
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Right and left lateral and dorsoventral thoracic radiographs may be taken to rule out preex-
isting neoplastic disease or cardiomegaly suggestive of underlying cardiomyopathy. The pres-
ence of a megaesophagus is common and usually resolves with definitive treatment of GDV.
Ventrodorsal radiographs are not recommended, since positioning can place extra pressure
on the vena cava and additional compromise in venous return.

An electrocardiogram and blood pressure are also evaluated. It is not unusual to discover
a ventricular dysrhythmia caused by myocardial hypoxia and circulating cytokines. Hyper-
tension is also not uncommon, and usually corrects with fluid resuscitation and analgesia.
When hypotension or bradycardia exist, severe to catastrophic shock may be occurring.

Pathologic Findings

Lactic acidosis is common, caused by severe circulatory shock. Anemia and hypoprotein-
emia can occur with hemorrhage and loss into the damaged GI tract. Increased lactate levels
that do not improve with treatment are associated with increased complications. Decreased
platelet count and increased clotting times are not unexpected, and can be caused by con-
sumption from hemorrhage or a systemic inflammatory process. A significant coagulopathy
with evidence of hemorrhage requires careful hemostasis during surgery and judicious use
of synthetic colloids.

Ventricular dysrhythmias can occur pre-, intra-, and postoperatively. Esophageal dilation is
also a reversible problem that usually corrects spontaneously following gastric repositioning.

The stomach can rotate in any direction. Most commonly, however, it rotates 180-270°
in a clockwise direction (as viewed from caudal). This means the pylorus initially moves
ventral and to the left and ultimately rests in the dorsal left quadrant of the abdomen. Various
degrees of gastric injury will be encountered but most commonly, the cardia, up to the esoph-
ageal hiatus, and the greater curvature of the fundus of the stomach are affected. Changes can
be minor, with only mild hyperemia seen, or major with black and ischemic gastric wall seen.

Peritoneal hemorrhage will most commonly occur from torn gastroepiploic and short
gastric vessels. Additional intraoperative findings can include splenic enlargement or torsion,
and pancreatic edema.

0 THERAPEUTICS

Intravascular volume resuscitation and analgesia therapy are the key to success, followed by
decompression of the stomach.

Drugs of Choice

Fluid Resuscitation

Initially (multiple) peripheral IV catheters are inserted, and IV crystalloid and colloid fluids
are administered in conjunction with analgesic drugs. A balanced, buffered, isotonic solution
is rapidly bolused in incremental dosages (20-30mlL/kg) in conjunction with incremental
dosages of colloids (such as hydroxyethyl starch or Oxyglobin™ if available; 5 mI/kg) until
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perfusion parameters are normal. These solutions preserve colloid osmotic pressure during
fluid resuscitation. In addition, Oxyglobin™ carries oxygen to tissues with compromised
blood flow and has a mild vasoconstricting effect which might be desired during SIRS states,
such as occurs in the GDV patient. The rapidly deteriorating hypovolemic patient without
significant hemorrhage may benefit from the infusion of hypertonic saline (4 mL/kg 7% solu-
tion) with hydroxyethyl starch in an effort to augment exogenous fluid infusion with inter-
stitial fluid redistribution.

Balanced Analgesia
Pure agonist opioids (such as fentanyl 5pg/kg IV followed by a continuous infusion of
3-5 pg/kg/h) are given with a benzodiazepine (such as midazolam, 0.2 mg/kg 1V). Lidocaine
(2-4 mg/kg bolus, followed by 50 pg/kg/h or 300 mg in 1 liter isotonic saline set at 2 mlL/kg/h)
is used as an adjunctive analgesic and when a significant ventricular dysrhythmia develops.
Opioids and lidocaine can be mixed in the same fluid bag for continuous infusion.

Opioid infusion will not exacerbate attempts to vomit in the critically ill patient, and
should not be withheld.

Antibiotics

Perioperative broad-spectrum antibiotics such as a first-generation cephalosporin or ampi-
cillin (22mg/kg 1V) should be administered within 30 minutes of surgery. Although rarely
required, additional antimicrobials may be selected for anaerobes or resistant gram-negative
coverage based on findings at the time of surgery.

Gastric Decompression

The stomach is decompressed if it can be percussed behind the ribs, or the distension is
causing a significant degree of discomfort. Percutaneous decompression is less stressful, less
painful, and requires minimal assistance compared to orogastric intubation and decompres-
sion. Percutaneous decompression is performed by sterilely preparing the skin over a tym-
panic region and percutaneously placing a large-bore (14-16G) over-the-needle catheter.
The stomach is gently pushed toward the catheter as it deflates. Once fluid and gas stop
draining, the catheter is removed (Fig. 35.2).

Orogastric intubation can also be performed, but the patient should be anesthetized and
tracheally intubated to reduce stress and discomfort, and protect the airway. There is a risk
of esophageal and/or gastric trauma and perforation. For catastrophic cases that are dying
before your eyes, or when immediate surgery is not possible, nasogastric intubation can be
attempted.

Precautions/Interactions

Nonsteroidal antiinflammatory agents are not used because of potential adverse effects to the
GI tract. Corticosteroids have not been shown to reduce morbidity or mortality in the GDV
patient, and may increase risk of GI ulceration and sepsis.
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M Fig. 35.2. Percutaneous decompression of the stomach via trocarization, using a 14 gauge long over-the-needle
catheter.

Appropriate Healthcare

Clients should be informed that a primary gastric motility disorder may not be resolved with
treatment and gastropexy, and some cases will continue to suffer gastric distension. This may
or may not respond to promotility agents (e.g., metoclopramide or cisapride). Chronic GI
signs warrant GI biopsy collection at the time of surgery and gastropexy.

Nursing Care

Postoperative care should focus on ensuring analgesia and overall comfort, wound manage-
ment of the incision site, and catheter and feeding tube maintenance.

Diet

Feeding multiple meals, and hydrating kibble prior to feeding may reduce the incidence of
bloating.

Activity

Increased, in general.

Surgical Considerations

The stomach usually does not return to normal position without surgery, and the degree of
gastric necrosis cannot be determined medically. In addition, the risk of recurrence of GDV
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without gastropexy is 54-80%. Therefore emergency surgery is recommended following
resuscitation to return the stomach to normal position, remove necrotic or ischemic gastric
or splenic tissue, and pexy the pyloric antrum to the peritoneal wall.

Surgical preparation of the abdomen, ventral thorax, and inguinal area is preferably per-
formed prior to anesthesia to minimize the time under anesthesia. The lateral abdomen is
prepared for possible gastrostomy or jejunostomy feeding tube placement. The inguinal area
is prepared in case central femoral vascular access is required intraoperatively.

Rapid IV anesthetic induction is performed so that immediate control of the airway can
be taken. Ketamine (5mg/kg) and midazolam/diazepam (0.25mg/kg) or fentanyl (10 pg/kg
IV) with diazepam (0.5-1.0mg/kg IV) have few negative cardiovascular effects. Propofol
2—4mg/kg can also be used. The amount of pressure placed on the diaphragm by the dilated
stomach will hinder effective chest expansion. Assisted ventilation is recommended regard-
less of spontaneous ventilatory efforts. Epidural analgesia can reduce the amount of inhalant
anesthetic required.

Appropriate intraoperative monitoring includes constant ECG for dysrhythmia detec-
tion. Blood pressure monitoring is important, especially when the stomach is decompressed
completely, and the pressure on the central vein is released. A sudden decrease in preload
can produce acute hypotension. In addition, many anesthetic agents augment hypotension
(iso-, sevoflurane) or potentiate dysrhythmias (halothane). End-tidal CO, helps monitor
for adequate ventilation. Pulse oximetry monitors trends of change in hemoglobin oxygen
saturation.

A routine approach to the abdomen is made from xyphoid to pubis. The peritoneal wall
is carefully incised to avoid inadvertent incision of the distended GI tract. This approach
allows adequate exposure for complete evaluation of the abdominal organs. If there is signifi-
cant hemorrhage, decompression of the stomach must first be performed to permit adequate
exposure of the abdominal organs. An orogastric tube is passed with the surgeon gently
guiding the tube into the stomach by palpation of the esophageal hiatus. Decompression
will greatly facilitate derotation of the stomach. Usually the stomach will be rotated with
the pylorus traveling ventrally and to the left, so one hand is used to press the right side of
the dilated stomach down and the pyloric region is grasped with the other hand and gently
pulled up ventrally and to the right. If passage of the tube is not possible, and the stomach
cannot be derotated, a large-bore catheter stylet or needle can be used for centesis or attached
directly to a suction apparatus for gas and fluid removal. If there is a large amount of food in
the stomach, a gastrotomy is performed and the ingesta shoveled out.

Hemorrhage is controlled with packing and/or ligation following derotation of the
stomach. Any questionable stomach wall integrity is noted, and the rest of the abdomen is
explored. Gastrectomy may not be required once blood flow is reestablished. The spleen is
often congested and may be displaced. Evaluation for thromboses is made by palpation of
the splenic arteries and inspection of the color of the parenchyma. Lack of blood supply or
dark purple color means the tissues have lost their blood supply and a partial or complete
splenectomy is warranted. The pancreas is inspected for loss of blood supply and edema. The
remaining intestines are inspected for pathology. The hepatobiliary and genitourinary organs
are routinely evaluated.
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Once the exploratory is completed, the stomach is reinspected. If there are any black or
dark purple regions, these should be removed with TA staples or resection. Any area that does
not bleed bright red blood is suspect and should be removed. Large invaginations of ischemic
tissues are not recommended because of potential life-threatening hemorrhage that can occur
when the tissues slough. In contrast to the serosa, when the mucosa is black resection is not
always necessary. The mucosa will regenerate if there is a healthy submucosa. However, it is
the author’s experience that removal of compromised but viable tissue results in decreased
hospital stay. Postoperative monitoring for intragastric hemorrhage is important. The spleen
is reinspected and either partially or completely removed if infarcted areas exist.

The type of pexy performed is completely dependent on the surgeon’s preference and the
time involved. The incisional gastropexy is rapidly performed and provides reliable adhe-
sion. It is not recommended to suture the gastric wall to the midline abdominal incision,
even in the critical GDV patient. Any future abdominal surgeries will be severely compro-
mised by the adhesions formed.

Maintaining gastric decompression postoperatively is recommended in the critical GDV
patient. Nasogastric tubes are preferably placed intraoperatively with proper placement
assured by palpation. Gastrostomy tube placement allows large-volume decompression and
removal of large clots that can occur with large resections. Monitoring gastric residual vol-
ume and immediate enteral feeding are facilitated with feeding tube placement.

Jejunostomy or nasojejunostomy tube placement may be necessary if any significant
gastric resection or pancreatic trauma occurs.

Copious saline lavage and suction of the abdomen is necessary. A routine three-layer closure
is performed and dressings are placed over the incision site and ostomy tube sites. Any evidence
of peritonitis warrants culture and sensitivity of the peritoneum and abdominal drainage.

COMMENTS

Client Education

Following the recovery period, few restrictions are necessary. More frequent, lower volume
feedings may prevent a recurrence of gastric dilation.

Prevention/Avoidance

More frequent, lower volume meals may reduce the risk of GDV. Prophylactic gastropexy will
reduce the incidence of GDV, and should be considered in dogs at risk, or when any intraabdom-
inal surgery is being performed in dogs at risk. Finally, not breeding dogs that have an affected
first-degree relative or are a breed at risk for GDV can reduce the overall incidence of GDV.

Possible Complications

Gastric necrosis, gastric perforation, septic peritonitis, circulatory shock, and death are
expected to occur in the untreated GDV patient.
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Expected Course and Prognosis

Prognosis is good to excellent for dogs that receive immediate therapy and a gastropexy
procedure.

Recently reported mortality rates are around 10% for dogs with GDV. Risk factors sig-
nificantly associated with death prior to suture removal are a persistent hyperlactatemia,
combined splenectomy and partial gastrectomy, hypotension at any time, peritonitis, sepsis,
disseminated intravascular coagulation, and presenting in a comatose state. Incidence of
acute kidney injury and dysrhythmias may be reduced by initiating a continuous infusion of
lidocaine (2 mg/kg/h) during stabilization.

There is a reported recurrence rate of 4-6% of GDV in dogs following gastropexy. In
addition, the gastropexy does not correct problems causing delayed gastric emptying.

Synonyms

Bloat

Abbreviations

ECG: electrocardiogram

GDV: gastric dilation-volvulus

GIL:  gastrointestinal

SIRS: systemic inflammatory response syndrome
IV:  intravenous

PCV: packed cell volume

TA: thoracoabdominal
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chapter 36

Gastrointestinal Foreign
Body/Obstruction

DEFINITION/OVERVIEW

Gastrointestinal obstruction is a common condition encountered in small animal medicine.
Obstruction is classically categorized as either mechanical or functional. Mechanical
obstruction in the gastrointestinal tract is most often due to entrapped foreign material
within the gastrointestinal lumen, but it can also be caused by intussusception, intestinal
entrapment, torsion, mucosal or muscular hypertrophy, or neoplasia. Functional obstruc-
tion of the gastrointestinal tract, also referred to as ileus, most often results from inflam-
mation or infection and is specifically addressed elsewhere.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Gastrointestinal mechanical obstruction may occur following indiscriminate ingestion
of nonfood items. Frequently ingested items that may cause a focal obstruction include
rocks, balls, toys, hair (trichobezoars), corncobs, peach pits, plant material, and clothing
items.

® Focal obstruction most commonly occurs at areas where the stomach and small intestine
narrow (i.e., pylorus, caudal duodenal flexure, and ileocolic junction), although items
may become lodged at any point along the gastrointestinal tract.

® Gastrointestinal obstruction with linear material is a unique situation most commonly
associated with cats, but can occur frequently in dogs as well. Foreign bodies such as
string, thread, or cloth are ingested, become anchored at the base of the tongue or at the
pylorus, and then cause a plicated obstruction as the intestinal tract attempts to move the
piece of linear material caudally.

Systems Affected

® Gastrointestinal: complete obstruction results in gas and fluid distension orad to the for-
eign body. Blood supply to the mucosa and submucosa is damaged, and full-thickness
wall necrosis with perforation may occur at the obstruction site. With linear foreign body
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M Fig. 36.1. Intraoperative photograph of a kitten with a linear foreign body showing a perforation along the mes-
enteric border of the jejunum.

ingestion, peristalsis advances the material into the intestine, and as a result of the anchor,
the intestine will gather around the foreign body. This plication of the intestines may cause
a complete or, more often, partial obstruction. Intestinal peristalsis continues against the
fixed material and may lacerate the mucosa and cause perforations along the mesenteric
border (Fig. 36.1). The resulting peritonitis from gastrointestinal perforation secondary to
foreign body ingestion is associated with poor wound healing and a high mortality rate.

® Cardiovascular: complete mechanical gastrointestinal obstructions can lead to breakdown
of the mucosal barrier, wall necrosis, or perforation and have a high likelihood of causing
hypovolemic and septic shock.

@ SIGNALMENT/HISTORY

® There is no specific signalment associated with gastrointestinal foreign body obstruction,
although there is a tendency for dogs and cats to be relatively young (<4 years).

m Clinical signs associated with gastrointestinal obstruction are influenced by location,
completeness, and duration of obstruction.

® Acute obstructions have a history most consistent with an acute abdomen: vomiting,
bloody diarrhea, and abdominal pain (Fig. 36.2).

® Complete high obstructions are associated with protracted vomiting, severe dehydration,
electrolyte imbalance, and hypovolemic shock.

= Animals with chronic, partial, or low obstructions may have more vague clinical signs:
inappetence, weight loss, occasional vomiting, and diarrhea.
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M Fig. 36.2. A 5-year-old female pug in the “praying” position demonstrating acute abdominal pain secondary to a
small intestinal foreign body.

® Historical information may be valuable in aiding the diagnosis of gastrointestinal obstruc-
tion, as owners may report witnessing foreign material ingestion or know that objects
from their home are missing.

m CLINICAL FEATURES

Physical examination may reveal a guarded painful abdomen. Animals will frequently
display clinical signs consistent with dehydration: abnormal skin tent, dry mucous mem-
branes, delayed CRT, and sunken globes.

With linear foreign body obstruction, abdominal palpation may or may not painful, but
may reveal a large mass of bundled intestines ventrally. Careful oral examination may
reveal the foreign material anchored around the base of the tongue, particularly in cats.

DIFFERENTIAL DIAGNOSIS

Gastroenteritis

Acute pancreatitis

Mesenteric torsion
Intussusception

Benign pyloric outflow obstruction
Functional ileus

Neoplasia

Feline infectious peritonitis (cats)
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E DIAGNOSTICS

Survey abdominal radiographs: occasionally, radioopaque foreign material causing
obstruction can be visualized on abdominal radiographs. However, when the foreign body
cannot be seen, mechanical obstruction may cause varying degrees of gastric and small
intestinal dilation, depending on the location, degree, and duration of obstruction.

For linear foreign body obstruction, the classic radiographic pattern of gathered intestines
to the right of the midline may be apparent, but intestinal loops are not usually abnormally
dilated as the obstruction is incomplete. Small, eccentrically located luminal gas bubbles,
tapered at one or both ends, are a more typical finding for linear foreign body obstruction.
Additional imaging: if the diagnosis is still uncertain, survey radiographs may be repeated
at a later time or other imaging techniques, such as upper gastrointestinal contrast studies
or abdominal ultrasonography, may be performed.

Abdominal ultrasound has been shown to be beneficial in the diagnosis of small intestinal
mechanical obstruction. It may detect foreign bodies by the distal acoustic shadowing and
may identify segmental small intestinal dilation.

Abdominal ultrasound may also detect linear foreign body obstruction by identitying
intestinal plication on either side of a central hyperechoic line (Fig. 36.3).
Gastrointestinal contrast studies can be performed when radiographic or ultrasonographic
imaging is uncertain. However, barium contrast agents are contraindicated if perforation

SI MID ABD TRANS

M Fig. 36.3. A static ultrasonographic image demonstrating linear foreign body partial obstruction with small intestinal
plication.
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is suspected and iodinated contrast agents may exacerbate dehydration. A pneumocolo-
nogram is an easy negative contrast study that may be helpful in differentiating the large
intestine from gas-distended small intestine.

Laboratory findings may demonstrate a wide range of electrolyte abnormalities, acid—base
disturbances, anemia, hypoalbuminemia, stress or inflammatory leukograms, and evi-
dence of dehydration.

Obstruction at the pylorus or in the proximal duodenum may result in a classic hypochlo-
remic, hypokalemic metabolic alkalosis that occurs from loss of electrolytes in protracted
vomiting. However, these derangements can occur with distal obstruction as well.

\J

THERAPEUTICS

®  Gastrointestinal obstruction is considered a surgical emergency. Prior to surgery, the ani-

mal’s hemodynamic and electrolyte status should be stabilized, although surgery should
not be delayed unnecessarily. A complete and thorough abdominal exploratory is neces-
sary to locate suspected obstructions. Conservative management of linear foreign bod-
ies has been reported in cats, but many animals managed medically ultimately require
surgery.

Surgical Considerations

Prophylactic antimicrobials are indicated as these surgeries are at a minimum classified as
clean contaminated.
Synthetic absorbable monofilament suture (3-0 to 4-0) with a swaged-on taper needle is
the material of choice for most gastrointestinal surgery.
There are numerous techniques described for closure of gastrointestinal incisions. Regard-
less of the suture pattern chosen, inclusion of the submucosal layer in the closure is vital.
Full-thickness purchase of the tissue ensures that this holding layer is incorporated in the
suture line.
Gastrotomy is required for removal of gastric foreign bodies. The ventral body of the stom-
ach is incised with a longitudinal incision between the lesser and greater curvature large
enough to remove the foreign material. Specific options for gastrotomy closure include
the following.
¢ Single-layer full-thickness simple continuous pattern (Fig. 36.4)
» Two-layer continuous inverting pattern
O Full-thickness simple continuous pattern, followed by
O Partial-thickness (seromuscular) Lembert or Cushing pattern
» Two-layer continuous inverting pattern
O Simple continuous to close the mucosa and submucosa, followed by
O Partial-thickness (seromuscular) Lembert or Cushing pattern

m For intestinal foreign bodies, subjective criteria are most often used to determine the viabil-

ity of the tissue at the level of the obstruction and to decide whether simple enterotomy
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M Fig. 36.4. Single-layer simple continuous closure of a gastrotomy incision following foreign body removal.

or intestinal resection and anastomosis is indicated to address the problem. These param-
eters include color, peristalsis, arterial pulsation, capillary (cut surface) bleeding, and tis-
sue thickness. Multiple enterotomies are typically required for removal of linear foreign
bodies. This allows for segmental removal of the material and minimizes the risk of iatro-
genic perforation from too much traction.

= As with gastrotomy incisions, there are numerous ways to close simple enterotomies, but
double-layer closures should be avoided due to the potential for luminal compromise.
Some options for simple enterotomy closure include the following.

* Single-layer simple continuous appositional pattern (Fig. 36.5)
* Single-layer simple interrupted appositional pattern

® If intestinal resection and anastomosis are indicated, single-layer simple interrupted or
modified simple continuous approximating patterns are also preferred. In a modified
technique, two suture lines are used: one originating at the mesenteric border and the
other originating at the antimesenteric border. A single-layer full-thickness continuous
suture line is placed from the mesenteric knot to the stay suture at the antimesenteric
knot with tissue purchases 2mm from the wound edge and 2-3mm apart. This is
repeated on the other side from the antimesenteric knot to the mesenteric knot. There
is no difference in reported rates of dehiscence between animals with simple continu-
ous anastomotic closures and animals with simple interrupted closures.

= An alternative to performing a hand-sewn anastomosis following intestinal resection is to
use surgical staples to create a functional end-to-end anastomosis.
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M Fig. 36.5. Intraoperative photograph of creation of a stapled functional end-to-end anastomosis using a gastroin-
testinal anastomotic stapler (GIA).

COMMENTS

Possible Complications

® FEarly recognition may prevent most major complications, but intestinal necrosis, perfora-
tion, dehiscence, peritonitis, and sepsis are all possible complications for gastrointestinal
obstruction.

Expected Course and Prognosis

® Following surgery, the prognosis for animals with mechanical gastrointestinal obstruction
is generally good to excellent.

® A worse prognosis is associated with linear foreign body obstruction, long duration of
clinical signs, and multiple intestinal procedures.

m If the gastrointestinal tract has been perforated and peritonitis is present, the prognosis
becomes guarded to poor. Perforated intestine from foreign material can carry a mortality
rate around 50%.

m If proper surgical technique is not used or if risk factors for poor intestinal healing are
present (i.e., hypoalbuminemia, peritonitis, immunosuppression), dehiscence of gas-
trointestinal incisions may occur; mortality associated with this scenario approaches
75-85%.
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CRT: capillary refill time
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Glaucoma

E§| DEFINITION /OVERVIEW

® The definition of glaucoma has changed considerably over time and glaucoma is now
considered to be a group of related diseases in which an elevation of IOP is a consistent
feature.

® The increased IOP is detrimental to vision and ocular health and results in discomfort.

® Primary glaucoma is a bilateral disease but in most cases, one eye becomes affected before
the other.

[~ ETIOLOGY/PATHOPHYSIOLOGY

m Arises from decreased drainage of AH from the eye.
Intraocular fluid production cannot be high enough to increase IOP unless drainage
through the iridocorneal (drainage) angle is severely reduced.
® Primary glaucoma is due to an anatomical defect in the iridocorneal angle; the angle may
either be too narrow or may be covered with the remnant of an embryonic sheet of tissue.
It is a breed-related disease in dogs and cats; very common in dogs but rarely seen
in cats.
m Secondary glaucoma is an increase in IOP due to reduced AH drainage secondary to
another ocular condition, such as uveitis, neoplasia or lens luxation.
* Secondary glaucoma is the most common type seen in cats and is also common in
dogs.
* The most common cause of secondary glaucoma in dogs is lens-induced uveitis sec-
ondary to cataract formation, although infectious causes and neoplastic causes are
quite common as well.

Systems Affected

® Glaucoma only affects the ophthalmic system.
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Fl SIGNALMENT/HISTORY

Many breeds of dogs are affected with primary glaucoma (Box 37.1).

In cats, breed predisposition for glaucoma has been reported in Siamese, Persian, Bur-
mese, and European shorthair; glaucoma is rare in cats in general but may occur in older
cats of any breed.

Sex predilection for primary glaucoma in dogs varies by decade but in some breeds (e.g.,
American and English cocker spaniels, basset hound, Cairn terrier, Chow, Samoyed, Sibe-
rian husky, and Welsh springer spaniel), females are more often affected.

No sex predilection has been noted in cats.

There is no sex predilection for secondary glaucoma in dogs or cats except in cases caused
by primary diseases with given sex predilections (e.g., female cats with aqueous humor
misdirection syndrome).

Age of onset of primary glaucoma in dogs varies considerably by breed but ranges from
4 to 10 years, with median age for many breeds falling around 6 years.

No age of onset for glaucoma has been reported in cats, although primary noncongenital
glaucoma is noted to be more common in senile cats.

Historical Findings

® Squinting and epiphora from the affected eye: varies from pronounced in some cases to

absent in others.

® Red eye: due to episcleral congestion (Fig. 37.1) with or without conjunctival hyperemia.

BOX 37.1. Breeds of dogs reported to have primary glaucoma (adapted from Plummer et al. 2013).

Akita

Dalmatian

Norwich terrier

Alaskan malamute

Dandie Dinmont terrier

Poodle (toy/miniature)

Basset hound

English springer spaniel

Samoyed

Beagle German shepherd Scottish terrier
Border collie Giant schnauzer Sealyham terrier
Boston terrier Greyhound Shih tzu
Bouvier des Flandres Irish setter Siberian husky

Brittany spaniel

Italian greyhound

Skye terrier

Cairn terrier

Lakeland terrier

Smooth fox terrier

Cardigan Welsh corgi

Maltese

Tibetan terrier

Chihuahua

Miniature pinscher

Welsh springer spaniel

Cocker spaniel, American

Miniature schnauzer

Welsh terrier

Cocker spaniel, English

Norfolk terrier

West Highland white terrier

Dachshund

Norwegian elkhound

Wirehaired fox terrier
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M Fig. 37.1. Red sclera (episcleral injection) with corneal cloudiness (corneal edema) consistent with glaucoma.

® Cloudy eye: due to corneal edema; this may give the appearance of an enlarged eye even
in the absence of true buphthalmos.

® Pets may be more quiet and depressed than usual.

m Cats often have no historical findings.

® Vision loss may or may not be noted, depending on the individual pet and the quality of
vision in the contralateral eye.

Q CLINICAL FEATURES

Dogs

® Clinical signs vary according to stage and type of glaucoma.

® FEarly primary glaucoma is insidious; clinical signs may be very subtle and can be missed
unless IOPs are obtained. The signs include slight or intermittent mydriasis, mild corneal
edema, variable episcleral injection, and mild elevations in IOP (25-30 mmHg).

m Signs of moderate to advanced glaucoma include pronounced mydriasis, episcleral injec-
tion, distinct corneal edema, and variable vision loss. IOP usually ranges from 30 to
90mmHg. Optic disk changes may be present (dark, cupped), depending on duration of
pressure elevation.

® Chronic glaucoma is characterized by persistent mydriasis, blindness, corneal edema,
episcleral injection, and optic disk changes (dark, cupped). Conjunctival hyperemia and
regions of tapetal hyperreflectivity in the fundus may be noted as well. Some cases will
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M Fig. 37.2. End-stage glaucoma in a Siberian husky. Note the cloudy cornea and buphthalmic appearance to the
dog’s left eye.

develop buphthalmos (ocular enlargement) over time, which may in turn lead to Haab’s
striae in the cornea and lens subluxation or luxation (usually posterior). Intraocular pres-
sure may be very high (40-90 mmHg) (Fig. 37.2).

® Signs of secondary glaucoma are those of primary glaucoma, with the addition of the signs of
the primary cause (e.g., uveitis, intraocular neoplasm, lens luxation). A miotic pupil in the
presence of elevated intraocular pressure should increase suspicion for secondary glaucoma.

Cats

= Clinical signs are often more subtle than in dogs and therefore may be easily overlooked.

* Frequently, clinical signs have been present for an extended period and blindness
and buphthalmia are present.

* Secondary glaucoma is more common than primary glaucoma in cats, however, and
patients may present with signs of uveitis or intraocular neoplasms and subsequently
be diagnosed with elevated intraocular pressures.

® Mydriasis is the most consistent finding in early glaucoma.

m Episcleral injection and conspicuous corneal edema (which occur in dogs) usually do not
develop in cats.

m Elevated IOP is present.

@ DIFFERENTIAL DIAGNOSIS

® Conjunctivitis: redness limited to conjunctival hyperemia; less severe discomfort, which
is usually alleviated by topical anesthetic.
= No corneal edema, episcleral injection, or buphthalmos; normal vision.
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Uveitis: aqueous {lare is present, IOP is low, pupil is usually miotic.
Ulcerative keratitis: corneal fluorescence staining is positive, corneal edema is localized to
one or several areas, and discomfort is alleviated by topical anesthetic.

m Corneal endothelial dystrophy: diffuse corneal edema but not painful, IOP is normal, and
there is limited to no conjunctival hyperemia or episcleral injection.

E DIAGNOSTICS

= Tonometry: elevated IOP. May range from 25 to 75+ mmHg depending on stage and sever-
ity. This is the definitive test, although false positives are possible for inexperienced opera-
tors or with fractious patients due to manipulation of eyelids or pressure on the jugular
veins during restraint.
® Gonioscopy: allows for direct visualization of the iridocorneal angle (Fig. 37.3).
* Facilitates the differentiation of primary from secondary glaucoma and prognosis of
the unaffected eye.
®  Ophthalmoscopy: to evaluate the optic disk for cupping.
» Allows for prognosis. A cupped optic disk indicates a poor prognosis for vision.

M Fig. 37.3. Drainage angle in a dog with glaucoma.
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THERAPEUTICS

®  Treatment modality is initially based on the absence or presence of vision on presentation, prog-
nosis, willingness of the owner to treat the patient, cost of therapy, and patient temperament.

m Objective of therapy in sighted or recently sighted eyes is to lower the IOP as rapidly as
possible with the goal of minimizing damage to the retina and optic nerve. This may pre-
serve vision and will alleviate pain.

m Objective of prophylactic therapy in the contralateral, at-risk eye in primary glaucoma
cases is to delay the onset of elevated intraocular pressure.

Medical Therapy for Primary Glaucoma

Initial Medical Intraocular Pressure Control (Emergency)

® For acute-onset glaucoma, emergency medications should be administered and intraocular
pressure should be monitored to ensure response to medications. This may require patient
hospitalization. After administration of initial medications, generally recheck pressure at
1 hour to assess for responsiveness and determine whether further intervention is needed.

® A sample protocol for acute primary glaucoma with significant pressure elevation might be:

1 drop each of latanoprost and dorzolamide-timolol, recheck in 1 hour.
If significant drop, continue therapy at recommended dosing.

If moderate effect, recheck again in 1 hour .

If no effect or incomplete effect, consider addition of osmotic therapy.
See below for details and contraindications for specific medications.

® Prostaglandins: topical

Latanoprost, travoprost, or bimatoprost: topical; apply 1 drop every 12 hours.

Most effective class of antiglaucoma medication at eliciting a rapid drop in intraocu-
lar pressure in the emergency setting.

Cause profound miosis.

Ineffective in cats.

Contraindications:

O Confirmed or suspected anterior lens luxation (for example, any Jack Russell
Terrier with acute-onset corneal edema/discomfort where the lens cannot be
visualized clearly to rule out anterior luxation).

O Avoided if possible as first line of therapy in secondary glaucoma with uveitis,
although may be indicated if other antiglaucoma medications fail to reduce IOP.

= Non-prostaglandin miotics, topical: less widely used now that prostaglandin analogs are
less cost-prohibitive and easily available.

Parasympathomimetics.
O Pilocarpine (1% or 2%): duration of action ~6 hours so requires 3—4 times daily
dosing; irritating.
O Demecarium bromide (0.125% or 0.250%): apply once daily; contraindicated
in cats; compounded only.
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Carbonic anhydrase inhibitors.

 Topical: dorzolamide hydrochloride, brinzolamide.

O Apply 1 drop every 8 hours.

O Effective in dogs and cats.

O No true contraindications, although dorzolamide is irritating in some patients;
brinzolamide is more costly but frequently better tolerated in those patients.

Beta-blockers.

* Timolol (0.5%), betaxolol: apply 1 drop every 12 hours.

e Limited effect as sole therapy in veterinary species; additive effect with carbonic
anhydrase inhibitors.

» Few side effects, use caution in patients with asthma or cardiac failure — systemic
absorption is well documented.

Fixed-combination dorzolamide hydrochloride 2%/timolol maleate 0.5%.

e Apply 1 drop every 12 hours.

* Synergistic effect.

* See contraindications, etc., for individual medications, earlier in this chapter.

Neuroprotective drugs.

¢ (Calcium channel blockers; oral.

0 Amlodipine may help protect retinal ganglion cells during initial treatment
period; no specific dosing regimen is documented; generally dosing used is
lower than that recommended for control of systemic hypertension.

Osmotic diuretics: for temporary IOP reduction only in an emergency setting, in cases
where medications alone are ineffective at reducing IOP; antiglaucoma medical therapy
must be initiated concurrently to maintain IOP reduction.

e Mannitol, intravenous: give 1-2 g/kg over 20-minute period; onset 30-60 minutes;
duration 5-6 hours; can be repeated. Contraindicated if concurrent congestive heart
failure, renal disease, systemic hypertension, or dehydration are present. Withhold
water or intravenous fluids for 2—4 hours.

* Glycerine (glycerine USP 75%, Osmoglyn 50%), oral: give 1-2ml/kg; not as effec-
tive as mannitol; onset 10-30 minutes; duration 4-5 hours; can be repeated; contra-
indicated if concurrent diabetes mellitus, congestive heart failure, renal disease, sys-
temic hypertension, or dehydration are present. Care should be taken to give slowly
so dog does not inhale it. Gastrointestinal side effects may occur. Will not work well
if concurrent uveitis is present.

Long-Term Intraocular Pressure Control

Prostaglandin analogs, beta-blockers, and CAls may be used long term at dosing frequen-
cies indicated above.
Often surgical therapy is required to maintain vision long term.
For primary glaucoma, prophylactic treatment is recommended for the at-risk eye to delay
onset of glaucoma.

e BID timolol is an effective and inexpensive option.
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* Alternatively, for convenience, use the antiglaucoma medication employed in the
affected eye for prophylaxis in the contralateral eye as well.
* Topical steroids may be beneficial in prophylaxis protocols.

Surgical Therapy for Primary Glaucoma

® Patient selection is important; must have sighted eye; increasing IOP despite medical ther-
apy indicates possible candidates.

® FEarly surgical intervention is recommended; best potential to save vision.

® Two types are available; can use both approaches for some patients.

* Surgeries that construct alternate drainage methods: anterior chamber shunts
(gonioimplants); variable success rate long term, ~50% visual at 1 year; many com-
plications; should be performed by ophthalmologist.

* Surgeries that decrease AH formation: transscleral cyclophotocoagulation (LASER),
endoscopic cyclophotocoagulation; these destroy part of the ciliary body which
produces AH; should be performed by ophthalmologist.

Treatment of End-Stage Primary Glaucoma

® Used when the eye is blind.

= Objectives of therapy are to provide a pain-free, cosmetically acceptable situation.
® Available procedures.

* Enucleation: resolves all need for topical antiglaucoma therapy, eliminates discom-
fort after short healing period, allows for histopathologic evaluation to confirm pri-
mary versus secondary glaucoma; high success rate.

» Evisceration and intrascleral prosthesis: removal of the contents of the eye with
intrascleral prosthesis placement; more cosmetically acceptable for some clients; the
eye is still in place and is subject to trauma and ulcers. Should be performed by an
ophthalmologist.

* Pharmacologic cycloablation: injection of gentamicin (or cidofovir) into the
eye to ablate the ciliary body epithelium and reduce aqueous humor produc-
tion; not as reliable and second injection is required in some patients; eye is still
in place, may become smaller and cloudy, and is subject to trauma and ulcers; per-
formed with sedation rather than general anesthesia by many ophthalmologists,
which may make this a preferable option for some cases; should be employed
only for cases of primary glaucoma. Contraindicated in cats due to concern
for posttraumatic sarcoma development. Performance by an ophthalmologist is rec-
ommended to avoid severe inflammation if the lens is damaged during the procedure.

Treatment of Secondary Glaucoma

® Objectives of therapy: treat the primary cause as well as lower IOP; treat uveitis (including
cataract-associated inflammation) with topical antiinflammatories and systemic medications
as indicated; surgical removal is indicated in lens luxation; enucleation indicated for most
cases of intraocular neoplasia with elevated IOP
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Treatment to lower IOP is as listed previously.
Atropine is contraindicated in eyes with elevated intraocular pressure.

Precautions/Interactions

If uveitis is present, osmotic diuretics are ineffective and could worsen the glaucoma;
miotics and prostaglandin analogs (that induce miosis) are contraindicated in cases of
lens luxation; osmotics should not be used if there has been head trauma or if there is
dehydration, congestive heart failure, hypertension or renal disease; glycerine should
not be used in cases of diabetes mellitus; atropine is contraindicated with glaucoma;
diphenhydramine may be contraindicated in glaucoma patients due to theoretical
anticholinergic-mediated mydriasis.

Diet

No changes in patient’s diet are necessary.

COMMENTS

Client Education

It is important to inform clients that primary glaucoma can only be controlled, not cured,
and that in almost all cases vision will be lost eventually.

Medications must be given as directed or IOP can elevate quickly and vision can be rapidly
lost. Plan ahead for medication refills.

Monitor for squinting, redness, and cloudy cornea.

The contralateral eye is likely to develop elevated intraocular pressure within a year of
diagnosis in the affected eye with primary glaucoma; use of prophylactic antiglaucoma
medications significantly delays onset in the contralateral eye.

Patient Monitoring

Successful reduction of intraocular pressure should be documented by monitoring
response to treatments prior to discharge in acute-onset glaucoma, as persistently ele-
vated intraocular pressure can cause significant, permanent damage in a matter of hours.
After an acute glaucoma episode, the IOP should be checked in 24 hours and, if low, again
in 5-7 days. Frequency of subsequent rechecks is based on perceived degree of intraocular
pressure control.

Prevention/Avoidance

There is no way to prevent primary glaucoma; because one eye often becomes affected
before the other, the unaffected eye should be treated with an antiglaucoma drug as this
has been shown to significantly delay the onset of elevated intraocular pressure.
Discourage breeding of affected dogs (primary glaucoma).
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Possible Complications

® Few systemic complications; vision loss almost always occurs.

Expected Course and Prognosis

® Primary glaucoma will almost always progress to blindness; with therapy, vision can be
retained for variable periods of time and pain can be eliminated.

= Many patients maintain a good quality of life even with vision loss, so long as pressure is
controlled or salvage procedures are pursued to alleviate discomfort.

Abbreviations

AH: aqueous humor

BID: twice a day (bis in die)

CAL: carbonic anhydrase inhibitor
IOP: intraocular pressure
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Heat Stroke and

Heat-Induced lliness

] DEFINITION /OVERVIEW

® Hyperthermia can be categorized as pyrogenic hyperthermia (pyrexia or fever) or nonpy-
rogenic hyperthermia.

m Heat stroke, or heat-induced illness, occurs when heat-dissipating mechanisms are
exceeded by heat gain, and the body cannot accommodate excessive heat. When left
untreated and severe, heat stroke often leads to multiorgan dysfunction or failure, and
could lead to death.

m Heat stroke, or nonpyrogenic hyperthermia, is most commonly observed during warm
and humid months, although it can occur at any time of year, depending on the predispos-
ing cause and patient risk factors.

= When body temperature exceeds 106 °F (41°C) without signs of inflammation, nonpyro-
genic hyperthermia exists (Fig. 38.1).

M Fig. 38.1. Thermometer demonstrating rectal temperature too high to register (>109°F) in a dog with heat stroke.

Blackwells Five-Minute Veterinary Consult Clinical Companion: Small Animal Emetgency and Critical Care,
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Malignant hyperthermia is an uncommon condition that causes nonpyrogenic hyperther-
mia that can occur due to inhalation of anesthetic agents and is familial in some breeds of
dog, including the Labrador retriever.

Other causes of hyperthermia and heat-induced illness include excessive exercise, thyro-
toxicosis, hypothalamic lesions/dysfunction, and status epilepticus.

(3 ETIOLOGY/PATHOPHYSIOLOGY

Under normal circumstances, body temperature is regulated by a balance of heat gain
and compensatory mechanisms for heat loss or dissipation. Nonpyrogenic hyperthermia,
or heat stroke, occurs when heat-dissipating mechanisms become overwhelmed, and the
core body temperature rises.

Normal heat dissipation mechanisms in small animals include evaporative loss through
the respiratory tract during panting and hypersalivation, convective and radiation losses
from peripheral vasodilation, and seeking cooler locations. Warm blood at the periphery
loses some heat as the body lies on a cool surface, for example.

Nonexertional heat stroke occurs when an animal is enclosed in a warm environment and
cannot escape.

Exertional heat stroke occurs when an animal exercises in a warm environment and has
not been acclimated or allowed to rest. Strenuous exercise in warm and humid environ-
ments can cause the normal heat-dissipating mechanisms to be overwhelmed, and core
body temperature rises above the hypothalamic setpoint. Vascular endothelial injury,
sludging of blood flow, vasodilation, and hypotension contribute to decreased vital organ
perfusion and tissue ischemia. Without treatment, damage to the GI tract, liver, kidneys,
heart, and central nervous tissue occurs, and can lead to SIRS, DIC, and MODS. The most
extreme cases are often fatal.

Systems Affected

Neurologic: direct thermal injury and oxidative injury to neurons cause cellular swelling,
tissue hypoxia, and central nervous system dysfunction.

Gastrointestinal: decreased mesenteric blood flow, decreased perfusion, bacterial trans-
location from GI tract, sloughing of basement membrane, and thermal damage to
enterocytes.

Hepatic: decreased splanchnic/portal blood flow, direct thermal injury to hepato-
cytes, hepatocellular ischemia and necrosis, cholestasis, decreased glycogenolysis, and
gluconeogenesis.

Renal: direct thermal injury to nephrons/renal tubular cells and glomerular basement mem-
brane, hypoxic and oxidative damage, renal ischemia secondary to decreased perfusion/
hypotension, myoglobinuria, and renal failure.

Cardiovascular: direct thermal injury to cardiac myocytes, tissue ischemia, and
dysrhythmias.
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® Respiratory: thermal injury to pulmonary endothelium, increased pulmonary vascular
resistance, alveolar edema and hemorrhage, and ARDS in severe cases.
Musculoskeletal: thermal damage to myocytes and rhabdomyolysis.
Hemic/lymphatic/immune: hemoconcentration, increased nucleated red blood cells,
thrombocytopenia, direct thermal injury to vascular endothelium, venous stasis, and
exposure of tissue factor leads to Virchow’s triad and consumption of platelets and clot-
ting factors, DIC.

®  Acid-base: respiratory alkalosis, metabolic acidosis, and lactic acidosis.

Geographic Distribution

® Can occur in any warm-weather climate, although also can occur when animals are locked
in cars with the heater running on cold days.
= More common in warm and humid environments.

-Fl SIGNALMENT/HISTORY

Species

® Primarily dogs, but can occur in cats.

Breed Predilection

® Brachycephalic breeds (i.e., English bulldog, pug, Shar Pei, Pekingese, bull terrier),
Belgian Malinois, breeds predisposed to laryngeal paralysis or tracheal collapse (golden
and Labrador retrievers; Yorkshire terriers), boxer, Rottweiler, St Bernard, Weimaraner,
Australian shepherds.

Mean Age and Range

= All ages, but often very young and older animals.
m QOlder dogs with preexisting disease.
= Younger dogs with overenthusiastic energy levels.

Historical Findings

® Identifiable underlying cause (i.e., hot day, locked in automobile or other confined area
without adequate ventilation, grooming accident associated with heaters in drying cages,
excessive exercise, limited access to water or shade).

® Predisposing underlying diseases (laryngeal paralysis, brachycephalic airway syndrome,
cardiovascular disease, tracheal collapse, neuromuscular disease, upper airway mass
lesion or obstruction, previous history of heat-induced illness).

® General anesthesia, faulty anesthesia equipment.
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Physical Examination Findings

Panting

Tacky or dry mucous membranes

Hyperemic mucous membranes

Markedly rapid or very delayed capillary refill time

Neurologic abnormalities: altered level of consciousness, ataxia, cortical blindness, invol-
untary paddling, tremors, seizures, obtundation, coma

Petechial hemorrhages

Tachycardia

Weak femoral pulses

Pulse deficits

Cardiac dysrhythmias

Bloody diarrhea or melena, sometimes with GI mucosal sloughing
Dark urine

Risk Factors/Causes

Excessive environmental temperatures or humidity; note, it can occur in lower tempera-
tures and in as little as 30 minutes in animals not acclimated to exercise.

Unventilated areas (e.g., hot room, locked in an automobile, or a dryer cage at groomer’s).
Exercise.

Toxicosis (strychnine, metaldehyde, mycotoxin, mushroom) that leads to seizures.
Anesthesia (malignant hyperthermia).

Previous history of heat-related illness.

Age extremes.

Obesity.

Poor acclimatization to heat.

Hyperthyroidism.

Cardiopulmonary disease.

Brachycephalic airway disease.

Tracheal collapse.

Upper airway obstruction.

Thick haircoat.

Dehydration.

History of seizures.

E DIAGNOSTICS

Differentiating causes.

Complete Blood Count/Chemistry/Urinalysis

May be helpful in identifying an underlying disease process.
May be beneficial in identifying sequelae in hyperthermia.
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CBC abnormalities may include a stress leukogram, leukopenia or transient leukocytosis,
hemoconcentration or possibly anemia, nucleated red blood cells, thrombocytopenia.
Biochemical profile may show azotemia, hyperbilirubinuria, elevated hepatocellular and
cholestatic enzymes (i.e., ALT, AST, CK, alkaline phosphatase), hypernatremia, hyper-
chloremia, hyperglycemia or hypoglycemia, hyperphosphatemia, hyper- or hypokalemia,
hyperbilirubinemia, or hypoproteinemia/hypoalbuminemia.

Urinalysis may include hyposthenuria, proteinuria, cylindruria, renal tubular casts, hemo-
globinuria, myoglobinuria, glucosuria; evaluate USG for renal concentrating ability prior
to administration of intravenous fluids, when possible.

Other Laboratory Tests

Blood gas analysis may show mixed acid—base disorder, respiratory alkalosis, or metabolic
acidosis.

Coagulation profiles may indicate prolonged PT, aPTT; FDPs or D-dimers may be posi-
tive. DIC may be present if PT and PTT are prolonged, and if FDPs or D-dimers are posi-
tive. Antithrombin levels may be decreased. Platelet count is usually decreased, or trends
toward thrombocytopenia.

m Electrolytes: hyperkalemia (mild), hypophosphatemia, hypocalcemia.
® Lactate: elevated.

Diagnostic Procedures

Minimum database: PCV/TS, peripheral blood smear evaluation, platelet estimate, blood
glucose, BUN

CBC

Chemistry

Urinalysis

Lactate

aPTT and PT

+ D-dimers

Imaging

Thoracic radiographs may help identify underlying cardiopulmonary disease or predis-
posing causes of heat stroke.

Abdominal radiographs and/or ultrasound may help identify underlying disease process.
May observe fluid-filled loops of bowel.

CT or MRI may help identify hypothalamic or other mass lesion.

\

0 THERAPEUTICS

The key to treatment is early recognition and immediate correction of hyperthermia.
ABCs of emergency — airway, breathing, and circulation: establish an airway if airway
obstruction, clear mucus or vomitus from oropharynx and trachea, if necessary; intubate
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if airway obstruction; need to perform emergency tracheostomy or tracheal oxygen in
most severe cases of airway obstruction; if heat stroke has occurred secondary to seizures
or airway obstruction, monitor patient carefully for development of noncardiogenic pul-
monary edema.

m [Institute cooling measures: place towels soaked in room-temperature water over patient
and place a fan over the patient (Fig. 38.2). This will allow convective and radiant cool-
ing measures. Do not immerse in cold or ice water or ice packs because this can promote
peripheral vasoconstriction. Peripheral vasoconstriction is one of the primary means of
heat dissipation. By removing the compensatory mechanism, core body temperature can
continue to rise and cause worsening of clinical signs. As a general rule, patients should
be cooled to a temperature of 39.4°C (103 °F), then external cooling measures should be
stopped, to avoid overcooling.

= Continuous temperature monitoring; hospitalization is required until temperature has
normalized and is stable even in the least critical patients.

Intensive care monitoring is common and necessary in most cases.

Treat complications such as DIC, noncardiogenic pulmonary edema, ARDS, cerebral
edema, seizures, renal failure, and MODS.

Treat underlying disease and/or correct predisposing factors.

Isotonic crystalloid fluid therapy based on degree of dehydration and fluid loss (GI tract).
Synthetic colloids (i.e., hydroxyethyl starch) in incremental boluses (5ml/kg) or
20-30 ml/kg per day may be required to aid in the treatment of hypotension or hypopro-
teinemia.

® Provide supplemental oxygen by nasal or nasopharyngeal oxygen catheter, tracheal
oxygen, oxygen cage, or oxygen mask (50-150 ml/kg per minute).

M Fig. 38.2. Dog with laryngeal paralysis that succumbed to heat stroke while playing ball on a very hot summer day.
Note the cool towels placed over the dog to allow convective cooling to occur.
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Mechanical ventilation may be required, depending on the degree of cerebral edema,
hypoventilation, pulmonary disease, or airway obstruction.

Antibiotics.

Treat hypoglycemia if present.

Gastroprotectants.

Correction of acid—base and electrolyte abnormalities.

Treat dysrhythmias.

Treat hypotension.

Drugs of Choice

Antibiotics: broad-spectrum antibiotics to cover both gram-negative and gram-positive
infections; choices include ampicillin (22 mg/kg IV every 6-8 hours) with enrofloxa-
cin (10 mg/kg IV every 24 hours in dogs, 5 mg/kg IV every 24 hours in cats), cefazolin
(22mg/kg IV every 8 hours) with enrofloxacin, Unasyn (22-30mg/kg IV every
8 hours).

® Gastroprotectants.
= Antiemetics.

e Dolasetron (0.6 mg/kg IV q24h)

* Ondansetron (1 mg/kg IV q8-12h)

* Maropitant (1 mg/kg IV q24h, 2mg/kg PO q24h)

* Metoclopramide (1-2 mg/kg per day IV CRI)
H, blockers.

e Famotidine 0.5-1mg/kg IV q12h

e Ranitidine 0.2-2mg/kg IV or PO q8-12h

e Cimetidine 5mg/kg IV q6-8h
Proton pump inhibitors.

e Omeprazole 0.5-1 mg/kg PO q12h

» Pantoprazole 1 mg/kg IV q24h

m Sucralfate (0.25-1g PO three times a day)
= Antiarrhythmic drugs.

e Lidocaine (2mg/kg IV bolus, then 50-100 pg/kg per minute IV CRI)
* Procainamide 6-10mg/kg IV loading dose over 1-2 minutes, then 20-40ng/kg min
IV CRI in 5% destrose in water; or 10-22 mg/kg PO q8h

m Dextrose (0.5 g/kg 25% dextrose 1V, followed by 2.5-5% dextrose CRI).
m Seizures.

» Diazepam (0.5-1mg/kg IV)

* Phenobarbital loading (16-20mg/kg 1V); dose may be divided into four or five
smaller doses and given every 30 minutes, provided that patient is rousable in
between doses

e Levetiracetam (mg/kg IV)

* Propofol (4—7mg/kg IV to effect, followed by 0.1-0.6 mg/kg per minute IV CRI)
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= Thrombocytopenia.
¢ Platelet concentrate available from commercial blood banks

Contraindications

Glucocorticoids

= Although glucocorticoids reportedly can stabilize cellular membranes, there has been no
documented benefit proven for their use in hyperthermic patients, and they are not rec-
ommended due to the risk of further decreasing mesenteric and renal perfusion.

Nonsteroidal Antiinflammatory Drugs

® NSAIDs of any form are contraindicated in heat stroke due to the risk of decreasing mesen-
teric and renal blood flow, and the risk of increasing GI ulceration. Dipyrone and flunixin
meglumine are specifically contraindicated. Patients with exertional and nonexertional
heat stroke are hyperthermic because of decreased ability to adequately dissipate heat. The
mechanism of elevated body temperature is much different from that of pyrogenic hyper-
thermia, in which some NSAIDs may be indicated, on a case-by-case basis.

Overcooling

® Overcooling should be avoided due to the risk of overshooting and causing iatrogenic
hypothermia. Hypothermia can induce shivering, which will increase the metabolic
demands of the body, and can cause temperature to further increase.

Surgical Considerations

= Emergency tracheostomy may be necessary in cases of airway obstruction.

COMMENTS

Client Education

Be aware of clinical signs.

Educate client how to appropriately cool overheated animals prior to transport.

An animal that has had prior episodes of heat stroke may be predisposed to additional
episodes of heat stroke, even at lower environmental temperatures.

Patient Monitoring

= Monitor patients very closely when attempting to cool them and for a minimum of
24 hours afterwards because hypothermia can occur.

® Monitor the patient closely for signs of adverse sequelae, including DIC, renal failure,
respiratory distress (ARDS, noncardiogenic pulmonary edema, aspiration pneumonia),
and other organ failure.
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Monitor closely for renal failure secondary to rhabdomyolysis and myoglobinuria.
Monitor parameters such as heart rate, respiratory rate and effort, blood pressure, pulse
oximetry and/or arterial blood gas, body temperature, ECG, coagulation status (platelet
count, PT, aPTT), BUN, creatinine, electrolytes, lactate, glucose, urinalysis to check for
renal tubular casts, urine output, PCV, and total protein.

Prevention/Avoidance

Educate clients to not confine animals to areas where they cannot escape heat (e.g., cars,
tied in yard without water or shelter/shade).

Exercise animals during the coolest parts of the day.

Acclimate the animal to short bursts of exercise or work before a longer training or work-
ing period.

Rest animals that are working or exercising every 30 minutes and provide access to shade
and water.

Animals that are obese, have brachycephalic airway disease, laryngeal disorders, or any
other predisposing factor should avoid exercise and remain in cool environments with
fans or air conditioning.

Possible Complications

Cardiac dysrhythmias
MODS

DIC

Cerebral edema

Coma

Seizures
Noncardiogenic pulmonary edema
ARDS

Acute renal failure
SIRS

Rhabdomyolysis
Hepatocellular damage
Bacterial translocation
Sepsis

GI ulceration
Respiratory arrest
Cardiac arrest

Death

Expected Course and Prognosis

Favorable if survive past 24 hours with no neurologic signs at time of presentation.
Prognosis less favorable if neurologic signs (i.e., coma or progressive decline in neurologic
status), hypothermic at time of initial presentation, persistent hypoglycemia, progressive
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worsening of azotemia, development of DIC or refractory hypotension, elevated total bili-
rubin, hypoproteinemia, respiratory difficulty or pulmonary edema, oliguria or anuria.

m Affected animals may have predisposition to other episodes of hyperthermia due to change
in the sensitivity of the hypothalamic thermoregulatory set point.

® Prognosis more guarded in animals that present with hypothermia after cooling or neuro-
logic signs (i.e., seizure, coma).

Synonyms

m Heat exhaustion, heat prostration, heat stroke, heat-induced illness

Abbreviations

ALT: alanine transaminase

aPTT:  activated partial thromboplastin time
ARDS: acute respiratory distress syndrome
AST: aspartate aminotransferase

BUN:  blood urea nitrogen

CBC: complete blood count

CK: creatine kinase

CRI: constant rate infusion

CT: computed tomography

DIC: disseminated intravascular coagulation
ECG:  electrocardiogram

FDP: fibrin degradation products

GIL: gastrointestinal

v: intramuscular

MODS: multiple organ dysfunction syndrome
MRI: magnetic resonance imaging

NSAID: nonsteroidal antiinflammatory drug
PCV/TS: packed cell volume/total solids

PO: by mouth (per os)

PT: prothrombin time

SIRS: systemic inflammatory response syndrome
SQ: subcutaneous

USG: urine specific gravity
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Hemoabdomen

] DEFINITION/OVERVIEW

® An accumulation of blood within the abdominal cavity.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Blunt trauma such as automobile injury or high-rise fall.

® Penetrating trauma such as dog bite wounds, gunshot wounds, stab wounds, impalement
by foreign object.

= Rupture of abdominal vessels secondary to gastric dilation and volvulus (GDV) or splenic
torsion.

® Rupture of tumor associated with abdominal organs (i.e., liver, spleen, kidney, or
adrenal).

m Coagulopathy, either congenital or acquired (i.e., anticoagulant rodenticide toxicity,
hepatic disease, hemophilia).

m Postsurgical complication (i.e., slipped ovarian ligatures).

Incidence/Prevalence

= Unknown; more common in dogs than in cats.

Systems Affected

m Cardiovascular: hypotension due to blood loss, cardiac dysrhythmias may occur second-
ary to hypoxia.

= Hemic/lymphatic/immune: anemia due to blood loss, may not be apparent until fluid
compartment shifts have occurred, often thrombocytopenia secondary to platelet
consumption.
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L SIGNALMENT /HISTORY

Golden Retriever, German Shepherd, Labrador Retriever, and other large-breed dogs have
a breed predilection for hemangiosarcoma.

Middle-aged to older dogs in general have increased incidence of hemoabdomen associ-
ated with neoplasia.

Intact free-roaming male dogs and outdoor cats have increased risk of traumatic
hemoabdomen.

®= Hemoabdomen due to neoplasia is rare in cats.
® Hemoabdomen in general can be seen in any age or breed.

Risk Factors/Causes

Free-roaming dogs and cats have increased risk for blunt and penetrating trauma that
result in hemoabdomen.

m Congenital or acquired coagulopathy.
® Exposure to anticoagulant rodenticides increases potential for acquired coagulopathy.
m Presence of abdominal mass, particularly spleen or liver associated, increases risk of

hemoabdomen.

Historical Findings

Weakness or ataxia

Waxing/waning lethargy with recurrent bleeding episodes

Acute collapse

Abdominal distension

Depression

Anorexia

Vomiting

Possible history of trauma, history of coagulopathy, or history of exposure to anticoagu-
lant rodenticides

Q CLINICAL FEATURES

Lethargy

Weakness

Pale mucous membranes

Abdominal distension with fluid wave
Tachycardia with weak peripheral pulses
Tachypnea

Possibly abdominal mass
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® Possibly external wounds if hemoabdomen is traumatic
® Ecchymosis, tire marks, or abrasions from trauma
m Possibly bleeding from other sites, petechiae, or ecchymosis with coagulopathy or trauma

(\(57 DIFFERENTIAL DIAGNOSIS

® Peritonitis: can be differentiated by the presence of large numbers of degenerate neutro-
phils and the presence of bacteria on cytologic examination of abdominal fluid.

= Hypovolemic shock: may coexist with hemoabdomen; hypovolemic shock due to other
causes of fluid and blood loss may not have concurrent abdominal effusion.

® Uroabdomen: abdominal fluid is generally serosanguineous rather than hemorrhagic with
uroabdomen. BUN equilibrates rapidly across the peritoneum, therefore creatinine and
potassium ratios relative to serum should be used for comparison and not BUN ratios.

® Splenic torsion: hemoabdomen may occur secondary to splenic torsion but is not present
in all cases. Best differentiated on basis of abdominal ultrasound.

= Immune-mediated hemolytic anemia: differentiated by the absence of abdominal fluid and
by evidence of immune-mediated red blood cell destruction on complete blood count (red
blood cell agglutination, spherocytosis).

E DIAGNOSTICS

= Complete blood count: anemia but only after enough time has elapsed for fluid shifts to
occur (several hours). With acute hemorrhage, patient may appear hypovolemic but not
be anemic.

® [ eukocytosis may be noted due to stress, neoplasia, or trauma. Thrombocytopenia may
be noted due to platelet consumption. Primary thrombocytopenia may rarely cause
hemoabdomen.

= Chemistry panel: hypoalbuminemia may occur secondary to blood loss.

® Coagulation panel: elevations in PT and/or PTT may indicate underlying congenital or
acquired coagulopathy or DIC occurring secondary to abdominal hemorrhage. In one
study 84% of dogs with nontraumatic hemoabdomen had a secondary coagulopathy.

®  Abdominal radiographs: generally not very rewarding as the presence of abdominal fluid
causes a generalized loss of detail although a mass effect may be seen with neoplasia.

= Abdominocentesis.

e Can be “blind” four quadrant or ultrasound guided. May reveal the presence of non-
clotting blood (or other fluid) within the abdominal cavity; positive abdominocente-
sis indicates that there is >5 ml/kg of blood within the abdominal cavity.

* Clotting of the blood indicates either rapid, ongoing hemorrhage or perforation of a
vessel or organ during the abdominocentesis procedure.

* PCV/TS of abdominal fluid: PCV of abdominal fluid will typically be greater than
that of peripheral blood if active bleeding is occurring.
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® Diagnostic peritoneal lavage (DPL).

* May be helpful if abdominocentesis is negative.

e Instill 10-22ml/kg of warm fluid into the abdomen using a large-bore, multiple
fenestrated over-the-needle catheter, distribute fluid by rotating or walking the
patient, then aspirate fluid back by routine abdominocentesis.

* PCV >5% is indicative of hemorrhage; serial hematocrits can be performed on DPL
fluid to assess for ongoing hemorrhage.

= Abdominal ultrasound.

* Very sensitive (96%) in detecting abdominal fluid.

e Useful for guiding abdominocentesis and evaluating for primary and metastatic
abdominal masses.

® Thoracic radiographs.

* Should be performed with any bleeding abdominal mass to evaluate for metasta-
sis and should be performed with blunt trauma to evaluate for concurrent thoracic
injury or diaphragmatic hernia.

Pathologic Findings

® Vary depending on the cause for hemoabdomen.

® QOther traumatic injuries may be present with blunt or penetrating trauma.

= With neoplasia, mass of liver, spleen, kidney or adrenal gland may be noted and possibly
evidence of metastatic disease.

= With coagulopathy, hemorrhage in other areas may be noted.

Histopathologic Findings

® Vary depending on underlying cause.

® With neoplasia, hemangiosarcoma of the spleen is the most common tumor causing
hemoabdomen but benign splenic hematoma, hepatocellular carcinoma, carcinomatosis,
and adrenal adenocarcinoma can also result in hemoabdomen.

0 THERAPEUTICS

® Treat hemorrhagic shock by administration of supplemental oxygen and intravenous fluids.

® Jsotonic crystalloids (lactated Ringer’s solution, Normosol-R, Plasmalyte-A) can be admin-
istered at shock dosages (up to 90 mI/kg in the dog and 40-55ml/kg in the cat).

® Fluid administration can be titrated to reach a systolic blood pressure of approximately
80-100 mmHg (small volume resuscitation).

m Synthetic colloids such as Hetastarch can be administered in 5 ml/kg incremental doses as
necessary to improve perfusion and blood pressure.

m Transfusion with packed red blood cells (11 mL/kg) should be utilized when a patient is
considered to be clinical for their anemia (e.g., tachycardic, hypoxemic, etc.) or bleeding
acutely enough to warrant transfusion anticipating future anemia-related issues.
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= If available, hemoglobin-based oxygen carriers (such as Oxyglobin 5-10mL/kg) can also
be utilized to treat hemorrhagic shock.
® Treat underlying primary or secondary coagulopathies.

e Fresh frozen plasma (10-15ml/kg) is used to restore clotting factors (factors II,
VII, 1X, X), albumin, and immunoglobulins, but does not contain factor VII or von
Willebrand’s factor.

* Vitamin K| should be administered with hepatopathy or vitamin K antagonist roden-
ticide toxicity.

® Control hemorrhage.

e External counterpressure can be applied by using towels secured with tape to wrap
the hindlimbs, pelvis, and abdomen, starting at the hind feet. Avoid excessive pres-
sure (bandage should be loose enough to fit your hand underneath) to avoid intes-
tinal ischemia and monitor for respiratory compromise. Leave bandage in place 2—4
hours then gradually remove over 8-12 hours. This counterpressure is often not
successful, but can provide some tamponade effect.

® Surgery on an emergency basis is indicated with bleeding abdominal masses and penetrat-
ing abdominal wounds.

* Surgery is indicated with blunt trauma if the patient is not responding to fluid resus-
citation, the abdominal PCV is rising, and there is progressive abdominal distension
despite appropriate resuscitative measures.

» Abdominal exploratory is rarely required in cases of traumatically induced hemoab-
domen though would be recommended for unstable patients that cannot be stabi-
lized and patients who experience prolonged and persistent hemorrhaging.

 Surgery is contraindicated in patients with primary coagulopathy.

= Control pain from trauma or surgery using:

 fentanyl IV CRI (2-5—g/kg/h)

e hydromorphone (0.05-0.2 mg/kg IV, IM or SQ q4-6h)

e buprenorphine (0.01-0.02 mg/kg IV q4-6h)

* morphine (0.05-0.2mg/kg/h IV CRI or 0.25-2 mg/kg IM or SQ q4—6h, 0.2-0.5mg/kg
IV slowly to prevent histamine release q4h).

® Prevent infection in the case of penetrating abdominal wounds.

e Clean and bandage the wounds.

* Administer antibiotics (cefazolin 22mg/kg IV q6-8h for gram-positive coverage,
enrofloxacin (dogs 10-15mg/kg, cats 5mg/kg) IV q24h for gram-negative coverage).

e With gastrointestinal visceral or bite wounds, the antibiotic spectrum should be
expanded to include anaerobic organisms using cefoxitin (30 mg/kg IV q6-8h),
ampicillin/sulbactam (30-50 mg/kg IV q8h), or a combination of ampicillin (22 mg/kg
IV q6-8h) with enrofloxacin (dogs 10-15 mg/kg IV, cats 5mg/kg IV q24h).

Precautions/Interactions

® Avoid aspirin and other nonsteroidal antiinflammatory medications that decrease platelet
function and can affect the kidneys during a period of decreased renal perfusion during
hypovolemia.
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Hypertension should be avoided, as this can lead to disruption of clot formation and
increased hemorrhage. Generally, resuscitation to low normal blood pressure (between
80 and 100 mmHg systolic) is considered optimal in order to maintain organ and tissue
perfusion but avoid exacerbation of bleeding.

Activity

Usually limited in order to allow recovery from abdominal surgery or to prevent further
bleeding in cases of coagulopathy.

Surgical Considerations

Emergency surgery is recommended for patients with bleeding abdominal masses and
penetrating abdominal wounds.

Surgery is indicated in blunt trauma patients who are not responding to fluid resuscitation
or with rising abdominal PCV and progressive abdominal distension.

These patients are often hemodynamically unstable and fluctuations in blood pressure and
heart rate may complicate anesthesia.

COMMENTS

Client Education

Client should be informed of cost and prognosis associated with treatment based on
underlying causes for hemoabdomen.

For spontaneous hemoabdomen, clients should be made aware that about 70% of cases are
from malignant neoplasia and about 70% of those are from hemangiosarcoma. A discus-
sion about hemangiosarcoma and its prognosis is required.

Patient Monitoring

Assess blood pressure frequently (every 5 minutes) until patient is stable then gradually
less often after the patient stabilizes.

Electrocardiogram is recommended continuously for the first 24 hours in patients with
abdominal or thoracic trauma or who have undergone splenectomy.

PCV/TS should be monitored every 4-6 hours initially based on concern for ongoing
hemorrhage.

Coagulation panel is needed, particularly in patients with existing coagulopathy (either
primary or secondary).

Prevention/Avoidance

Abdominal masses cannot be prevented but surgical removal as soon as they are identified
can prevent onset of bleeding.
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= Avoid allowing pets to roam free, which increases the potential for trauma and access to
anticoagulant rodenticides.

Possible Complications

Hemorrhage

Cardiac dysrhythmias
DIC

Abdominal dehiscence
Surgical site infection

Expected Course and Prognosis

® Varies depending on underlying cause of hemoabdomen and on presence of coexisting
injuries in cases of trauma.
® Prognosis in general is guarded to good. In one study, splenic source of hemorrhage
and surgical intervention for spontaneous hemoperitoneum were positive prognostic
factors.
m Patients with hemoabdomen that are anemic and have a splenic mass have about a 70%
likelihood of malignant neoplasia, with about 70% of those being hemangiosarcoma (i.e.,
about 50% likelihood of hemangiosarcoma).
With hemangiosarcoma, microscopic metastasis has typically occurred prior to the

time of presentation.

Median survival times of 3—4 months with surgery and 9 months with adjunctive

chemotherapy have been reported.

Common sites for metastasis include the liver and right atrium.

Synonyms

® Hemoperitoneum

Abbreviations

BUN:
CRI:
DIC:
DPL:
IM:
1V:

blood urea nitrogen

constant rate infusion

disseminated intravascular coagulation
diagnostic peritoneal lavage
intramuscular

intravenous

PCV/TS: packed cell volume/total solids

PT:
PTT:
RBC:
SQ:

prothrombin time
partial thromboplastin time

red blood cell
subcutaneous
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Hepatic Encephalopathy

DEFINITION /OVERVIEW

= Multifactorial neurologic syndrome that occurs when hepatic dysfunction (>70% function
loss) causes systemic biochemical alterations that induce disruptions of cerebral metabolism.

[~ ETIOLOGY/PATHOPHYSIOLOGY

® Clinical and biochemical abnormalities associated with this syndrome cannot be suffi-
ciently explained by any single hepatic or cerebral metabolic defect.
Most frequently reported cause in dogs is portosystemic vascular anomalies.
Three types have been categorized.
» Type A: associated with acute hepatic failure.
e Type B: associated with portosystemic vascular anomaly without intrinsic hepatic
failure.
* Type C: associated with marked hepatic parenchymal disease and portal hypertension.
m Several theories have been proposed.
* Hyperammonemia.

O Ammonia-rich blood bypasses hepatic parenchyma in the presence of an extra-
hepatic portosystemic vascular anomaly.

O Glutamate in astrocytes is converted to glutamine in the presence of ammonia;
glutamine formation is increased, but secretion is impaired in hyperammone-
mic states, thus inducing cellular swelling and neuronal edema.

O Glutamine in mitochondria is converted by glutaminase into glutamate and
ammonia, inducing reactive oxygen and nitrogen species formation.

* Inflammation: proinflammatory cytokines alter astrocyte glutamate uptake, expres-
sion of gamma-aminobutyric acid (GABA) receptors, and blood-brain permeability.

e Glutamate transmission defect: hyperammonemia reduces glutamate uptake by
astrocytes secondary to downregulation of glutamate transporter GLT-1.

* GABA agonist elevations: liver dysfunction is associated with reduced GABA clear-
ance, and type A hepatic encephalopathy is associated with a hyperpermeable
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blood-brain barrier. Subsequently, cerebral GABA levels increase to inhibit neuro-
transmission through hyperpolarization of neuronal membranes.
Benzodiazepine-like substances elevations.

O Benzodiazepine-like substances may come from vegetables or certain medica-
tions and may be produced by the intestinal microbiota.

O The number of astrocyte-associated benzodiazepine receptors is increased in
hepatic encephalopathy; these receptors are involved with the formation of tet-
rahydroprogesterone and tetrahydrodeoxycorticosterone (both potent GABA
receptor agonists).

Serotonergic system defect: elevated levels of serotonin, its receptor, and monoamine
oxidases have been documented in patients with hepatic encephalopathy.

Amino acid metabolism alteration: plasma concentrations of aromatic amino acids
(AAA) increase due to reduced hepatic extraction, and elevated AAA levels over-
whelm normal AAA metabolic pathways; use of alternative metabolic pathways
results in the formation of octopamine and phenylethanolamine, both false neu-
rotransmitters that block normal catecholamine activation.

Manganese toxicity: elevated cerebral manganese levels have been associated with
altered cerebral metabolism, reduced glutamate uptake by astrocytes, and modified
glutamatergic and dopaminergic neurotransmission.

Neurotransmitter alterations.

O Taurine levels have been directly correlated with the severity of hepatic
encephalopathy.

O Intestinal microbiota produce multiple neurotransmitters that have been impli-
cated in hepatic encephalopathy.

Systems Affected

Musculoskeletal: muscle weakness, tremors.

Nervous: depression, ataxia, obtundation, head pressing, altered conscious propriocep-

tion, circling.

]

Gastrointestinal: weight loss, anorexia, vomiting, diarrhea, ptyalism.
Renal/urologic: polyuria/polydipsia.

Cardiovascular: bradycardia, hypertension.

Respiratory: irregular respiratory patterns.

Ophthalmic: cortical blindness, pupillary abnormalities.

SIGNALMENT/HISTORY

® No breed, sex or age predilection for hepatic encephalopathy; however there are predilections
for specific diseases associated with this syndrome.

m Patients with congenital portosystemic vascular anomalies typically show clinical signs
within 12 months of life, but these anomalies should still be considered in older patients.
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m Extrahepatic portosystemic vascular anomalies commonly occur in small/toy breed dogs
and cats.
Intrahepatic portosystemic vascular anomalies are typically documented in large breed dogs.
Patients with acquired hepatic diseases commonly manifest clinical signs when greater
than 1 year of age.

Risk Factors

® Excessive protein ingestion.

® Medical conditions.
Gastrointestinal hemorrhage
Constipation

Electrolyte derangements
Hypoglycemia

Alkalemia

Dehydration

Kidney disease

Infection

® Liver-metabolized drugs.

Historical Findings

Subtle signs include mild irritability, hyporexia, and marginal confusion.
Patients with extrahepatic portosystemic vascular anomalies are often the runts of their
litters, have retained deciduous teeth and/or open fontantelles; a higher prevalence of
cryptorchidism is reported in affected males.

= Polyuria/polydipsia, inappropriate urination, and/or difficulty house training may be reported.

Q

CLINICAL FEATURES

m (Clinical signs are divided into two groups: signs associated with hepatic failure and signs
referable to the CNS.

* Hepatic failure signs are nonspecific: anorexia/hyporexia, nausea, diarrhea, depres-

sion, weight loss, lethargy, and/or polyuria/polydipsia.

e CNS signs: behavioral changes, aggression, compulsive behaviors, head pressing,

tremors, vocalization, blindness, deafness, stupor, seizures and coma. CNS signs are

divided into four stages; patients commonly fluctuate episodically between stages.

O
O

O

Stage I: confusion, hyporexia, dull mentation or irritability, but may appear normal.
Stage II: dull mentation, cortical blindness, ptyalism, lethargy, ataxia, personality
changes.

Stage III: stupor, confusion, marked ptyalism (cats), seizure activity, copper-
colored irises (cats), occasional aggression.

Stage IV: recumbency, coma that may rapidly lead to death.
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(y DIFFERENTIAL DIAGNOSIS

® [ntracranial.
e Brain neoplasia
* Seizure disorder
» Encephalitis (bacterial, viral, fungal, protozoal)
* Meningitis (bacterial, viral, fungal, protozoal)
* Hemorrhage
e Ischemic events
* Congenital malformations
m Extracranial.
 Intoxications (e.g., lead)
e Uremia
e Sepsis
* Hypoglycemia
* Ketoacidosis
e Hypercapnia
* Hypothiaminemia (cats)
* Hypocobalaminemia (dogs)
e Thyroid dysfunction

E DIAGNOSTICS

m Complete blood count: macrocytosis, anemia, and changes in red blood cell morphology
(acanthocytosis, poikilocytosis, target cells).

® Serum biochemical profile.

» Hepatocellular and cholestatic liver enzyme elevations.
 Indirect evidence of liver dysfunction includes hypoalbuminemia, hypoglycemia,
decreased blood urea nitrogen, hypocholesterolemia, and hyperbilirubinemia.

® Urinalysis.

* Minimal urine specific gravity (1.015-1.030) or isosthenuria (1.008-1.015).
¢ Ammonium urate crystalluria .
e Bilirubinuria; proteinuria, hematuria, and pyuria also occasionally reported.

m Serum bile acids: pre- and/or postprandial levels elevated.

® Blood ammonia level: increased level in some patients with hepatic encephalopathy.

m Coagulation testing: prolonged prothrombin (PT) and activated partial thromboplastin
(aPTT) time, as well as changes consistent with a hypocoagulable state via thromboelas-
trography.

= Diagnostic imaging.

* Microhepatica via radiography in patients with extrahepatic portosystemic vascular
anomalies.
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* Sonography may identify vascular anomalies, hepatomegaly, hepatobiliary neoplasia,
biliary mineralization, peritoneal effusions, hepatic parenchymal changes, spleno-
megaly, and intraperitoneal lymphadenomegaly.

* Advanced brain imaging can help confirm hepatic encephalopathy and rule out
other diseases.

= Blood manganese level: increased in some patients with hepatic encephalopathy.

Pathologic Findings

® Liver sampling to confirm primary or secondary hepatic inflammatory, infectious and/or
neoplastic processes.

P\ THERAPEUTICS

® The three goals of the management are to:
* reduce the incidence of predisposing factors
¢ alleviate neurologic signs
e determine the primary underlying hepatic disease.

Drugs of Choice

= Acute.

* Reduce cerebral edema: mannitol (0.5-1.5 g/kg IV over 10-20 min). Induces osmotic
fluid shift, reduces cerebrospinal fluid production, decreases blood viscosity, and
serves as a free radical scavenger.

* Anticonvulsants: levetiracetam (20 mg/kg IV q8h).

®  Chronic.

* Nonabsorbable disaccharides: lactulose (1-3ml/kg PO q6-8h; dose adjusted so
patient produces 2-3 soft bowel movements per day).

O May be administered per rectum in those with incomplete swallowing reflex
(5-10mL/kg cleansing warm water enema followed by 5-10mL lactulose
diluted 1:3 g8h).

O Bacteria produce various acids (acetic, butyric, propionic, and lactic) to form
an acidic environment that promotes conversion of ammonia to ammonium,
the latter being subsequently eliminated in feces.

O Induces osmotic diarrhea that increases colonic motility and reduces ammonia-
producing microbiota.

 Antibiotics: neomycin (20 mg/kg PO q6—12h), metronidazole (7.5mg/kg PO q12h),
Clavamox (13.75mg