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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.



4

SMALL ANIMAL EMERGENCY AND CRITICAL CARE

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

OUuU: 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.

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

Companion website: www.fiveminutevet.com/emergency
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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.



