SAUNDERS

ELSEVIER

11830 Westline Industrial Drive
St. Louis, Missouri 63146

KIRK AND BISTNER’S HANDBOOK OF VETERINARY ISBN-13: 978-0-721-60138-0
PROCEDURES AND EMERGENCY TREATMENT ISBN-10: 0-7216-0138-3
Copyright © 2006, Elsevier Inc.

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by
any means, electronic or mechanical, including photocopying, recording, or any information storage
and retrieval system, without permission in writing from the publisher.

Permissions may be sought directly from Elsevier’s Health Sciences Rights Department in Philadelphia,
PA, USA: phone: (+1) 215 239 3804, fax: (+1) 215 239 3805, e-mail: healthpermissions@elsevier.com.

You may also complete your request on-line via the Elsevier homepage (http://www.elsevier.com), by
selecting ‘Customer Support’ and then ‘Obtaining Permissions’

Notice

Knowledge and best practice in this field are constantly changing. As new research and experience
broaden our knowledge, changes in practice, treatment and drug therapy may become necessary
or appropriate. Readers are advised to check the most current information provided (i) on
procedures featured or (ii) by the manufacturer of each product to be administered, to verify the
recommended dose or formula, the method and duration of administration, and contraindications.
It is the responsibility of the practitioner, relying on their own experience and knowledge of the
patient, to make diagnoses, to determine dosages and the best treatment for each individual
patient, and to take all appropriate safety precautions. To the fullest extent of the law, neither the
Publisher nor the Authors assumes any liability for any injury and/or damage to persons or
property arising out or related to any use of the material contained in this book.

The Publisher

Previous editions copyrighted 2000, 1995, 1990, 1985, 1981, 1975, 1969

ISBN-13: 978-0-721-60138-0
ISBN-10: 0-7216-0138-3

Publishing Director: Linda Duncan

Editor: Anthony J. Winkel

Associate Developmental Editor: Heather Fogt
Publishing Services Manager: Melissa Lastarria
Project Manager: Rich Barber

Design Manager: Bill Drone

Working together to grow

libraries in developing countries
Printed in the United States www.elsevier.com | www.bookaid.org | www.sabre.org

s . r BOOKAID Q.1 I .
Last digit is the print number: 9 8 7 6 5 4 3 2 1 RS re I U SUACCIC)



In veterinary medicine, there are perhaps no individuals more worthy of
recognition than the veterinarians and veterinary technicians who have committed
time and effort to sustaining the health of companion animal patients. With
advances in disease prevention, diagnostic testing, treatment protocols, and critical
care continuing to increase exponentially, the challenge for all of us is to maintain
currency in the practice of small animal medicine and surgery. The 8th edition of
Kirk and Bistner’s Handbook of Veterinary Procedures and Emergency Treatment
is therefore dedicated to all who strive to bring the very best care to the patients we
are entitled to treat.

No dedication would be complete without recognizing the sustaining contributions
that Drs. Bob Kirk and Steve Bistner have made to veterinary medicine. The first
edition of this text, published in 1969, and the seven editions that follow, are
remarkable testimony to all that these two individuals have given our profession.
We have all benefited from their work. It has been my distinct honor to have worked
with you both!

Richard B. Ford

Thanks, Mom, for not making me put down the ants. Your constant guidance,
motivation, and support have allowed me to become the person I am today.
Love, Elisa

Elisa M. Mazzaferro



Preface

In the Preface to the first edition of the Handbook of Veterinary Procedures and Emergency
Treatment, published in 1969, Dr. Kirk and Dr. Bistner described the format of that book
as being divided into six sections, “each emphasizing a facet of early examination, clinical
methods, or emergency care.”

Today, 37 years later, those original objectives remain unchanged. What has changed,
however, are the numerous advances in clinical diagnostic and therapeutic capabilities in
companion animal medicine. It’s the volume of new information, combined with the level
of expectation of our clientele today, which presents the most demanding challenges in
producing the eighth edition of what has become known as the “Emergency Handbook.”

WHAT’S INSIDE

Neither the original format of the book nor the objectives have changed. The content
and utility of the book, however, are significantly different. Section 1, Emergency Care, is
completely updated and reorganized to facilitate rapid access to diagnostic and treatment
recommendations for emergency and critical care patients. Included are major subsec-
tions on Prehospital Management, Initial Emergency Triage and Management, Emergency
Procedures, and the expanded Emergency Management of Specific Conditions. A QUICK
REFERENCE Index has been added to enhance rapid access to any of the 170+ emergency
and critical care topics in this section. New to this edition is a special subsection on Pain
contributed by three of the leading authors on pain diagnosis and management.

Sections 2 through 5 focus on patient evaluation, problem assessment, and diagnostics.
Each of these four sections addresses specific aspects of the patient’s clinical presentation.
Section 2 focuses on the initial examination and has been expanded to include templates
for medical record entries and plans for advanced diagnostics. Section 3 is a problem-based
approach to differential diagnoses and is redesigned such that the patient’s problem is
represented from the client’s perspective—the same way problems are presented in clinical
practice.

Section 4 has been revised to specifically address both routine and advanced diagnostic,
as well as therapeutic, procedures. Advanced procedures are now presented in an organ-
system format to enhance access to current diagnostic procedures that may be needed
when evaluating complex cases.

Section 5, now entitled Laboratory Diagnosis and Test Protocols, has been completely
rewritten. Considerable effort has gone into developing a reference section on laboratory
testing that will have immediate application in the clinical setting. The majority of this
section is a succinct, highly structured reference for performing routine and advanced
diagnostic testing in cats and dogs. Each test represented includes information on patient
preparation, the test protocol, type of sample to collect versus type of sample to submit,
interpretation of test results, and more. We have not found any other reference in the
veterinary literature that is comparable to this section.

The most noteworthy addition to Section 6, Charts and Tables, is Table 6-26, Common
Drug Indications and Dosages, completely updated and expanded to include not only drug
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names (generic and proprietary) and dosages, but also specific conditions for which admin-
istration is indicated. For drugs having two or more indications, dosages for each indica-
tion are called out. Additionally, drugs most likely to be used in the management of critical
and emergency patients are called out specifically with an eye-catching icon.

The eighth edition of the Handbook of Veterinary Procedures and Emergency Treatment
represents the most comprehensive update in several years. True to the purpose of the first
edition of this book, it has been designed to support the day-to-day clinical decision-
making challenges faced by practicing veterinarians.

Richard B. Ford
Elisa M. Mazzaferro
2006
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PREHOSPITAL MANAGEMENT OF THE INJURED ANIMAL

SURVEY OF THE SCENE

1. CALL FOR HELP! At the accident scene, it usually takes more than one person to
assist the animal and prevent injury to the animal and human bystanders.

2. If an accident has occurred in a traffic zone, alert oncoming traffic of the injured
animal in the road. Make sure you have a piece of clothing or other object to alert
oncoming traffic. Do not become injured yourself because oncoming traffic cannot
see or identify you.

3. If the animal is conscious, prevent yourself from becoming injured while moving the
animal to a safe location. Use a belt, rope, or piece of long cloth to make a muzzle to
secure around the animal’s mouth and head. If this is not possible, cover the animal’s
head with a towel, blanket, or coat before moving it.

4. If the animal is unconscious or is unconscious and immobile, move it to a safe

location with a back support device that can be made from a box, door, flat board,
blanket, or sheet.

INITIAL EXAMINATION

1.

Is there a patent airway? If airway noises are present or the animal is stuporous, gently
and carefully extend the head and neck. If possible, extend the tongue. Wipe mucus,
blood, or vomitus from the mouth. In unconscious animals, maintain head and neck
stability.

. Look for signs of breathing. If there is no evidence of breathing or the gum color is

blue, begin mouth-to-nose breathing. Encircle the muzzle area with your hands to
pinch down on the gums, and blow into the nose 15 to 20 times per minute.

. Is there evidence of cardiac function? Check for a palpable pulse on the hind legs or

for an apex beat over the sternum. If no signs of cardiac function are found, begin
external cardiac compressions at 80 to 120 times per minute.

. Is there any hemorrhage? Use a clean cloth, towel, paper towel, or disposable diaper or

feminine hygiene product to cover the wound. Apply firm pressure to slow
hemorrhage and prevent further blood loss. Do not use a tourniquet because this can
cause further damage. Apply pressure, and as blood seeps through the first layer of
bandage material, place a second layer over the top.

. Cover any external wounds. Use a clean bandage material soaked in warm water, and

transport the animal to the nearest veterinary emergency facility. Address penetrating
wounds to the abdomen and thorax immediately.

. Are there any obvious fractures present? Immobilize fractures with homemade splints

made of newspaper, broom handles, or sticks. Muzzle the awake animal before
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attempting to place any splints. If a splint cannot be attached safely, place the animal
on a towel or blanket and transport the animal to the nearest veterinary emergency
facility.

7. Are there any burns? Place wet, cool towels over the burned area and remove as the
compress warms to body temperature.

8. Wrap the patient to conserve heat. If the animal is shivering or in shock, wrap it in a
blanket, towel, or coat and transport it to the nearest veterinary emergency facility.

9. Is the animal suffering from heat-induced illness (heat stroke)? Cool the animal with
room-temperature wet towels (NOT COLD) and transport it to the nearest veterinary
emergency facility.

PREPARATION FOR TRANSPORT

1. Call ahead! Let the facility know that you are coming. Be prepared by having
emergency numbers and locations available. The police or sheriff’s department may be
able to aid in locating the nearest veterinary emergency facility.

2. Line upholstery with plastic bags or sheeting to prevent soilage, when possible.

3. Move the injured patient carefully. Use the same approach as moving the animal from
the pavement.

4. DRIVE SAFELY. Do not turn one accident into two. Ideally, have a bystander or friend
or family member drive while another person stays in the backseat with the animal.

INITIAL EMERGENCY EXAMINATION, MANAGEMENT,
AND TRIAGE

Examination of the acutely injured animal that is unconscious, in shock, or suffering from
acute hemorrhage or respiratory distress must proceed simultaneously with immediate
aggressive lifesaving treatment. Because there often is no time for detailed history taking,
diagnosis is largely based on the physical examination findings and simple diagnostic tests.
Triage is the art and practice of being able to assess patients rapidly and sort them accord-
ing to the urgency of treatment required. Immediate recognition and prompt treatment
potentially can be lifesaving.

PRIMARY SURVEY AND EMERGENCY RESUSCITATION MEASURES

Perform a brief but thorough systematic examination of the animal, noting the most
important ABCs of any emergent patient.

A = AIRWAY

Is the airway patent? Pull the patient’s tongue forward and remove any debris obstructing
the airway. Suction and a laryngoscope may be necessary. If necessary, intubate or place a
transtracheal oxygen source. An emergency tracheostomy may be necessary if upper airway
obstruction is present and cannot be resolved immediately with the foregoing measures.

B = BREATHING

Is the animal breathing? If the animal is not breathing, immediately intubate the animal
and start artificial ventilations with a supplemental oxygen source (see Cardiac Arrest and
Cardioplumonary Cerebral Resuscitation).

If the animal is breathing, what is the respiratory rate and pattern? Is the respiratory rate
normal, increased, or decreased? Is the respiratory pattern normal, or is the breathing rapid
and shallow, or slow and deep with inspiratory distress? Are the respiratory noises normal,
or is there a high-pitched stridor on inspiration characteristic of an upper airway obstruc-
tion? Does the animal have its head extended and elbows abducted away from the body
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with orthopnea? Do the commissures of the mouth move with inhalation and exhalation?
Is there evidence of expiratory distress with an abdominal push upon exhalation? Note the
lateral chest wall. Do the ribs move out and in with inhalation and exhalation, or is there
paradoxical chest wall motion in an area that moves in during inhalation and out during
exhalation, suggestive of a flail chest? Is there any subcutaneous emphysema that suggests
airway injury?

Auscultate the thorax bilaterally. Are the breath sounds normal? Do they sound harsh
with crackles because of pneumonia, pulmonary edema, or pulmonary contusions? Are the
lung sounds muffled because of pleural effusion or pneumothorax? Are there inspiratory
wheezes in a cat with bronchitis (asthma)? What is the mucous membrane color? Is it pink
and normal, or is it pale or cyanotic? Palpate the neck, lateral thorax and dorsal cervical
region to check for tracheal displacement, subcutaneous emphysema, or rib factures.

C = CIRCULATION

What is the circulatory status? What is the patient’s heart rate and rhythm? Can you hear
the heart, or is it muffled because of hypovolemia, pleural or pericardial effusion, pneu-
mothorax, or diaphragmatic hernia? Palpate the pulses. Is the pulse quality strong and
regular and synchronous with each heartbeat, or are there thready, dropped pulses? What
are the patient’s electrocardiogram (ECG) rhythm and blood pressure?

Is there arterial hemorrhage? Note whether there is any bleeding present. Use caution if
there is any blood on the fur. Wear gloves. The blood may be from the patient, and gloves
will help prevent further contamination of any wounds; or the blood may be from a good
Samaritan bystander. If external wounds are present, note their character and condition.
Place a pressure bandage on any arterial bleeding or external wounds to prevent further
hemorrhage or contamination with nosocomial organisms.

Establish large-bore vascular or intraosseous access (See VASCULAR ACCESS
TECHNIQUES). If hypovolemic or hemorrhagic shock is present, institute immediate
fluid resuscitation measures. Start with one fourth of a calculated shock dose of crystalloid
fluids (0.25 x [90 mL/kg/hour for dogs]; 0.25 X [44 mL/kg/hour for cats]), and reassess
perfusion parameters of heart rate, capillary refill time, and blood pressure. If pulmonary
contusions are suspected, use of a colloid such as hetastarch at 5 mL/kg in incremental
boluses can improve perfusion with a smaller volume of fluid. In cases of head trauma,
hypertonic (7%) sodium chloride (saline) can be administered (4 mL/kg IV bolus) with
hetastarch or Dextran-70 (10 mL/kg). Acute abdominal hemorrhage caused by trauma can
be tamponaded with an abdominal compression bandage.

After the immediate ABCs, proceed then with the rest of the physical examination and
treatment by using the mnemonic A CRASH PLAN.

A = AIRwAy
C AND R = CARDIOVASCULAR AND RESPIRATORY
A = ABDOMEN

Palpate the patient’s abdomen. Is there any pain or are there any penetrating injuries pres-
ent? Look at the patient’s umbilicus. Reddening around the umbilicus can suggest intraab-
dominal hemorrhage. Is there a fluid wave or mass palpable? Examine the inguinal, caudal,
thoracic, and paralumbar regions. Clip the fur to examine the patient for bruising or pene-
trating wounds. Percuss and auscultate the abdomen for borborygmi.

S = SpINE
Palpate the animal’s spine for symmetry. Is there any pain or obvious swelling or fracture
present? Perform a neurologic examination from C1 to the last caudal vertebra.

H = Heap

Examine the eyes, ears, mouth, teeth, nose, and all cranial nerves. Stain the eyes with fluo-
rescence dye to examine for corneal ulcers in any case of head trauma. Is there anisocoria
or Horner syndrome present?
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P = PELvis

Perform a rectal examination. Palpate for fractures or hemorrhage. Examine the perineal
and rectal areas. Examine the external genitalia.

L = Limes

Examine the pectoral and pelvic extremities. Are there any obvious open or closed fractures?
Quickly splint the limbs to prevent further damage and help control pain. Examine the
skin, muscles, and tendons.

A = ARTERIES

Palpate the peripheral arteries for pulses. Use a Doppler piezoelectric crystal to aid in find-
ing a pulse if thromboembolic disease is present. Measure the patient’s blood pressure.

N = NERVES

From afar, note the level of consciousness, behavior, and posture. Note respiratory rate,
pattern, and effort. Is the patient conscious, or is the patient obtunded or comatose? Are the
pupils symmetric and responsive to light, or is there anisocoria present? Does the patient
display any abnormal postures such as Schiff-Sherington (extended rigid forelimbs, flaccid
paralysis of the hind limbs) that may signify severe spinal shock or a severed spinal cord?
Examine the peripheral nerves for motor and sensory input and output to the limbs and tail.

ANCILLARY DIAGNOSTIC EVALUATION

Hemodynamic techniques: Perform electrocardiography, direct or indirect blood
pressure monitoring, and pulse oximetry in any critically ill traumatized patient.

Imaging techniques: Obtain radiographs of the thorax and abdomen in any animal that
has sustained a traumatic injury once the patient is more stable and can tolerate
positioning for the procedures. Survey radiographs may reveal pneumothorax,
pulmonary contusions, diaphragmatic hernia, pleural or abdominal effusion, or
pneumoperitoneum.

Laboratory testing: Immediate diagnostic testing should include a hematocrit, total
solids, glucose, blood urea nitrogen (BUN)/azostick, and urine specific gravity.
Ancillary diagnostic tests that can be performed soon thereafter include a complete
blood count and peripheral blood smear to evaluate platelet count and red and white
blood cell morphology. Also consider arterial blood gas and electrolytes, coagulation
parameters (activated clotting time [ACT], prothrombin time [PT], activated partial
thromboplastin time [APTT]), serum biochemistry profile, serum lactate, and
urinalysis.

Invasive testing: Invasive diagnostic techniques that may need to be performed include
thoracocentesis, abdominal paracentesis, and diagnostic peritoneal lavage.

SUMMARY OF PATIENT STATUS

After completing the initial physical examination, answer the following questions: What
supportive care is required at this time? Are additional diagnostic procedures needed? If so,
which procedures, and is the patient stable enough to tolerate those procedures without
further stress? Should an additional period of observation be instituted before further
definitive treatment plans are undertaken? Is immediate surgical intervention necessary? Is
additional supportive care required before surgery? What anesthetic risks are evident?

THE RAPIDLY DECOMPENSATING PATIENT

Animals that do not respond to initial resuscitation usually have severe ongoing or preex-
isting physiologic disturbances that contribute to severe cardiovascular and metabolic
instability. A patient that does not respond to or responds to and then stops responding to
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BOX 1-1 CLINICAL SIGNS OF DECOMPENSATION

Weak or poor peripheral pulse quality

Cool peripheral extremities

Cyanosis or muddy-colored (gray) mucous membranes
Pale mucous membranes

Prolonged capillary refill time

Increased or decreased body temperature

Decreased renal output in a euvolemic patient
Inappropriate mentation or confusion

Depression

Tachycardia or bradycardia

Declining hematocrit

Distended, painful abdomen

Cardiac dysrhythmia

Abnormal respiratory pattern

Respiratory difficulty or distress

Gastrointestinal blood loss via hematemesis or in feces

BOX 1-2 CAUSES OF ACUTE DECOMPENSATION

Acute renal failure

Acute respiratory distress syndrome

Bowel and gastric rupture

Cardiac dysrhythmia

Central nervous system edema and hemorrhage, and brainstem herniation
Coagulopathies including disseminated intravascular coagulation
Internal hemorrhage

Multiple organ dysfunction syndrome

Pneumothorax

Pulmonary contusions

Pulmonary thromboembolism

Sepsis or septic shock

Systemic inflammatory response syndrome

Urinary bladder rupture

initial resuscitation efforts should alert the clinician that decompensation is occurring
(Boxes 1-1 and 1-2).

Additional Reading

Ettinger SJ, Feldman EC, editors: Critical care. In Textbook of veterinary internal medicine, ed 6,
St Louis, 2005, Elsevier-Saunders.

Mathews KA: Veterinary emergency and critical care manual, Guelph, Ontario, Canada, 1996,
Lifelearn.

Wingfield WE: Decision making in veterinary emergency medicine. In Wingfield WE, editor:
Veterinary emergency secrets, ed 2, Philadelphia, 2001, Hanley & Belfus.

Wingfield WE: Treatment priorities in trauma. In Wingfield WE, editor: Veterinary emergency
secrets, ed 2, Philadelphia, 2001, Hanley & Belfus.

EMERGENCY DIAGNOSTIC AND THERAPEUTIC
PROCEDURES

ABDOMINAL PARACENTESIS AND DIAGNOSTIC PERITONEAL LAVAGE

Abdominocentesis (abdominal paracentesis) refers to puncture into the peritoneal cavity
for the purpose of fluid collection. Abdominal paracentesis is a sensitive technique for fluid
collection as long as more than 6 mL/kg of fluid is present within the abdominal cavity.



In the event that you suspect peritonitis and have a negative tap with abdominal paracen-
tesis, a diagnostic peritoneal lavage can be performed.

1.

2.
3.
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To perform abdominal paracentesis, follow this procedure:

Place the patient in left lateral recumbency and clip a 4- to 6-inch square with the
umbilicus in the center.

Aseptically scrub the clipped area with antimicrobial scrub solution.

Wearing gloves, insert a 22- or 20-gauge needle or over-the-needle catheter in four
quadrants: cranial and to the right, cranial and to the left, caudal and to the right, and
caudal and to the left of the umbilicus. As you insert the needle or catheter, gently
twist the needle to push any abdominal organs away from the tip of the needle. Local
anesthesia typically is not required for this procedure, although a light sedative or
analgesic may be necessary if severe abdominal pain is present. In some cases, fluid
will flow freely from one or more of the needles. If not, gently aspirate with a 3- to
6-mL syringe or aspirate with the patient in a standing position. Avoid changing
positions with needles in place because iatrogenic puncture of intraabdominal organs
may occur.

. Save any fluid collected in sterile red- and lavender-topped tubes for cytologic and

biochemical analyses and bacterial culture. Monitor hemorrhagic fluid carefully for
the presence of clots. Normally, hemorrhagic effusions rapidly become defibrinated
and do not clot. Clot formation can occur in the presence of ongoing active
hemorrhage or may be due to the iatrogenic puncture of organs such as the spleen

or liver.

If abdominal paracentesis is negative, a diagnostic peritoneal lavage can be performed.

Peritoneal dialysis kits are commercially available but are fairly expensive and often
impractical.

1.

To perform a diagnostic peritoneal lavage, follow this procedure:
Clip and aseptically scrub the ventral abdomen as described previously.

2. Wearing sterile gloves, cut multiple side ports in a 16- or 18-gauge over-the needle

catheter. Use care to not cut more than 50% of the circumference of the catheter, or
else the catheter will become weakened and potentially can break off in the patient’s
abdomen.

. Insert the catheter into the peritoneal cavity caudal and to the right of the umbilicus,

directing the catheter dorsally and caudally.

. Infuse 10 to 20 mL of sterile lactated Ringer’s solution or 0.9% saline solution that has

been warmed to the patient’s body temperature. During the instillation of fluid into
the peritoneal cavity, watch closely for signs of respiratory distress because an increase
in intraabdominal pressure can impair diaphragmatic excursions and respiratory
function.

. Remove the catheter.
. In ambulatory patients, walk the patient around while massaging the abdomen to

distribute the fluid throughout the abdominal cavity. In nonambulatory patients,
gently roll the patient from side to side.

. Next, aseptically scrub the patient’s ventral abdomen again, and perform an

abdominal paracentesis as described previously. Save collected fluid for culture and
cytologic analyses; however, biochemical analyses may be artifactually decreased
because of dilution. Remember that you likely will retrieve only a small portion of the
fluid that you instilled.

Additional Reading
Bjorling DE, Latimer KA, Rawlings CA, et al: Diagnostic peritoneal lavage before and after

abdominal surgery in dogs, Am ] Vet Res 44(5):816-820, 1983.

Crowe DT: Abdominocentesis and diagnostic peritoneal lavage in small animals, Mod Vet Pract

13:877-882, 1984.

Crowe DT: Diagnostic abdominal paracentesis techniques: clinical evaluation in 129 dogs and

cats, ] Am Anim Hosp Assoc 20:223-230, 1984.

Walters JM: Abdominal paracentesis and diagnostic peritoneal lavage, Clin Tech Small Anim

Pract 18(1):32-38, 2003.
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BANDAGING AND SPLINTING TECHNIQUES

In general bandages can be applied to open or closed wounds. Bandaging is used for six
general wound types: open contaminated or infected wounds, open wound in the repair
stage of healing, a closed wound, a wound in need of a pressure bandage, a wound in need
of pressure relief, and a wound in need of immobilization. Box 1-3 lists various functions
of bandages.

The materials and methods of bandaging depend on the type of injury, the need for
pressure and immobilization, the need to prevent pressure, and the stage of healing. In
general, bandage material has three component layers. If pressure relief or immobilization
is required, splint material also may be incorporated into the bandage. The contact layer is
the layer of bandage material that actually is adjacent to the wound itself. The secondary or
intermediary layer is placed over the contact (primary) layer. Finally, the outer tertiary layer
covers the bandage and is exposed to the outside.

OPeN GONTAMINATED AND INFECTED WOUNDS

Open contaminated or infected wounds often have large amounts of necrotic tissue and
foreign debris and emit copious quantities of exudate. The contact layer used in an open
contaminated or infected wound should be wide-mesh gauze sponges with no cotton fill-
ing. The sponges can be left dry if the wound has minimal exudate but should be mois-
tened with sterile 0.9% saline or lactated Ringer’s solution if the wound has high-viscosity
exudate. Topical ointments may be applied (silver sulfadiazine, chlorhexidine ointment) if
necessary. The intermediate layer should be thick absorbent wrapping material, covered by
an outer layer of porous tape: Elastikon (Johnson & Johnson Medical, Arlington, Texas), or
Vetrap (3M, St. Paul, Minnesota). Change the bandages at least once daily or more
frequently if strike-through of exudate occurs through the bandage.

To place a wet-to-dry bandage over a wound, first place the contact layer over the
wound. Next, place strips of adhesive tape to the patient’s paw on either side, if possible.
The strips (stirrups) will be used to hold the bandage in place and prevent it from slipping
down the limb. Wrap the intermediate layer over the contact layer. Turn the adhesive strips
around so that the adhesive layer can be secured to the intermediary layer in place. Wrap
the final, or tertiary layer over the bandage.

The function of a wet-to-dry bandage is to help debride a wound. The moistened
gauze dries and is pulled off the wound at each bandage change. Dry necrotic tissue
and debris that is adhered to the gauze is pulled off with it. In addition, the moistened
material dilutes the wound exudates and enhances its absorption into the gauze contact
layer. If large amounts of exudate come from the wound, the contact layer and inter-
mediate layer absorb the exudate, wicking the material away from the wound. Finally, deliv-
ery of medications into the wound can occur to promote the development of healthy
granulation tissue.

BOX 1-3 FUNCTIONS OF BANDAGES AND SPLINTS

Exert pressure Protect a wound from environmental bacteria
Obliterate dead space Protect the environment from wound blood,
Reduce edema exudate, and bacteria
Minimize hemorrhage Immobilize a wound and support underlying

Prevent pressure on wounds osseous structures
Decubitus ulcers Minimize patient discomfort

Pack a wound Serve as a vehicle for antiseptics and antibiotics
Wet-to-dry bandages for deep shearing Serve as an indicator of wound secretions

injuries Provide an aesthetic appearance

Absorb exudate and debride a wound
Wet-to-dry bandages




EMERGENCY DIAGNOSTIC AND THERAPEUTIC PROCEDURES 9

Open Wounp IN RePAIR STAGE OF HEALING

Early repair

During the early stage of repair, granulation tissue, some exudate, and minor epithelializa-
tion is observed. Place a nonadherent bandage with some antibacterial properties (petro-
leum or nitrofurazone-impregnated gauze) or absorbent material (foam sponge, hydrogel,
or hydrocolloid dressing) in direct contact with the wound to minimize disruption of the
granulation tissue bed. Next, place an absorbent intermediate layer, followed by a porous
outer layer, as previously described. Granulation tissue can grow through gauze mesh or
adhere to foam sponges and can be ripped away at the time of bandage removal.
Hemorrhage and disruption of the granulation tissue bed can occur.

Late repair

Later in the repair process, granulation tissue can exude sanguineous drainage and have
some epithelialization. A late nonadherent bandage is required. The contact layer should be
some form of nonadherent dressing, foam sponge, hydrogel, or hydrocolloid substance.
The intermediate layer and outer layers should be absorbent material and porous tape,
respectively. With nonadherent dressings, wounds with viscous exudates may not be
absorbed well. This may be advantageous and enhance epithelialization, provided that
complications do not occur. Infection, exuberant granulation tissue, or adherence of
absorbent materials to the wound may occur and delay the healing process.

MoisT HEALING

Moist healing is a newer concept of wound management in which wound exudates are
allowed to stay in contact with the wound. In the absence of infection a moist wound heals
faster and has enzymatic activity as a result of macrophage and polymorphonuclear cell
breakdown. Enzymatic degradation or “autolytic debridement” of the wound occurs. Moist
wounds tend to promote neutrophil and macrophage chemotaxis and bacterial phagocyto-
sis better than use of wet-to-dry bandages. A potential complication and disadvantage of
moist healing, however, is the development of bacterial colonization, folliculitis, and
trauma to wound edges that can occur because of the continuously moist environment.

Use surfactant-type solutions (Constant Clens; Kendall, Mansfield, Massachusetts) for
initial wound cleansing and debridement. Use occlusive dressings for rapid enzymatic
debridement with bactericidal properties to aid in wound healing. Bandage wet necrotic
wounds with a dressing premoistened with hypertonic saline (Curasalt [Kendall], 20%
saline) to clean and debride the wounds. Hypertonic saline functions to desiccate necrotic
tissue and bacteria to debride the infected wound. Remove and replace the hypertonic
saline bandage every 24 to 48 hours. Next, place gauze impregnated with antibacterial
agents (Kerlix AMD [Kendall]) over the wound in the bandage layer to act as a barrier to
bacterial colonization.

If the wound is initially dry or has minimal exudate and is not obviously contaminated
or infected, place amorphous gels of water, glycerin, and a polymer (Curafil [Kendall]) over
the wound to promote moisture and proteolytic healing. Discontinue moisture gels such as
Curafil once the dry wound has become moist.

Finally, the final stage of moist healing helps to promote the development of a healthy
granulation tissue bed. Use calcium alginate dressings (Curasorb or Curasorb Zn with zinc
[Kendall]) in noninfected wounds with a moderate amount of drainage. Alginate gels
promote rapid development of a granulation tissue bed and epithelialization.

Foam dressings also can be applied to exudative wounds after a healthy granulation bed
has formed. Change foam dressings at least once every 4 to 7 days.

Crosep Wounps
Wounds with no drainage

For closed wounds without any drainage, such as a laceration that has been repaired surgi-
cally, a simple bandage with a nonadherent contact layer (Telfa pad [Kendall], for example),
intermediate layer of absorbent material, and an outer porous layer (Elastikon, Vetrap) can
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be placed to prevent wound contamination during healing. The nonadherent pad will not
stick to the wound and cause patient discomfort. Because there usually is minimal drainage
from the wound, the function of the intermediate layer is more protective than absorptive.
Any small amount will be absorbed into the intermediate layer of the bandage. It is impor-
tant in any bandage to place the tape strips or “stirrups” on the patient’s limb and then
overlap in the bandage, to prevent the bandage from slipping. Place the intermediate and
tertiary layers loosely around the limb, starting distally and working proximally, with some
overlap with each consecutive layer. This method prevents excessive pressure and potential
to impair venous drainage. Leave the toenails of the third and fourth digits exposed, when-
ever possible, to allow daily examination of the bandage to determine whether the bandage
is impairing venous drainage. If the bandage is too tight and constricting or impeding
vascular flow, the toes will become swollen and spread apart. When placed and maintained
properly (e.g., the bandage does not get wet), there usually are relatively few complications
observed with this type of bandage.

Open Wounns
Wounds with drainage

In some cases, it is necessary to cover a wound in which a Penrose drain has been placed to
allow drainage. In many cases, there is a considerable amount of drainage from the drain
and underlying soft tissues. The function of the bandage is to help obliterate dead space
created by the wound itself, absorb the fluid that drains from the wound and that will
contaminate the environment, and prevent external wicking of material from the external
environment into the wound. When the bandage is removed, the clinician can examine the
amount and type of material that has drained from the wound in order to determine when
the drain should be removed.

When placing a bandage over a draining wound, the contact layer should be a commer-
cially available nonadherent dressing and several layers of absorbent wide-mesh gauze
placed directly over the drain at the distal end of the incision. Overlay the layers of gauze
with a thick layer of absorbent intermediate dressing to absorb fluid that drains from the
wound. If the gauze and intermediate layers are not thick or absorbent enough, there is a
potential for the drainage fluid to reach the outer layer of the bandage and provide a source
of wicking of bacteria from the external environment into the wound, leading to infection.

Wounps IN NEeD OF A PRESSURE BANDAGE

Minor hemorrhage

Some wounds such as lacerations have minor bleeding or hemorrhage that require an
immediate bandage until definitive care can be provided. To create a pressure bandage,
place a nonadherent dressing immediately in contact with the wound, followed by a thick
layer of absorbent material, topped by a layer of elastic bandage material such as Elastikon
or Vetrap. Unlike the bandage for a closed wound, the top tertiary outer layer should be
wrapped with some tension and even pressure around the limb, starting from the distal
extremity (toes) and working proximally. The pressure bandage serves to control hemor-
rhage but should not be left on for long periods. Pressure bandages that have been left on
for too long can impair nerve function and lead to tissue necrosis and slough. Therefore,
pressure bandages should be used in the hospital only, so that the patient can be observed
closely. If hemorrhage through the bandage occurs, place another bandage over the first
until the wound can be repaired definitively. Removal of the first bandage will only disrupt
any clot that has formed and cause additional hemorrhage to occur.

Initial fracture immobilization

Fractures require immediate immobilization to prevent additional patient discomfort and
further trauma to the soft tissues of the affected limb. As with all bandages, a contact layer,
intermediate layer, and outer layer should be used. Place the contact layer in accordance



EMERGENCY DIAGNOSTIC AND THERAPEUTIC PROCEDURES 11

with any type of wound present. The intermediate layer should be thick absorbent material,
followed by a top layer of elastic bandage material. An example is to place a Telfa pad over
a wound in an open distal radius-ulna fracture, followed by a thick layer of cotton gauze
cast padding, followed by an elastic layer of Kling (Johnson & Johnson Medical, Arlington,
Texas), pulling each layer tightly over the previous layer with some overlap until the result-
ant bandage can be “thumped” with the clinician’s thumb and forefinger and sound like a
ripe watermelon. The bandage should be smooth with consecutive layers of even pressure
on the limb, starting distally and working proximally. Leave the toenails of the third and
fourth digits exposed to monitor for impaired venous drainage that would suggest that the
bandage is too tight and needs to be replaced. Finally, place a top layer of Vetrap or Elastikon
over the intermediary layer to protect it from becoming contaminated. If the bandage is
used with a compound or open fracture, drainage may be impaired and actually lead to
enhanced risk of wound infection. Bandages placed for initial fracture immobilization are
temporary until definitive fracture repair can be performed once the patient’s cardiovascular
and respiratory status are stable.

Exuberant granulation tissue

Wounds with exuberant granulation tissue must be handled carefully so as to not disrupt
the healing process but to keep an overabundance of tissue from forming that will
impair epithelialization. To bandage a wound with exuberant granulation tissue, place a
corticosteroid-containing ointment on the wound, followed by a nonadherent contact
layer. The corticosteroid will help control the exuberant growth of granulation tissue. Next,
carefully wrap an absorbent material over the contact layer, followed by careful placement
of and overlay of elastic bandage material to place some pressure on the wound. Leave the
toenails of the third and fourth digits exposed so that circulation can be monitored several
times daily. Bandages that are too tight must be removed immediately to prevent damage
to neuronal tissue and impaired vascularization, tissue necrosis, and slough. Because
wound drainage may be impaired, there is a risk of infection.

Obliteration of dead space

Gaping wounds or those that have undermined in between layers of subcutaneous tissue
and fascia should be bandaged with a pressure bandage to help obliterate dead space and
prevent seroma formation. An example of a wound that may require this type of bandage
is removal of an infiltrative lipoma on the lateral or ventral thorax. Use caution when plac-
ing pressure bandages around the thorax or cervical region because bandages placed too
tightly may impair adequate ventilation. To place a pressure bandage and obliterate dead
space, place a nonadherent contact layer over the wound. Usually, a drain is placed in the
wound, so place a large amount of wide-mesh gauze at the distal end of the drain to absorb
any wound exudate or drainage. Place several layers of absorbent material over the site to
further absorb any drainage. Place a layer of elastic cotton such as Kling carefully but firmly
over the dead space to cause enough pressure to control drainage. Place at least two fingers
in between the animal’s thorax and the bandage to ensure that the bandage is not too tight.
In many cases, the bandage should be placed once the animal has recovered from surgery
and is able to stand. If the bandage is placed while the animal is still anesthetized and
recumbent, there is a tendency for the bandage to be too tight. Finally, the tertiary layer
should be an elastic material such as Elastikon or Vetrap.

Wounps IN Neep oF PRESSURE RELIEF

Many wounds require a pressure relief bandage to prevent contact with the external envi-
ronment. Wounds that may require pressure relief for healing include decubitus ulcers,
pressure bandage or cast ulcers, impending ulcer areas (such as the ileum or ischium of
recumbent or cachexic patients), and surgical repair sites of ulcerated areas. Pressure relief
bandages can be of two basic varieties: modified doughnut bandage and doughnut-shaped
bandage.
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Modified doughnut bandage

A modified doughnut bandage should be placed over bony prominences on the limbs when
there are early signs of pressure such as hyperemia, to prevent further injury. To place a
modified doughnut bandage, cast padding material, thick wrapping material, and porous
adhesive or loose elastic tape are required. Because this type of bandage becomes
compressed after two to three bandage changes, it must be replaced frequently.
To place a modified doughnut bandage, follow this procedure (Figure 1-1):
. Make several layers of cast padding, and fold them over together, making a 3 x 3-inch pad.
. Fold the pad over on itself, and cut a slit in the center. Form this slit into a hole.
. Place the hole in the cast padding over the bony prominence.
. Wrap bandaging material over the pad.
. Place tapes over the wrapping material, with overlap of the tape strips, to secure it in place.
. Alternatively, place several loose stay sutures percutaneously in the skin surrounding
the bony prominence, and secure the doughnut in place with umbilical tape woven
through the stay sutures and over the doughnut.

AN U b W N =

Doughnut-shaped bandage

Like the modified doughnut-shaped bandage, a doughnut-shaped bandage is used over

bony prominences to help prevent excessive pressure over the area. The bandage commonly

is used over bony prominences on the distal limbs, such as the lateral malleolus, when more
padding is indicated than is provided with a modified doughnut-shaped bandage. To make

a doughnut-shaped bandage, use a hand towel or length of stockinet bandage material, tape,

cotton gauze, elastic bandage material, or suture with umbilical tape. As the bandage becomes

compressed or soiled, change it to prevent further damage to the underlying tissues.
To create a doughnut-shaped bandage, follow this procedure (Figures 1-2 and 1-3):

1. Roll a hand towel tightly and wrap tape around it to create a circle with a hole in the
center. Alternatively, take a length of stockinet bandage material and roll it as you
would a sock, creating a padded circle with a hole in the center. Make sure that the
hole in the center is large enough to fit around the surgical repair site or ulcer.

2. Place the hole in the center over the ulcer or surgical repair site.

3. Secure the roll in place with strips of tape and cotton and then elastic bandage
material. Alternatively, place loose loops of suture through the skin adjacent and
around the wound. Secure the doughnut in place with umbilical tape secured through
the suture loops and over the bandage. The wound in the center can be observed and
treated through the hole in the center, if necessary.

Wounps IN NEED OF IMMOBILIZATION
External pin splints

An external pin splint is required when fractures or luxations are associated with open
wounds. In some cases, it may be difficult to bandage under the bars of the pin splint in
such a way that the bandage is in contact with the wound. To create padding around the
pins, fit foam rubber sponges to lie securely under and around the pins. Place bandage
layers around the external fixator apparatus in layers to decrease contamination of the
wound from the external environment and to absorb fluid that drains from the wound
(Figures 1-4 to 1-6).

Cup or clamshell splints

A cup splint is indicated when bandaging pad wounds to decrease pressure on the footpad
and prevent spreading of the footpads when the dog or cat places the paw down. If the toes
spread, spreading of the footpad can delay or impair wound healing. The splint functions
to place the paw in a more vertical direction so that the patient bears weight on the toe tips
and not directly on the pads during the healing process.

Text continued on p. 18
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Figure 1-1: Modified doughnut bandage. A, Several layers of cast padding are folded together.
B, The pad is folded on itself and a slit is cut in its center.
Continued
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D
Figure 1-1, cont’d  C, The slit is formed into a hole. D, The hole is placed over the bony

prominence.
(From Swaim SE, Henderson RA: Small animal wound management. 2nd Edition. Williams &

Wilkins, Media, Pa, 1997.)



Figure 1-2: Doughnut-shaped bandage created from stockinet bandage material over the
olecranon.

Figure 1-3: The tarsus.

Continued
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Figure 1-3, cont’d.

£ o
i B e

; «u::ma::xuuuu:mmmMHNIH ‘
oo )

>

= T

' it

Figure 1-4: Foam rubber pads are placed under and around the pins of the external fixator,
adjacent to the wound.
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Figure 1-5: Cotton cast padding is placed around the external fixator to keep the foam rubber
and contact layer securely in place.

Figure 1-6: Vetrap is placed over the intermediate layer to prevent contamination from the
external environment.
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To create a cup or clamshell splint, follow this procedure (Figures 1-7 to 1-11):

1. Place a nonadherent contact layer directly over the wound.

2. Place stirrups of tape in contact with the skin of the dog, to be placed over the
intermediate layer and prevent the bandage from slipping.

3. Place a fairly thick layer of absorbent intermediate bandage material over the contact
layer such that the bandage is well-padded. Pull the tape stirrups and secure them to
the intermediate layer.

4. Place a length of cast material that has been rolled to the appropriate length, such that
the cast material is cupped around the patient’s paw, and lies adjacent to the caudal
aspect of the limb to the level of the carpus or tarsus. In the case of a clamshell splint,
place a layer of cast material on the cranial and caudal aspect of the paw and conform
it in place.

o

Figure 1-7: Tape stirrups in place.

Figure 1-8: Layer of absorbent roll cotton.
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Figure 1-9:  Secure tape stirrups to intermediate layer to prevent bandage from slipping.

5. Take the length of cast padding and soak it in warm water after it has been rolled to
the appropriate length. Wring out the pad, and secure/conform it to the caudal (or
cranial and caudal, in the case of a clamshell splint) aspect of the distal limb and paw.

6. Secure the cast material in place with a layer of elastic cotton gauze (Kling).

7. Secure the bandage in place with a snug layer of Elastikon or Vetrap.

Lateral or caudal splints

Short or long splints made of cast material can be incorporated into a soft padded band-
age to provide extra support of a limb above and below a fracture site. For a caudal or
lateral splint to be effective, it must be incorporated for at least one joint above any frac-
ture site to prevent a fulcrum effect and further disruption or damage to underlying soft
tissue structures. A short lateral or caudal splint is used for fractures and luxations of the
distal metacarpus, metatarsus, carpus, and tarsus.
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Place clamshell layer of cast material in place on the cranial and caudal aspect of

Figure 1-10
the limb.
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To place a short lateral or caudal splint, follow this procedure:

1. Secure a contact layer as determined by the presence or absence of any wound in
the area.

2. Place tape stirrups on the distal extremity to be secured later to the intermediate
bandage layer and to prevent slipping of the bandage distally.

3. Place layers of roll cotton from the toes to the level of the mid tibia/fibula or mid
radius/ulna. Place the layers with even tension, with some overlap of each consecutive
layer, moving distally to proximally on the limb.

4. Secure the short caudal or lateral splint and conform it to the distal extremity to the
level of the toes and proximally to the level of the mid tibia/fibula or mid
radius/ulna.

5. Secure the lateral or caudal splint to the limb with another outer layer of elastic cotton
(Kling).

6. Cover the entire bandage and splint with an outer tertiary layer of Vetrap or Elastikon.
Make sure that the toenails of the third and fourth digits remain visible to allow daily
evaluation of circulation.

Long lateral or caudal splints are used to immobilize fractures of the tibia/fibula and
radius/ulna. The splints are fashioned as directed for short splints but extend proximally to
the level of the axilla and inguinal regions to immobilize above the fracture site.

Spica splint
A spica splint is used to immobilize the humerus and elbow and shoulder joints in the case
of luxation or fracture. To place a spica splint, follow this procedure:

1. Place a contact layer if any wounds are present.

2. Place tape stirrups to the distal limb to attach to the intermediate layer and prevent
slipping of the bandage distally.

3. Place layers of conforming cotton gauze circumferentially and overlapping, moving
up the limb from distal to proximal.

4. Incorporate the leg bandage into a layer of cotton bandage that is secured over the
thorax.

5. Secure the cotton in place with a layer of snug elastic cotton material such as Kling.
Make sure that the bandage is not so tight that breathing is impaired.

6. Place splint material on the lateral aspect of the limb, extending the material from
the level of the toes proximally over the entire limb and extending proximally to over
the scapula and dorsal midline.

7. After rolling the splint to an appropriate length and width, moisten the splint
material in warm water to allow it to set and harden.

8. Replace the splint and conform it to the bandage over the patient’s body.

9. Secure the splint in place with another layer of cotton Kling.

10. Wrap the entire bandage in place with a layer of tertiary bandage material such as
Elastikon or Vetrap.

Additional Reading

Piermattei DL, Flo GL: Brinker, Piermattei, and Flo’s handbook of small animal orthopedics and
fracture management, ed 3, Philadelphia, 1997, WB Saunders.

BLOOD COMPONENT THERAPY

COLLECTION AND ADMINISTRATION

Blood component therapy involves the separation of blood into its cellular and fluid
components and infusing the components specific for each patient’s needs. Blood compo-
nent therapy is the mainstay of initial and ongoing management of hematologic emergen-
cies and can provide support of the critically ill patient until the underlying disease process
is controlled. The separation of blood into red blood cells, plasma, cryoprecipitate, and
platelet-rich products allows for more specific replacement of the animal’s deficit(s),
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BOX 1-4 APPROACH TO BLOOD COMPONENT THERAPY

Rep BLoop CeLL SuPPORT

o Packed cell volume drops rapidly to less than 20% in the dog and less than 12% to 15% in the cat

e Acute loss of more than 30% of blood volume (30 mL/kg in dog, 20 mL/kg in cat)

o Clinical signs of lethargy, collapse, hypotension, tachycardia, tachypnea (acute or chronic blood
loss)

¢ Ongoing hemorrhage is present

e Poor response to crystalloid and colloid infusion

PLATELET SuPPORT

o Life-threatening hemorrhage caused by thrombocytopenia or thrombocytopathia

e Surgical intervention is necessary in a patient with severe thrombocytopenia or thrombo-
cytopathia

PLAsMA SupPORT

o Life-threatening hemorrhage with decreased coagulation factor activity

e Severe inflammation (pancreatitis, systemic inflammatory response syndrome)

o Replenish antithrombin (disseminated intravascular coagulation, protein-losing enteropathy or
nephropathy)

e Surgery is necessary in a patient with decreased coagulation factor activity

o Severe hypoproteinemia is present; to partially replenish albumin, globulin, and clotting factors

decreases the risks of transfusion reactions, and allows for more efficient use of donor
blood. Box 1-4 lists indications for transfusion of red blood cells, platelet-rich plasma, fresh
frozen or fresh plasma, and cryoprecipitate.

BLoop TYPES AND ANTIGENICITY

Cell membrane receptors on the surface of red blood cells (RBCs) serve the purpose of
self-recognition versus non-self-recognition during states of health. The presence or
absence of various glycoprotein and glycolipid moieties on the RBC surface helps to define
blood groups or “types” within a species. In dogs, six cell surface dog erythrocyte antigens
(DEAs, 1.1, 1.2, 3,4, 5,and 7) have been identified. Dogs that are negative for DEA 1.1, 1.2,
and 7 but positive for DEA 1.4 are known as universal donors and have type A-negative
blood. Dog erythrocyte antigens 1.1 and 1.2 are the most immunogenic RBC antigens
known in canine transfusion medicine. Transfusion of DEA 1.1- or 1.2-positive blood to
a DEA 1.1- and 1.2-negative dog can result in immediate hemolysis or a delayed-type
hypersensitivity reaction. Additionally, viability of DEA 1.1- and 1.2-positive cells in a DEA
1.1- and 1.2-negative recipient is short-lived, ultimately defeating the long-term goal of
increasing oxygen delivery in the recipient.

Like dogs, feline blood groups are defined by specific carbohydrate moieties attached
to lipids (glycolipids) and proteins (glycoproteins) on the RBC surface. Three blood types
(A, B, and AB) have been identified in cats. Type A is the most common blood type in cats.
Type B is relatively uncommon and occurs in Abyssinian, Persian, Devon Rex, and British
Shorthair cats but can be found in domestic shorthair and longhair cats as well. Type A is
completely dominant over type B by simple mendelian genetics. Type AB is a rare blood
type that has been identified infrequently in domestic short-haired cats, Birman, Abyssinian,
Somali, British Shorthair, Scottish Fold, and Norwegian Forest Cats. Unlike dogs, cats possess
naturally occurring antibodies against other feline blood types. The presence of naturally
occurring autoantibodies is of paramount importance, necessitating blood typing with
or without crossmatch before any feline transfusion, because hemolytic transfusion reac-
tions potentially can be fatal, even with no prior sensitization or blood transfusion. Type B
cats possess large quantities of anti-A antibodies, primarily of the immunoglobulin M
(IgM) subclass. Type A blood infused into a type B cat will be destroyed within minutes to
hours, and as little as 1 mL of incompatible blood can cause a life-threatening reaction.
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Type A cats typically possess weak anti-B antibodies of IgG and IgM subtypes. Transfusion
of type B blood into a type A cat will result in milder clinical signs of reaction and a
markedly decreased survival half-life of the infused RBCs to just 2 days. Because type AB
cats possess both moieties on their cell surface, they lack naturally occurring alloantibodies;
transfusion of type A blood into a type AB cat can be performed safely if a type AB donor
is not available. The life span of an RBC from a type-specific transfusion into a cat is
approximately 33 days.

BLoop DonoRs PROGRAMS

Each clinic must weigh the cost-benefit ratio, the need for blood products, and the overall
quantity of blood products in the practice when deciding which option works best for the
staff, clientele, and patient needs. Busy hospitals requiring large quantities of blood prod-
ucts at regular intervals may elect to keep an in-house colony of donor dogs and cats.
Maintenance of a closed donor colony may be impractical because of the economics of
feeding and housing the animals and using cage space that can be used for other patients.
Additionally, care of the animals—including frequent health examinations, blood testing
(complete blood count, biochemistry panels, heartworm tests), and daily care—are labor
intensive for veterinarian and support staff alike. Other options include using staff- or
client-owned animals as donors. This practice eliminates the expense of housing donors
within the clinic and the labor required for daily care. Donor animals can be used as needed
or can have scheduled collections to replenish the stock of blood products. The final
option, which may be more practical for clinics with an infrequent need for blood prod-
ucts, is to purchase blood components from a commercial blood bank (Table 1-1).

Blood donors should receive annual physical examinations and general health screens,
including a complete blood count, serum biochemistry panel, and occult heartworm anti-
gen test. Canine donors also should be screened initially for Lyme disease, Babesia, Rocky
Mountain spotted fever (Rickettsia rickettsii), Ehrlichia, and Brucella. The prevalence of
Babesia spp. in the racing Greyhound industry in Florida, Arizona, and Colorado is high
(estimated to be 30% to 50%). Dogs ideally should weigh greater than 50 1b (27 kg), be
between 1 and 8 years of age, have a packed cell volume (PCV) of at least 40%, be spayed

TABLE 1-1 Listof Veterinary Blood Banks

Telephone
Name/Address number Web site
Animal Blood Bank 800-243-5759 www.animalbloodbank.com/
P.O.Box 1118 (800-2HELPKO9)
Dixon, CA 95620
Eastern Veterinary 800-949-EVBB www.evbb.com
Blood Bank (800-949-3822)
844 Ritchie Highway
Suite 204
Severna Park, MD 21146
Hemopet Blood Bank 714-891-2022 www.itsfortheanimals.com/HEMOPET.HTM
Office
11330 Markon Drive

Garden Grove, CA 92841
Midwest Animal Blood 877-517-MABS www.midwestabs.com
Services (877-517-6227)
4983 Bird Drive
Stockbridge, MI 49285
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and/or nulliparous, and have never received a transfusion. A healthy donor safely can
donate 10 to 20 mL/kg of whole blood every 3 to 4 weeks if necessary.

Feline blood donors ideally should weigh greater than 8 Ib, be between 1 and 8 years of
age, be nulliparous and/or spayed, and have never received a transfusion. Additionally,
donor cats should be screened for feline leukemia virus, feline immunodeficiency virus,
Hemobartonella, Mycoplasma haemofelis and feline infectious peritonitis before donations
and should have a minimally acceptable PCV of 30%, although between 35% and 40% is
preferred. Whole blood and plasma from donors that previously have been pregnant or
received a transfusion should not be used because of the risk of previous exposure to
foreign RBC antigens and the development of antibodies.

BLoop CoLLECTION AND HANDLING

Any blood collection should be performed in a manner that is the least stressful for the
donor animal. Physical examination and determination of PCV and total solids should be
performed before any donation. Blood can be obtained from a jugular vein or femoral
artery. However, because of the risk of lacerating the femoral artery, with subsequent
hemorrhage or development of compartmental syndrome, I strongly advocate using the
jugular vein as the primary site of blood collection in dogs and cats. Carefully clip the fur
over the jugular vein, avoiding skin abrasions. Place dogs in lateral recumbancy; however,
sternal recumbancy or sitting on the floor are also acceptable methods. Aseptically scrub
the area over the clipped jugular vein with iodine or chlorhexidine wipes, alternating with
alcohol or sterile saline. Blood can be collected from an open or closed system. Closed-
system collection is preferred because it decreases the potential for contamination of the
blood product and facilitates processing of blood components. Alternatively, an open
system can be used if the blood is going to be transfused within 24 hours. Gently insert a
16-gauge needle into the jugular vein. Place the collection system on a scale on the floor
and zero the scale. Then remove the hemostat placed on the collection tubing and allow the
blood to flow by gravity. Canine units should be approximately 450 mL, which translates
to 450 g on the tared scale, because 1 mL weighs approximately 1 g. Although a volume of
450 mL can be obtained every 21 days, if necessary, from a healthy canine donor, less
frequent donation of every 3 months is preferred.

Alternatively, feline blood collection often requires the use of sedation, unless a multi-
access port has been implanted surgically. All donor cats should have a physical examina-
tion and determination of PCV and total solids performed before sedation and subsequent
blood donation. Clip the fur over the jugular vein and aseptically prepare the site as
described previously. Insert a 19-gauge butterfly catheter into the jugular vein and aspirate
blood with gentle pressure to avoid venous collapse. The butterfly catheter is attached to a
three-way stopcock and 60-mL syringe into which 7 mL of citrate phosphate dextrose
adenine anticoagulant has been placed. In most cases, a total volume of 53 mL of blood is
obtained. The blood can be transfused immediately or placed into a small sterile collection
bag that contains 0.14 mL of citrate phosphate dextrose adenine anticoagulant per milli-
liter of whole blood. No more than 11 to 15 mL/kg should be obtained at any given time
from a feline donor (Box 1-5).

BOX 1-5 SUPPLIES NEEDED FOR BLOOD COLLECTION AND PROCESSING

CANINE FELINE
Blood donor collection bag 60-mL syringe
Sealing clips Three-way stopcock
Pliers or tube stripper (optional) 7 mL citrate phosphate dextrose adenine
Guarded hemostat anticoagulant solution
Plasma press Ketamine
Diazepam
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BLoob ComPONENT PROCESSING AND STORAGE

Production of blood component therapy has become more commonplace in human and
veterinary medicine. Component therapy involves the separation of whole blood into its
cellular and plasma components and then administration of specific components to a
recipient based on each patient’s individual needs. Preparation of fresh frozen plasma,
frozen plasma, cryoprecipitate, and cryopoor plasma requires the use of a refrigerated
centrifuge. Floor and tabletop models are currently available for purchase. In many cases,
purchase of a refrigerated centrifuge is impractical because of the expense and the space
required for its storage. A veterinary community potentially can pool resources for the cost
of the equipment and house the unit at a centrally located facility, such as a local emergency
hospital. Alternatively, human hospitals or blood banks may provide separation services for
a nominal fee. Investigation of guidelines in your area may provide a means of creating
blood components from your donors for use in your practice.

Once obtained, blood should be stripped from the collection tubing, and the line sealed
using a thermal seal or aluminum clips. The bag should be labeled clearly with donor
name, donor blood type, date of collection, PCV or donor at time of collection, and date
of expiration. If the blood is not going to be used immediately or prepared for platelet-rich
plasma, the unit should be refrigerated. The unit then can be spun at 4000 to 5000 times
gravity for 5 minutes to separate the RBCs from plasma components. Use of a plasma
extractor will facilitate flow of plasma into designated satellite bags for further storage.

Fresh frozen plasma, cryoprecipitate, and cryopoor plasma should be frozen within 8
hours of collection to ensure preservation of labile clotting factors, including factors V and
VIII and von Willebrand’s factor (VWEF). Fresh frozen plasma has a shelf life of 1 year past
the date of collection. Before freezing, place an elastic band around the bag to crimp the
bag during the freezing process. The elastic band is removed once the unit is frozen. In case
of an inadvertent or unobserved power failure, the crimp in the unit provides a quality
control measure that inadvertent thawing has not occurred. Partial thawing and differential
centrifugation of fresh frozen plasma allows preparation of cryoprecipitate and cryopoor
plasma. Following 1 year, or if a unit of plasma has been prepared after 8 hours of collec-
tion, frozen plasma results. Frozen plasma contains all of the vitamin K—dependent coagu-
lation factors (II, VIL, IX, X), immunoglobulins, and albumin but is relatively devoid of the
labile clotting factors. Frozen plasma has a shelf life of 5 years after the original date of
collection or 4 years after expiration of a unit of fresh frozen plasma. Packed RBCs should
be stored at 1 to 6° C immediately after collection and processing. Packed RBCs and frozen
plasma also can be prepared in the absence of a refrigerated centrifuge by storing the unit
of whole blood upright in a refrigerator at 1 to 6° C for 12 to 24 hours until the RBCs have
separated out. The plasma can be drawn off into a second storage bag and frozen as frozen
plasma. Because of the delay in processing, the resultant plasma does not contain the labile
clotting factors. Fresh frozen plasma, frozen plasma, cryoprecipitate, and cryopoor plasma
should be stored at —20° C until use (Table 1-2). The products should be thawed in tepid
water until no crystals are observed. No plasma product should be heated to greater than
37° C because protein denaturation can occur.

Crossmatch procedure

Before administering blood products, find out the donor and recipient’s blood types and
perform a crossmatch procedure as time allows. At minimum, a blood type should be
performed before administration. Rapid blood typing cards are available for use in dogs
and cats (Rapid Vet-H; DMS Laboratories, Flemington, New Jersey). A crossmatch procedure
simulates in vitro the response of a recipient to donor plasma and RBC antigens. The cross-
match procedure is performed to decrease the risk of transfusion reactions in patients that
have been sensitized previously, that have naturally occurring alloantibodies, or in situa-
tions of neonatal isoerythrolysis. Other indications for crossmatching include decreasing
the risk of sensitizing a patient if more than one transfusion is anticipated. Crossmatching
can be divided into major and minor categories. The major crossmatch mixes the donor’s
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TABLE 1-2 Storage of Blood Components

Component Anticoagulant Shelf life Comments
Whole blood (WB) Heparin 625 IU/ 37 days, 4° C No preservation,
250 mL WB coagulation factor
inhibition
ACD, 10 mL/ 24 hours, 4° C ACD rarely used
60 mL WB
CPDA-1, 1 mL/ 21 days, 4° C Will maintain 75%
7 mL WB PTV
AS-1 35 days, 4° C
Packed RBCs CPDA-1 20 days, 4° C Will maintain 75%
AS-1 37 days, 4° C PTV
Platelet-rich plasma  CPDA-1 3-5 days, 23° C Needs constant
2 hours, 4° C agitation
Fresh frozen plasma ~ CPDA-1 1 year, —=30° C Frozen <6 hours after
3 months, —18° C collection of blood; all
coagulation factors
present
Plasma/cryopoor CPDA-1 5 years, —30° C Does not contain
plasma factors V and VIII
Cryoprecipitate CPDA-1 1 year, —30° C High concentration

of vVWE factor VIII,
and fibrinogen

ACD, Acid citrate dextrose; AS, additive solution; CPDA-1, citrate phosphate dextrose adenine; PT'V,
posttransfusion viability; RBCs, red blood cells; vWF, von Willebrand’s factor; WB, whole blood.

RBCs with recipient’s plasma, thus testing whether the recipient contains antibodies
against donor RBCs. A minor crossmatch mixes donor plasma with recipient RBCs, testing
for the unlikely occurrence that the donor serum contains antibodies directed against
recipient RBCs. Box 1-6 gives a complete step-by-step description of major and minor
crossmatch procedures. The crossmatch procedures do not check for other sources of
immediate hypersensitivity transfusion reactions, including white blood cell and platelets.

INDICATIONS FOR TRANSFUSION THERAPY

There are many indications for administering transfusions of whole blood and component
blood products. Take a stepwise approach for every patient that may require a transfusion.
If a patient is at risk for blood loss or is anemic, consider a transfusion. Make a decision on
the type of transfusion therapy appropriate for each particular patient. Once a decision is
made about which components need to be administered, calculate a volume to be deliv-
ered. Exercise caution when administering larger volumes to small patients or those with
cardiac insufficiency, because volume overload potentially can occur. If RBC products
are to be administered, a minimum of a blood type should be performed before giving
type-specific blood. The gold standard is to perform a crossmatch for each unit adminis-
tered to decrease the risk of a transfusion reaction or sensitizing the patient to foreign RBC
antigens. In patients with severe hemorrhage when there is not enough time even for
performing a blood type, universal blood (DEA 1.1-, 1.2-, and 1.7-negative) or Oxyglobin
(Biopure, Cambridge, Massachusetts) can be administered.

A common misconception is that administration of whole blood or packed RBCs should
occur when patient PCV decreases to a certain number. In fact, no absolute “transfusion
trigger” number actually exists. Administer a transfusion whenever a patient demonstrates
clinical signs of anemia, including lethargy, anorexia, weakness, tachycardia, and/or tachypnea
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BOX1-6 PROTOCOL FOR PERFORMING MAJOR AND MINOR CROSSMATCH

Supplies needed:  0.9% physiologic saline in wash bottle

. Label test tubes as follows:

. Obtain a crossmatch segment from blood bank refrigerator for each donor to be cross-

. Collect 2 mL of blood from recipient and place in an EDTA tube. Centrifuge blood for 5
. Extract blood from donor tubing. Centrifuge blood for 5 minutes. Use a separate pipette for
. Pipette plasma off of donor and recipient cells and place in tubes labeled DP and RP, respec-

. Place 125 pL of donor and recipient cells in tubes labeled DR and RR, respectively.
. Add 2.5 mL 0.9% sodium chloride solution from wash bottle to each red blood cell (RBC)

. Centrifuge RBC suspension for 2 minutes.

. Discard supernatant and resuspend RBCs with 0.9% sodium chloride from wash bottle.

. Repeat steps 8 and 9 for a total of three washes.

. Place 2 drops of donor RBC suspension and 2 drops of recipient plasma in tube labeled Ma

. Place 2 drops of donor plasma and 2 drops recipient RBC suspension in tube labeled Mi (this

. Prepare control tubes by placing 2 drops donor plasma with 2 drops donor RBC suspension

14.

15.
16.
17.
18.

3-mL test tubes

Pasteur pipettes
Centrifuge

Agglutination viewer lamp

RC Recipient control
RR  Recipient RBCs

RP Recipient plasma
DB Donor whole blood*
DC  Donor control*

DR Donor whole blood*
DP  Donor plasma*

Ma  Major crossmatch*
Mi Minor crossmatch*

matched, or use an EDTA tube of donor’s blood. MAKE SURE TUBES ARE LABELED PROP-
ERLY.

minutes.
each transfer because cross-contamination can occur.

tively.

tube, using some force to cause cells to mix.

(this is the major crossmatch).
is the minor crossmatch).

(this is the donor control); and place 2 drops recipient plasma with 2 drops recipient RBC
suspension (this is the recipient control).

Incubate major and minor crossmatches and control tubes at room temperature for 15
minutes.

Centrifuge all tubes for 1 minute.

Read tubes using an agglutination viewer.

Check for agglutination and/or hemolysis.

Score agglutination with the following scoring scale:

4+ One solid clump of cells

3+ Several large clumps of cells

2+ Medium-sized clumps of cells with a clear background

14+ Hemolysis, no clumping of cells

NEG = Negative for hemolysis; negative for clumping of red blood cells

*Indicates that this must be done for each donor being tested.

(Table 1-3). Indications for fresh whole blood transfusion include disorders of hemostasis
and coagulopathies including disseminated intravascular coagulation, von Willebrand’s
disease, and hemophilia. Fresh whole blood and platelet-rich plasma also can be adminis-
tered in cases of severe thrombocytopenia and thrombocytopathia. Stored whole blood
and packed RBCs can be administered in patients with anemia. If PCV drops to below 10%
or if rapid hemorrhage causes the PCV to drop below 20% in the dog or less than 12% to
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TABLE 1-3 Indications for Administration of Blood Products

Blood products Indications

Fresh whole blood Coagulopathy with active hemorrhage (disseminated
intravascular coagulation, thrombocytopenia; massive
acute hemorrhage; no stored blood available)

Stored whole blood Massive acute or ongoing hemorrhage; hypovolemic shock
caused by hemorrhage that is unresponsive to conventional
crystalloid and colloid fluid therapy; unavailability of
equipment required to prepare blood components

Packed red blood cells Nonregenerative anemia, immune-mediated hemolytic anemia,
correction of anemia before surgery, acute or chronic blood loss
Fresh frozen plasma Factor depletion associated with active hemorrhage (congenital:

von Willebrand’s factor, hemophilia A, hemophilia B; acquired:
vitamin K antagonist, rodenticide intoxication, DIC); acute or
chronic hypoproteinemia (burns, wound exudates, body cavity
effusion; hepatic, renal, or gastrointestinal loss); colostrum
replacement in neonates

Frozen plasma Acute plasma or protein loss; chronic hypoproteinemia;
(contains stable colostrum replacement in neonates; hemophilia B and
clotting factors) selected clotting factor deficiencies

Platelet-rich plasma* Thrombocytopenia with active hemorrhage (immune-mediated

thrombocytopenia, DIC); platelet function abnormality
(congenital: thrombasthenia in Bassett hounds; acquired:

NSAIDs, other drugs)
Cryoprecipitate Congenital factor deficiencies (routine or before surgery):
(concentration of factor hemophilia A, hemophilia B, von Willebrand’s disease,
VIII, von Willebrand’s hypofibrinogenemia; acquired factor deficiencies

factor, and fibrinogen)

*Must be purchased because logistically one cannot obtain enough blood simultaneously to provide
a significant amount of platelets; platelets infused have a very short (<2 hours) half-life.
DIC, Disseminated intravascular coagulation; NSAIDs, nonsteroidal antiinflammatory drugs.

15% in the cat, a transfusion is advocated. Consider fresh frozen plasma or cryoprecipitate
administration in cases of coagulopathy, including von Willebrand’s disease, rodenticide
intoxication with depletion of activated vitamin K—dependent coagulation factors, and
hemophilia or in cases of severe hypoproteinemia with albumin concentrations less than
2.0 g/dL. Frozen plasma also will suffice in cases of severe hypoproteinemia, warfarin-like
compound intoxication, and factor IX deficiency (hemophilia B).

CONSIDERATIONS FOR ADMINISTRATION OF BLooD COMPONENT THERAPY

When considering the type of blood component product required for transfusion, one
should answer a number of questions to decrease the risk of a transfusion reaction and to
decrease the risk for rejection or destruction of the component that has been infused. First,
knowledge of a patient’s blood type is essential. Whenever possible, type-specific RBCs
should be administered. If an animal has received prior transfusion(s), the risk of a trans-
fusion reaction or rejection is increased because of the development of antibodies directed
against glycoprotein moieties on the surface of RBCs. If a prior transfusion has taken place,
the patient’s blood (RBCs and plasma) must be crossmatched with the donor blood (RBCs
and plasma) to make sure that no incompatibility exists. In dogs, if neither blood typing
nor crossmatch procedure is available, or if the emergent situation requires that a transfu-
sion be administered before a blood type or crossmatch can be performed, blood from a
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TABLE 1-4 Blood Component Dose and Administration Rates

Administration rate

Component  Dose Normovolemia Hypovolemia
Whole blood 20 mL/kg will increase Max rate: 22 mL/kg/  Max: 22 mL/kg/
volume by 10% 24 hours hour
Packed red 10 mL/kg will increase Critically ill
blood cells volume by 10% patients (e.g.,

cardiac failure
or renal failure):
3-4 mL/kg/hour
Fresh frozen 10 mL/kg body mass (repeat ~ 4-10 mL/minute or use rates as for
plasma in 2-3 days or in 3-5 days whole blood (infuse within 4-6 hours)

or until bleeding stops);

monitor ACT, APTT, and

PT before and 1 hour after

transfusion
Cryoprecipitate ~ General: 1 unit/10 kg/12 hours  4-10 mL/minute or use rates as for whole
or until bleeding stops blood (infuse within 4-6 hours)

Hemophilia A: 12-20 units
factor VIII/kg; 1 unit of
cryoprecipitate contains
approximately 125 units

of factor VIII
Platelet-rich 1 unit/10 kg (1 unit of 2 mL/minute
plasma platelet-rich plasma will Check platelet count before and 1 hour
increase platelet count after transfusion

1 hour after transfusion
by 10,000/l

ACT, Activated clotting time; APTT, activated partial thromboplastin time; PT; prothrombin time.

universal donor (e.g., DEA 1.1-, 1.2-, and 1.7-negative) should be administered whenever
possible. Because there is no universal donor in the cat and because cats possess naturally
occurring alloantibodies, all cat blood should be typed and crossmatched before any
transfusion. If fresh whole blood is not available, a hemoglobin-based oxygen carrier
(Oxyglobin, 2 to 7 mL/kg IV) can be administered until blood products become available.

TRANSFUSION OF BLooD CoMPONENT PRODUCTS
Table 1-4 indicates blood component dose and administration rates.

Red blood cell component therapy

Blood products should be warmed slowly to 37° C before administering them to the
patient. Blood warmer units are available for use in veterinary medicine to facilitate rapid
transfusion without decreasing patient body temperature (Thermal Angel; Enstill Medical
Technologies, Inc., Dallas, Texas). Red blood cell and plasma products should be adminis-
tered in a blood administration set containing a 170-um in-line filter. Smaller in-line filters
(20 wm) also can be used in cases in which extremely small volumes are to be administered.
Blood products should be administered over a period of 4 hours, whenever possible,
according to guidelines set by the American Association of Blood Banks.

The volume of blood components required to achieve a specific increment in the
patient’s PCV depends largely on whether whole blood or packed RBCs are transfused and
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whether there is ongoing hemorrhage or RBC destruction. Because the PCV of packed
RBCs is unusually high (80% for Greyhound blood), a smaller total volume is required
than whole blood to achieve a comparable increase in the patient’s PCV. In general, 10 mL/kg
of packed RBCs or 20 mL/kg whole blood will raise the recipient’s PCV by 10%. The “Rule
of Ones” states that 1 mL per 1 1b of whole blood will raise the PCV by 1%. If the patient’s
PCV does not raise by the amount anticipated by the foregoing calculation(s), causes of
ongoing hemorrhage or destruction should be considered. The goal of red blood component
therapy is to raise the PCV to 25% to 30% in dogs and 15% to 20% in cats.

If an animal is hypovolemic and whole blood is administered, the fluid is redistributed
into the extravascular compartment within 24 hours of transfusion. This will result in a
secondary rise in the PCV 24 hours after the transfusion in addition to the initial rise 1 to
2 hours after the RBC transfusion is complete.

Use of fresh frozen plasma

The volume of plasma transfused depends largely on the patient’s need. In general, plasma
transfusion should not exceed more than 22 mL/kg during a 24-hour period for normov-
olemic animals. Thaw plasma at room temperature, or place it in a ziplock freezer bag and
run under cool (not warm) water until thawed. Then administer the plasma through a
blood administration set that contains an in-line blood filter or through a standard drip-
type administration set with a detachable in-line blood administration filter. The average
rate of plasma infusion in a normovolemic patient should not exceed 22 mL/kg/hour.
In acute need situations, plasma can be delivered at rates up to 5 to 6 mL/kg/minute.
For patients with cardiac insufficiency or other circulatory problems, plasma infusion rates
should not exceed 5 mL/kg/hour. Plasma or other blood products should not be mixed
with or used in the same infusion line as calcium-containing fluids, including lactated
Ringer’s solution, calcium chloride, or calcium gluconate. The safest fluid to mix with any
blood product is 0.9% sodium chloride.

Administer fresh frozen plasma, frozen plasma, and cryoprecipitate at a volume of
10 mL/kg until bleeding is controlled or source of ongoing albumin loss ceases. The goal
of plasma transfusion therapy is to raise the albumin to a minimum of 2.0 g/dL or until
bleeding stops as in the case of coagulopathies. Monitor the patient to ensure that bleeding
has stopped, coagulation profiles (ACT, APTT, and PT) have normalized, hypovolemia has
stabilized, and/or total protein is normalizing, which are indications for discontinuing
ongoing transfusion therapy.

Use of plasma cryoprecipitate

Plasma cryoprecipitate can be purchased or manufactured through the partial thawing and
then centrifugation of fresh frozen plasma. Cryoprecipitate contains concentrated quanti-
ties of VWE, factor VIII, and fibrinogen and is indicated in severe forms of von Willebrand’s
disease and hemophilia A (factor VIII deficiency).

Platelet-rich plasma

Platelet-rich plasma must be purchased from a commercial source. One unit of fresh whole
blood contains 2000 to 5000 platelets. The viability of the platelets contained in the fresh
whole blood is short-lived, just 1 to 2 hours after transfusion into the recipient. Because
platelet-rich plasma is difficult to obtain, animals with severe thrombocytopenia or throm-
bocytopathia should be treated with immunomodulating therapies and the administration
of fresh frozen plasma.

TRANSFUSION IN Dogs

In dogs, blood and plasma transfusions can be administered intravenously or intraosseously.
The cephalic, lateral saphenous, medial saphenous, and jugular veins are used most
commonly. Fill the recipient set so that the blood in the drip chamber covers the filter
(normal 170-pm filter). With small amounts of blood (50 mL) or critically ill patients, use
a 40-pm filter. Avoid latex filters for plasma and cryoprecipitate administration. Blood can
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be administered at variable rates, but the routine figure of 4 to 5 mL/minute often is used.
Normovolemic animals can receive blood at 22 mL/kg/day. Dogs in heart failure should
receive infusions at no more than 4 mL/kg/hour. Volume is given as needed. To calculate
the approximate volume of blood needed to raise hematocrit levels, use the following
formula for the dog:

Anticoagulated blood volume (mL)
PCV desired — PCV of recipient
PCV of donor in anticoagulant

= Body mass (kg) x 90 X

An alternative formula is the following:

PCV desired — PCV of recipient

2.2 ipi k
X Recipient body mass (kg) x 30 (dog) x PCV of donor in anticoagulant

Surgical emergencies and shock may require several times this volume within a short
period. If greater than 25% of the patient’s blood volume is lost, supplementation with
colloids, crystalloids, and blood products is indicated for fluid replacement. One volume of
whole blood achieves the same increase in plasma as two to three volumes of plasma. If the
patient’s blood type is unknown and type A-negative whole blood is not available, any dog
blood can be administered to a dog in acute need if the dog has never had a transfusion
before. If mismatched blood is given, the patient will become sensitized, and after 5 days,
destruction of the donor RBCs will begin. In addition, any subsequent mismatched trans-
fusions may cause an immediate reaction (usually mild) and rapid destruction of the
transfused RBCs.

The clinical signs of a transfusion reaction typically only are seen when type A blood is
administered to a type A-negative recipient that has been sensitized previously.
Incompatible blood transfusions to breeding females can result in isoimmunization and
in hemolytic disease in the puppies. The A-negative bitch that receives a transfusion with
A-positive and that produces a litter from an A-positive stud can have puppies with neonatal
isoerythrolysis.

TRANSFUSION IN CATS

Cats with severe anemia in need of a blood transfusion are typically extremely depressed,
lethargic, and anorexic. The stress of restraint and handling can push these critically ill
patients over the edge and cause them to die. Extreme gentleness and care are mandatory
in restraint and handling. The critically ill cat should be cradled in a towel or blanket.
Supplemental flow-by or mask oxygen should be administered, whenever possible,
although it may not be clinically helpful until oxygen-carrying capacity is replenished with
infusion of RBCs or hemoglobin.

Blood can be administered by way of cephalic, medial saphenous, or the jugular vein.
Intramedullary infusion is also possible, if vascular access cannot be accomplished. The
average 2- to 4-kg cat can accept 40 to 60 mL of whole blood injected intravenously over a
period of 30 to 60 minutes. Administer filtered blood at a rate of 5 to 10 mL/kg/hour. The
following formula can be used to estimate the volume of blood required for transfusion
in a cat:

Anticoagulated blood volume (mL)
PCV desired — PCV of recipient
PCV of donor in anticoagulant

= Body mass (kg) x 70 X

TRANSFUSION REACTIONS

The exact overall incidence and clinical significance of transfusion reactions in veterinary
medicine are unknown. Several studies have been performed that document the incidence
of transfusion reactions in dogs and cats. Overall, the incidence of transfusion reactions in
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dogs and cats is 2.5% and 2%, respectively. Transfusion reactions can be immune-mediated
and non—-immune-mediated and can happen immediately or can be delayed until after a
transfusion. Acute reactions usually occur within minutes to hours of the onset of transfu-
sion but may occur up to 48 hours after the transfusion has been stopped. Acute immuno-
logic reactions include hemolysis and acute hypersensitivity including RBCs, platelets, and
leukocytes. Signs of a delayed immunologic reaction include hemolysis, purpura, immuno-
suppression, and neonatal isoerythrolysis. Acute nonimmunologic reactions include donor
cell hemolysis before onset of transfusion, circulatory volume overload, bacterial contam-
ination, citrate toxicity with clinical signs of hypocalcemia, coagulopathies, hyperammone-
mia, hypothermia, air embolism, acidosis, and pulmonary microembolism. Delayed
nonimmunologic reactions include the transmission and development of infectious
diseases and hemosiderosis. Clinical signs of a transfusion reaction typically depend on the
amount of blood transfused, the type and amount of antibody involved in the reaction, and
whether the recipient has had previous sensitization.

Monitoring the patient carefully during the transfusion period is essential in recogniz-
ing early signs of a transfusion reaction, including those that may become life threatening.
A general guideline for patient monitoring is first to start the transfusion slowly during the
first 15 minutes. Monitor temperature, pulse, and respiration every 15 minutes for the first
hour, 1 hour after the end of the transfusion, and every 12 hours minimally thereafter. Also
obtain a PCV immediately before the transfusion, 1 hour after the transfusion has been
stopped, and every 12 hours thereafter. Monitor coagulation parameters such as an ACT
and platelet count at least daily in patients requiring transfusion therapy.

The most common documented clinical signs of a transfusion reaction include pyrexia,
urticaria, salivation/ptyalism, nausea, chills, and vomiting. Other clinical signs of a trans-
fusion reaction may include tachycardia, tremors, collapse, dyspnea, weakness, hypotension,
collapse, and seizures. Severe intravascular hemolytic reactions may occur within minutes
of the start of the transfusion, causing hemoglobinemia, hemoglobinuria, disseminated
intravascular coagulation, and clinical signs of shock. Extravascular hemolytic reactions
typically occur later and will result in hyperbilirubinemia and bilirubinuria.

Pretreatment of patients to help decrease the risk of a transfusion reaction remains
controversial, and in most cases, pretreatment with glucocorticoids and antihistamines is
ineffective at preventing intravascular hemolysis and other reactions should they occur.
The most important component of preventing a transfusion reaction is to screen each
recipient carefully and process the donor component therapy carefully before the adminis-
tration of any blood products. Treatment of a transfusion reaction depends on its severity.
In all cases, stop the transfusion immediately when clinical signs of a reaction occur. In
most cases, discontinuation of the transfusion and administration of drugs to stop the
hypersensitivity reaction will be sufficient. Once the medications have taken effect, restart the
transfusion slowly and monitor the patient carefully for further signs of reaction. In more
severe cases in which a patient’s cardiovascular or respiratory system become compromised
and hypotension, tachycardia, or tachypnea occurs, immediately discontinue the transfu-
sion and administer diphenhydramine (1 mg/kg IM), dexamethasone-sodium phosphate
(0.25 to 0.5 mg/kg IV), and epinephrine to the patient. The patient should have a urinary
catheter and central venous catheter placed for measurement of urine output and central
venous pressures. Aggressive fluid therapy may be necessary to avoid renal insufficiency or
renal damage associated with severe intravascular hemolysis. Overhydration with subsequent
pulmonary edema generally can be managed with supplemental oxygen administration
and intravenous or intramuscular administration of furosemide (2 to 4 mg/kg). Plasma
products with or without heparin can be administered for disseminated intravascular
coagulation.

Hemoglobin-based oxygen carriers

Hemoglobin-based oxygen carriers (HBOCs) are currently in the forefront of veterinary
and human transfusion medicine. Stroma-free purified bovine hemoglobin is currently
available for use in dogs and cats when fresh or stored red blood products are unavailable.
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The HBOCs can be stored at room temperature and have a relatively long shelf life
compared with red blood component products. The HBOCs function to carry oxygen
through the blood and can diffuse oxygen past areas of poor tissue perfusion. An additional
characteristic of HBOC:s is as a potent colloid, serving to maintain fluid within the vascular
space. For this reason, HBOCs must be used with caution in euvolemic patients and patients
with cardiovascular insufficiency.
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CENTRAL VENOUS PRESSURE MEASUREMENT

Central venous pressure (CVP) measures the hydrostatic pressure in the anterior vena cava
and is influenced by vascular fluid volume, vascular tone, function of the right side of the
heart, and changes in intrathoracic pressure during the respiratory cycle. The CVP is not a
true measure of blood volume but is used to gauge fluid therapy as a method of determin-
ing how effectively the heart can pump the fluid that is being delivered to it. Thus the CVP
reflects the interaction of the vascular fluid volume, vascular tone, and cardiac function.
Measure CVP in any patient with acute circulatory failure, large volume fluid diuresis
(i.e., toxin or oliguric or anuric renal failure), fluid in-and-out monitoring, and cardiac
dysfunction. The placement of central venous catheters and thus CVP measurements is
contraindicated in patients with known coagulopathies including hypercoagulable states.

To perform CVP monitoring, place a central venous catheter in the right or left jugular
vein. In cats and small dogs, however, a long catheter placed in the lateral or medial saphenous
vein can be used for trends in CVP monitoring. First, assemble the equipment necessary
for jugular catheter (see Vascular Access Techniques for how to place a jugular or saphe-
nous long catheter) and CVP monitoring (Box 1-7). After placing the jugular catheter, take
a lateral thoracic radiograph to ensure that the tip of the catheter sits just outside of the
right atrium for proper CVP measurements (see Figure 1-13).

BOX 1-7 SUPPLIES NEEDED FOR CENTRAL VENOUS PRESSURE MONITORING

Two lengths of intravenous extension tubing
Three-way stopcock

Heparinized 0.9% saline solution

20-mL syringe

Manometer or ruler (centimeter)
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To establish an intravenous catheter for CVP, follow this procedure:

1. Assemble the CVP setup such that the male end of a length of sterile intravenous
catheter extension tubing is inserted into the T port of the jugular or medial/lateral
saphenous catheter. Make sure to flush the length of tubing with sterile saline before
connecting it to the patient to avoid iatrogenic air embolism.

2. Next, insert the male end of a three-way stopcock into the female end of the extension
tubing.

3. Attach a 20-mL syringe filled with heparinized sterile 0.9% saline to one of the female
ports of the three-way stopcock and either a manometer or a second length of
intravenous extension tubing attached to a metric ruler.

4. Lay the patient in lateral or sternal recumbancy.

5. Turn the stopcock OFF to the manometer/ruler and ON to the patient. Infuse a small
amount of heparinized saline through the catheter to flush the catheter.

6. Next, turn the stopcock OFF to the patient and ON to the manometer. Gently flush
the manometer or length of extension tubing with heparinized saline from the syringe.
Use care not to agitate the fluid and create air bubbles within the line or manometer
that will artifactually change the CVP measured.

7. Next, lower the 0 cm point on the manometer or ruler to the level of the patient’s
manubrium (if the patient is in lateral recumbancy) or the point of the elbow (if the
patient is in sternal recumbancy).

8. Turn the stopcock OFF to the syringe, and allow the fluid column to equilibrate with
the patient’s intravascular volume. Once the fluid column stops falling and the level
rises and falls with the patient’s heartbeat, measure the number adjacent to the bottom
of the meniscus of the fluid column. This is the CVP in centimeters of water (see
Figure 1-4).

9. Repeat the measurement several times with the patient in the same position to make
sure that none of the values has been increased or decreased artifactually in error.
Alternately, attach the central catheter to a pressure transducer and perform electronic
monitoring of CVP.

There is no absolute value for normal CVP. The normal CVP for small animal patients
is 0 to 5 cm H,O. Values less than zero are associated with absolute or relative hypovolemia.
Values of 5 to 10 cm H,O are borderline hypervolemia, and values greater than 10 cm H,O
suggest intravascular volume overload. Values greater than 15 cm H,0O may be correlated
with congestive heart failure and the development of pulmonary edema. In individual
patients, the trend in change in CVP is more important than absolute values. As a rule of
thumb, when using CVP measurements to gauge fluid therapy and avoid vascular and
pulmonary overload, the CVP should not increase by more than 5 cm H,O in any 24-hour
period. If an abrupt increase in CVP is found, repeat the measurement to make sure that
the elevated value was not obtained in error. If the value truly has increased dramatically,
temporarily discontinue fluid therapy and consider administration of a diuretic.

Additional Reading

DeLaforcade AM, Rozanski EA: Central venous pressure and arterial blood pressure measurements,
Vet Clin North Am Small Anim Pract 31(6):1163-1174, 2001.

Gookin JL, Atkins CE: Evaluation of the effects of pleural effusion on the central venous
pressure in cats, J Vet Intern Med 13(6):561-563, 1999.

Oakley RE, Olivier B, Eyster GE, et al: Experimental evaluation of central venous pressure
monitoring in the dog, ] Am Anim Hosp Assoc 33:77-82, 1997.

Waddell LS: Direct blood pressure monitoring, Clin Tech Small Anim Pract 15(3):111-118, 2000.

FLUID THERAPY

The diagnosis of intracellular fluid deficit is difficult and is based more on the presence of
hypernatremia or hyperosmolality than on clinical signs. An intracellular fluid deficit is
expected when free water loss by insensible losses and vomiting, diarrhea, or urine is not
matched by free water intake. Consideration of the location of the patient’s fluid deficit,
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TABLE 1-5 Correlation of Clinical Signs with Estimated Percent Dehydration

Clinical signs of interstitial dehydration Percent (%) deficit
History of vomiting and diarrhea, no visible clinical signs of deficit 4%
Dry mucous membranes, mild skin tenting 5%
Increased skin tenting, dry mucous membranes, mild tachycardia,

normal pulse* 7%
Increased skin tenting, dry mucous membranes, tachycardia, weak

pulse pressure 10%
Increased skin tenting, dry corneas, dry mucous membranes, 12%

elevated or decreased heart rate, poor pulse quality, altered
level of consciousness*

*Note: These measures are largely subjective because patients with severe weight loss and loss of
subcutaneous fat and very young and very old animals may have increased skin tenting or sunken
eyes even in the absence of dehydration.

degree and type of acid-base and electrolyte disorders, and the presence of any ongoing
fluid losses should dictate and help guide each patient’s individualized fluid therapy plan
(Table 1-5).

Acip-Base PHYsI0LOGY

Normal pH in dogs and cats ranges from 7.30 to 7.45. The three major mechanisms that
maintain blood pH within a normal physiologic range include buffering systems, respiratory
mechanisms that alter carbon dioxide, and renal (metabolic) mechanisms that retain or
excrete hydrogen and bicarbonate ions. The metabolic contribution to acid-base balance
can be estimated by measuring total carbon dioxide and pH or by calculating the bicarbonate
or base deficit/excess values. Hydrogen and bicarbonate ions have an important influence
on normal structure and function of cellular proteins. Treat acidemia if the bicarbonate is
less than 12 mEq/L, if the pH is less than 7.2, or if the base deficit is less than —10 mEq/L.
Normal bicarbonate concentration is 18 to 26 mEq/L in dogs and 17 to 23 mEq/L in cats
(Boxes 1-8 and 1-9).

BOX 1-8 DIFFERENTIAL DIAGNOSES FOR METABOLIC ALKALOSIS

CHLORIDE RESPONSIVE
Vomiting of stomach contents
Diuretic therapy
Posthypercapnia

CHLORIDE RESISTANT
Primary hyperaldosteronism
Hyperadrenocorticism

ALKALI ADMINISTRATION

Oral administration of sodium bicarbonate or other organic anions (e.g., lactate, citrate,
gluconate, and acetate)

Oral administration of cation exchange resin with nonabsorbable alkali (e.g., phosphorus binder)

MisCELLANEOUS

Refeeding after fasting

High-dose penicillin

Severe potassium or magnesium deficiency

Modified from DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005, Saunders.
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BOX 1-9 DIFFERENTIAL DIAGNOSES FOR METABOLIC ACIDOSIS

INCREASED ANION GAP (NORMOCHLOREMIC)

Ethylene glycol intoxication

Salicylate intoxication

Other rare intoxications (e.g., paraldehyde or methanol)
Diabetic ketoacidosis

Uremic acidosis’

Lactic acidosis

NormAL ANioN GAP (HYPERCHLOREMIC)

Diarrhea

Renal tubular acidosis

Carbonic anhydrase inhibitors (e.g., acetazolamide)
Ammonium chloride

Cationic amino acids (e.g., lysine, arginine, and histidine)
Posthypocapnic metabolic acidosis

Dilutional acidosis (e.g., rapid administration of 0.9% saline)
Hypoadrenocorticism*

Modified from DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005,
Saunders.

*Patients with diabetic ketoacidosis may have some component of hyperchloremic metabolic acidosis along with
increased anion gap acidosis.

"The metabolic acidosis early in renal failure may be hyperchloremic and later may convert to typical increased anion
gap acidosis.

Patients with hypoadrenocorticism typically have hypochloremia because of impaired water excretion, absence of
aldosterone, impaired renal function, and lactic acidosis. These factors prevent manifestation of hyperchloremia.

The respiratory system further contributes to acid-base status by changes in the
elimination of carbon dioxide. Hyperventilation decreases the blood Pco, and causes a
respiratory alkalosis. Hypoventilation increases the blood Pco, and causes a respiratory
acidosis. Depending on the altitude, the Pco, in dogs can range from 32 to 44 mm Hg. In
cats, normal is 28 to 32 mm Hg. Venous Pco, values are 33 to 50 mm Hg in dogs and 33 to
45 mm Hg in cats.

Use a systematic approach whenever attempting to interpret a patient’s acid-base
status. Ideally, obtain an arterial blood sample so that you can monitor the patient’s
oxygenation and ventilation. Once an arterial blood sample has been obtained, follow these
steps:

1. Determine whether the blood sample is arterial or venous by looking at the oxygen
saturation (Sa0,). The SaO, should be greater than 90% if the sample is truly arterial,
although it can be as low as 80% if a patient has severe hypoxemia.

2. Consider the patient’s pH. If the pH is outside of the normal range, an acid-base
disturbance is present. If the pH is within the normal range, an acid-base disturbance
may or may not be present. If the pH is low, the patient is acidotic. If the pH is high,
the patient is alkalotic.

3. Next, look at the base excess or deficit. If the base excess is increased, the patient has
higher than normal bicarbonate. If there is a base deficit, the patient may have a low
bicarbonate or increase in unmeasured anions (e.g., lactic acid or ketoacids).

4. Next, look at the bicarbonate. If the pH is low AND the bicarbonate is low, the patient
has a metabolic acidosis. If the pH is high AND the bicarbonate is elevated, the patient
has a metabolic alkalosis.

5. Next, look at the Paco,. If the patient’s pH is low and the Paco, is elevated, the patient
has a respiratory acidosis. If the patient’s pH is high and the Paco, is low, the patient
has a respiratory alkalosis.

6. Finally, if you are interested in the patient’s oxygenation, look at the Pao,. Normal
Pao, is greater than 80 mm Hg.
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TABLE 1-6 Compensatory Renal and Respiratory Responses in Patients with
Primary Acid-Base Disorders

Disorder Primary change = Compensatory response
Metabolic acidosis LHCO; 0.7 mm Hg decrement in Pco, for each 1 mEq/L
decrement in HCO3
Metabolic alkalosis T HCO; 0.7 mm Hg increment in Pco, for each 1 mEq/L
increment in HCO3;
Acute respiratory T Pco, 1.5 mEq/L increment in HCOj for each
acidosis 10 mm Hg increment in Pco,
Chronic respiratory T Pco, 3.5 mEq/L increment in HCOj for each
acidosis 10 mm Hg increment in Pco,
Acute respiratory 1 Pco, 2.5 mEq/L decrement in HCOj for each
alkalosis 10 mm Hg decrement in Pco,
Chronic respiratory 1 Pco, 5.5 mEq/L decrement in HCOj for each
alkalosis 10 mm Hg decrement in Pco,

From DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005,
Saunders.

TABLE 1-7 Acid-Base Values in Acute Uncompensated Disturbances

Disturbance pH Paco, Sodium bicarbonate
Metabolic acidosis l — i
Metabolic alkalosis 1 — 1
Respiratory acidosis l l —
Respiratory alkalosis 1 4 —

7. Next, you must determine whether the disorders present are primary disorders or an
expected compensation for disorders in the opposing system. For example, is the
patient retaining bicarbonate (metabolic alkalosis) because of carbon dioxide
retention (respiratory acidosis)? Use the chart in Table 1-6 to evaluate whether the
appropriate degree of compensation is occurring. If the adaptive response falls within
the expected range, a simple acid-base disorder is present. If the response falls outside
of the expected range, a mixed acid-base disorder is likely present.

8. Finally, you must determine whether the patient’s acid-base disturbance is compatible
with the history and physical examination findings. If the acid-base disturbance does
not fit with the patient’s history and physical examination abnormalities, question the
results of the blood gas analyses and possibly repeat them.

The most desirable method of assessing the acid-base status of an animal is with a blood
gas analyzer. Arterial samples are preferred over venous samples, with heparin used as an

anticoagulant (Table 1-7).

ELECTROLYTE IMAINTENANCE AND ABNORMALITIES
Potassium

Potassium primarily is located in the intracellular fluid compartment. Serum potassium is
regulated by the actions of the sodium-potassium-adenosinetriphosphatase pump on
cellular membranes, including those of the renal tubular epithelium. Inorganic metabolic
acidosis artifactually can raise serum potassium levels because of redistribution of extra-
cellular potassium in exchange for intracellular hydrogen ion movement in an attempt to
correct serum pH.
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Potassium is one of the major players in the maintenance of resting membrane
potentials of excitable tissue, including neurons and cardiac myocytes. Changes in serum
potassium can affect cardiac conduction adversely. Hyperkalemia lowers the resting
membrane potential and makes cardiac cells, particularly those of the atria, more suscep-
tible to depolarization. Characteristic signs of severe hyperkalemia that can be observed on
an ECG rhythm strip include an absence of P waves, widened QRS complexes, and tall
tented or spiked T waves. Further increases in serum potassium can be associated with
bradycardia, ventricular fibrillation, and cardiac asystole (death). Treatment of hyper-
kalemia consists of administration of insulin (0.25 to 0.5 units/kg, IV regular insulin) and
dextrose (1 g dextrose per unit of insulin administered, followed by 2.5% dextrose IV CRI
to prevent hypoglycemia), calcium (2 to 10 mL of 10% calcium gluconate administered IV
slowly to effect), or sodium bicarbonate (1 mEq/kg, IV slowly). Insulin plus dextrose and
bicarbonate therapy help drive the potassium intracellularly, whereas calcium antagonizes
the effect of hyperkalemia on the myocardial cells. All of the treatments work within
minutes, although the effects are relatively short-lived (20 minutes to 1 hour) unless the
cause of the hyperkalemia is identified and treated appropriately (Box 1-10). Dilution of
serum potassium also results from restoring intravascular fluid volume and correcting
metabolic acidosis, in most cases. Treatment with a fluid that does not contain potassium
(preferably 0.9% sodium chloride) is recommended.

Hypokalemia elevates the resting membrane potential and results in cellular hyper-
polarization. Hypokalemia may be associated with ventricular dysrhythmias, but the ECG
changes are not as characteristic as those observed with hyperkalemia. Causes of
hypokalemia include renal losses, anorexia, gastrointestinal loss (vomiting, diarrhea),
intravenous fluid diuresis, loop diuretics, and postobstructive diuresis (Box 1-11). If the
serum potassium concentration is known, potassium supplementation in the form of
potassium chloride or potassium phosphate can be added to the patient’s intravenous
fluids. Correct serum potassium levels less than 3.0 mEq/L or greater than 6.0 mEq/L.
Potassium rates should not exceed 0.5 mEq/kg/hour (Table 1-8).

Bicarbonate concentration

Metabolic acidosis from bicarbonate depletion often corrects itself with volume restora-
tion in most small animal patients. Patients with moderate to severe metabolic acidosis
may benefit from bicarbonate supplementation therapy. The metabolic contribution to
acid-base balance is identified by measuring the total carbon dioxide concentration or
calculating the bicarbonate concentration. If these measurements are not available, the
degree of expected metabolic acidosis can be estimated subjectively by the severity of
underlying disease that often contributes to metabolic acidosis: hypovolemic or trau-
matic shock, septic shock, diabetic ketoacidosis, or oliguric/anuric renal failure. If the
metabolic acidosis is estimated to be mild, moderate, or severe, add sodium bicarbonate
at 1, 3, and 5 mEq/kg body mass, respectively. Patients with diabetic ketoacidosis may
not require bicarbonate administration once volume replacement and perfusion is
restored, and the ketoacids are metabolized to bicarbonate. If the bicarbonate measurement
of base deficit is known, the following formula can be used as a gauge for bicarbonate
supplementation:

Base deficit x 0.3 = Body mass (kg) = mEq Bicarbonate to administer

Osmolality

Osmolality is measured by freezing point depression or a vapor pressure osmometer, or it
may be calculated by the following formula:

mOsm/kg = 2[(Na*) + (K*)] + BUN/2.8 + Glucose/18

where sodium and potassium are measured in milliequivalents, and BUN and glucose
are measured in milligrams per deciliter. Osmolalities less than 260 mOsm/kg or greater
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BOX 1-10 DIFFERENTIAL DIAGNOSES FOR HYPERKALEMIA

PSEUDOHYPERKALEMIA
Thrombocytosis
Hemolysis

INGREASED INTAKE
Unlikely to cause hyperkalemia in presence of normal renal function unless iatrogenic (e.g.,
continuous infusion of potassium-containing fluids at an excessively rapid rate)

TRANSLOCATION (INTRACELLULAR FLUID TRANSFER TO EXTRACELLULAR FLUID)

Acute mineral acidosis (e.g., hydrochloric acid or ammonium chloride)

Insulin deficiency (e.g., diabetic ketoacidosis)

Acute tumor lysis syndrome

Reperfusion of extremities after aortic thromboembolism in cats with cardiomyopathy
Hyperkalemic periodic paralysis (one case report in a pit bull)

Mild hyperkalemia after exercise in dogs with induced hypothyroidism

Infusion of lysine or arginine in total parenteral nutrition solutions

DRruGs
Nonspecific B-blockers (e.g., propranolol)*
Cardiac glycosides (e.g., digoxin)*

DeCREASED URINARY EXCRETION

Urethral obstruction

Ruptured bladder

Anuric or oliguric renal failure

Hypoadrenocorticism

Selected gastrointestinal disease (e.g., trichuriasis, salmonellosis, or perforated duodenal ulcer)

Late pregnancy in Greyhound dogs (mechanism unknown but affected dogs had gastrointestinal
fluid loss)

Chylothorax with repeated pleural fluid drainage

Hyporeninemic hypoaldosteronism?

Drugs

Angiotensin-converting enzyme inhibitors (e.g., enalapril)*

Angiotensin receptor blockers (e.g., losartan)*

Cyclosporine and tacrolimus*

Potassium-sparing diuretics (e.g., spironolactone, amiloride, and triamterene)*
Nonsteroidal antiinflammatory drugs*

Heparin*

Trimethoprim*

From DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005, Saunders.
*Likely to cause hyperkalemia only in conjunction with other contributing factors (e.g., other drugs, decreased renal
function, or concurrent administration of potassium supplements).

"Not well documented in veterinary medicine.

than 360 mOsm/kg are serious enough to warrant therapy. The difference between the
measured osmolality and the calculated osmolality (the osmolal gap) should be less than
10 mOsm/kg. If the osmolal gap is greater than 20 mOsm/kg, consider the presence of
unmeasured anions such as ethylene glycol metabolites.

Sodium

The volume of extracellular fluid is determined by the total body sodium content, whereas
the osmolality and sodium concentration are determined by water balance. Serum sodium
concentration is an indication of the amount of sodium relative to water in the extra-
cellular fluid and provides no direct information about the total body sodium content.
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BOX 1-11 DIFFERENTIAL DIAGNOSES FOR HYPOKALEMIA

DECREASED INTAKE

Alone unlikely to cause hypokalemia unless diet is aberrant

Administration of potassium-free (e.g., 0.9% sodium chloride or 5% dextrose in water) or potas-
sium-deficient fluids (e.g., lactated Ringer’s solution over several days)

Bentonite clay ingestion (e.g., cat litter)

TRANSLOCATION (EXTRACELLULAR FLUID TRANSFER TO INTRACELLULAR FLUID)
Alkalemia

Insulin/glucose-containing fluids

Catecholamines

Hypothermia

Hypokalemic periodic paralysis (Burmese cats)

Albuterol overdosage

INCREASED Loss
Gastrointestinal (FEg less than 4% to 6%)
Vomiting of stomach contents
Diarrhea
Urinary (fractional excretion of potassium [FEg] greater than 4% to 6%)
Chronic renal failure in cats
Diet-induced hypokalemic nephropathy in cats
Distal (type I) renal tubular acidosis
Proximal (type II) renal tubular acidosis after sodium bicarbonate treatment
Postobstructive diuresis
Dialysis
Mineralocorticoid excess
Hyperadrenocorticism
Primary hyperaldosteronism (adenoma, adenocarcinoma, hyperplasia)

DRruGs

Loop diuretics (e.g., furosemide and ethacrynic acid)

Thiazide diuretics (e.g., chlorothiazide and hydrochlorothiazide)
Amphotericin B

Penicillins

Unknown mechanism

Rattlesnake envenomation

From DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005, Saunders.

TABLE 1-8 Guidelines for Routine Intravenous Potassium Supplementation in
Dogs and Cats

Serum Potassium chloride Potassium chloride Maximal
potassium to add to 250 mL toaddto1L fluid rate
(mEq/L) of fluid (mEq) of fluid (mEq) (mL/kg/hour)*
<2.0f 20 80 6

2.1-2.5 15 60 8

2.6-3.0 10 40 12

3.1-3.5 7 28 18

3.6-5.0 5 20 25

*Maximal rate of potassium supplementation should not exceed 0.5 mEq/kg/hour.
PIf refractory hypokalemia is present, supplement magnesium at 0.75 mEq/kg/day for 24 hours.
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Patients with hyponatremia or hypernatremia may have decreased, normal, or increased
total body sodium content (Boxes 1-12 and 1-13). An increased serum sodium concentra-
tion implies hyperosmolality, whereas a decrease in serum sodium concentration usually,
but not always, implies hypoosmolality. The severity of clinical signs of hypernatremia and
hyponatremia is related primarily to the rapidity of the onset of the change rather than to
the magnitude of the associated plasma hyperosmolality or hypoosmolality. Clinical signs
of neurologic disturbances include disorientation, ataxia, and seizures, and coma may
occur at serum sodium concentrations less than 120 mEq/L or greater than 170 mEq/L
in dogs.

BOX 1-12 DIFFERENTIAL DIAGNOSES FOR HYPONATREMIA

WitH NoRMAL PLASMA OSMOLALITY
Hyperlipemia
Hyperproteinemia

WitH HigH PLasmMA OSMOLALITY
Hyperglycemia
Mannitol infusion

WitH Low PLAsMA OSMOLALITY
And hypervolemia
Severe liver disease
Congestive heart failure
Nephrotic syndrome
Advanced renal failure
And normovolemia
Psychogenic polydipsia
Syndrome of inappropriate antidiuretic
hormone secretion

Antidiuretic drugs
Myxedema coma of hypothyroidism
Hypotonic fluid infusion
And hypovolemia
Gastrointestinal loss
Vomiting
Diarrhea
Third-space loss
Pancreatitis
Peritonitis
Uroabdomen
Pleural effusion (e.g., chylothorax)
Peritoneal effusion
Cutaneous loss
Burns
Hypoadrenocorticism
Diuretic administration

From DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005, Saunders.

BOX 1-13 DIFFERENTIAL DIAGNOSES FOR HYPERNATREMIA

Pure Warter DeFiciT
Primary hypodipsia (e.g., in Miniature
schnauzers)
Diabetes insipidus
Central
Nephrogenic
High environmental temperature
Fever
Inadequate access to water

Hypotonic FLuib Loss
Extrarenal
Gastrointestinal
Vomiting
Diarrhea
Small intestinal obstruction
Third-space loss
Peritonitis
Pancreatitis
Cutaneous
Burns

Renal

Osmotic diuresis

Diabetes mellitus

Mannitol infusion
Chemical diuretics
Chronic renal failure
Nonoliguric acute renal failure
Postobstructive diuresis

IMPERMEANT SOLUTE GAIN
Salt poisoning
Hypertonic fluid administration
Hypertonic saline
Sodium bicarbonate
Parenteral nutrition
Sodium phosphate enema
Hyperaldosteronism
Hyperadrenocorticism

From DiBartola SP: Fluid, electrolyte and acid-base disorders in small animal practice, St Louis, 2005, Saunders.
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Therapy of hypernatremia or hyponatremia with fluid containing low or higher
concentrations of sodium should proceed with caution, for rapid changes (decreases or
increases) of serum sodium and osmolality can cause rapid changes in the intracellular and
extracellular fluid flux, leading to intracellular dehydration or edema, even though the
serum sodium has not been returned to normal. A rule of thumb is to not raise or lower
the serum sodium by more than 15 mEq/L during any one 24-hour period. Restoration of
the serum sodium concentration over a period of 48 to 72 hours is better. In almost all
circumstances, an animal will correct its sodium balance with simple fluid restoration. If
severe hypernatremia exists that suggests a free water deficit, however, the free water deficit
should be calculated from the following formula:

Free water deficit = 0.4 X Body mass (kg) x {[(Plasma sodium)/140] — 1}

Hypernatremia can be corrected slowly with 0.45% sodium chloride plus 2.5%
dextrose, 5% dextrose in water, or lactated Ringer’s solution (sodium content: 130 mEq/L).
Correct hyponatremia initially with 0.9% sodium chloride.

Anion gap

Sodium is balanced predominantly by chloride and bicarbonate. The difference between
these concentrations, (Na*) — [(Cl") + (HCO3)], has been called the anion gap. The normal
anion gap is between 12 and 25 mEq/L. When the anion gap exceeds 25, consider the possi-
bility of an accumulation of unmeasured anions (e.g., lactate, ketoacids, phosphate, sulfate,
ethylene glycol metabolites, and salicylate). Abnormalities in the anion gap may be helpful
in determining the cause of metabolic acidosis (Boxes 1-14 and 1-15).

Oncotic PRESSURE

The colloid oncotic pressure of blood is associated primarily with large-molecular-weight
colloidal substances in circulation. The major player in maintaining intravascular and
interstitial oncotic pressure, the water-retaining property of each fluid compartment, is
albumin. Albumin contributes roughly 80% to the colloidal oncotic pressure of blood. The
majority of albumin is located within the interstitial space. Hypoalbuminemia can result
from increased loss in the form of protein-losing enteropathy or nephropathy and wound
exudates, or it may be due to lack of hepatic albumin synthesis. Serum albumin pools are

BOX 1-14 DECREASED ANION GAP

Myeloma (immunoglobulin G)
Hypoalbuminemia

Dilutional from crystalloid fluid administration
Potassium bromide therapy
Pseudohyponatremia

BOX 1-15 [INCREASED ANION GAP

¢ Follow the mnemonic A MUD PILE:
o Aspirin (salicylates)

e Methanol

e Uremia

e Diabetic ketoacidosis

e Phosphate, Paraldehyde

¢ Indomethacin

e Lactic acidosis

o Ethylene glycol intoxication
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in a constant flux with interstitial albumin. Once interstitial albumin pools become
depleted from replenishing serum albumin, serum albumin levels can continue to decrease,
which can lead to a decrease in colloidal oncotic pressure. Serum albumin less than 2.0 g/dL
has been associated with inadequate intravascular fluid retention and the development of
peripheral edema and third spacing of fluid. Oncotic pressure can be restored with the use
of artificial or synthetic colloids or natural colloids (see Colloids).

MAINTENANCE FLUID REQUIREMENTS

Maintenance fluid requirements have been extrapolated from the formulas used to
calculate a patient’s daily metabolic energy requirements because it takes 1 mL of water
to metabolize 1 Kcal of energy (Table 1-9). The patient’s daily metabolic water (fluid)
requirements can be calculated by the following formula:

Fluid (mL) = [30 X Body mass (kg)] + 70

Administration of an isotonic crystalloid fluid for maintenance requirements often can
produce iatrogenic hypokalemia. In most cases, supplemental potassium must be added to
prevent hypokalemia resulting from inappetance, kalliuresis, and supplementation with
isotonic crystalloid fluids.

CALcuLaTion oF FLuip DericiTs AND ONGOING LOSSES

The most reliable method of determining the degree of fluid deficit is by weighing the
animal and calculating acute weight loss. Acute weight loss in a patient with volume loss in
the form of vomiting, feces, wound exudates, and urine is due to fluid loss and not loss of
muscle or fat. Lean body mass normally is not gained or lost rapidly enough to cause major
changes in body weight. One milliliter of water weighs approximately 1 g. This fact allows
calculation of the patient’s fluid deficit, if ongoing losses can be measured. When a patient
first presents, however, the body weight before a fluid deficit has occurred rarely is known.
Instead, one must rely on subjective measures of dehydration to estimate the patient’s
percent dehydration and to calculate the volume of fluid required to rehydrate the patient
over the next 24 hours. To calculate the volume deficit, use the following formula:

Body mass (kg) x (% dehydration) x 1000 = Fluid deficit (mL)

The patient’s fluid deficit must be added to the daily maintenance fluid requirements
and administered over a 24-hour period. Ongoing losses can be determined by measuring
urine output, weighing the patient at least 2 to 3 times a day, and measuring the volume or
weight of vomitus or diarrhea.

CRysTALLOID AND GoLLoiD FLuiDs
Crystalloid fluids

A crystalloid fluid contains crystals of salts with a composition similar to that of the extra-
cellular fluid space and can be used to maintain daily fluid requirements and replace fluid
deficits or ongoing fluid losses (Table 1-10). Metabolic, acid-base, and electrolyte imbal-
ances also can be treated with isotonic fluids with or without supplemental electrolytes and
buffers. Depending on the patient’s clinical condition, choose the specific isotonic crystal-
loid fluid to replace and maintain the patient’s acid-base and electrolyte status (Table 1-11).
Crystalloid fluids are readily available, are relatively inexpensive, and can be administered
safely in large volumes to patients with no preexisting cardiac or renal disease or cerebral
edema. Following infusion, approximately 80% of the volume of a crystalloid fluid infused
will redistribute to the interstitial fluid compartment. As such, crystalloid fluids alone are
ineffective for ongoing intravascular volume depletion when given as a bolus. The crystal-
loid fluid bolus must be followed by a constant rate infusion, taking into consideration the
patient’s daily maintenance fluid requirements and ongoing fluid losses. Administration
of a large volume of crystalloid fluids can cause dilutional anemia and coagulopathies.
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TABLE 1-9 Approximate Daily Energy and Water Requirements of Dogs and
Cats Based on Body Mass*

Body mass (kg) Total energy (Kcal) per day Total water (mL) per hour
1 100 4.2
2 130 5.4
3 160 6.7
4 190 7.9
5 220 9.2
6 250 10.4
7 280 11.7
8 310 12.9
9 340 14.2

10 370 15.4
11 400 16.7
12 430 17.9
13 460 19.2
14 490 20.4
15 520 21.7
16 550 22.9
17 580 24.2
18 610 254
19 640 26.7
20 670 27.9
21 700 29.2
22 730 30.4
23 760 31.7
24 790 32.9
25 820 34.2
26 850 35.4
27 880 36.7
28 910 37.9
29 940 39.2
30 970 40.4
35 1120 46.7
40 1270 52.9
45 1420 59.2
50 1570 65.4
55 1720 71.7
60 1870 77.9
65 2020 84.2
70 2170 90.4
75 2320 96.7
80 2470 102.9
85 2620 109.2
90 2770 115.4
95 2920 121.7
100 3070 127.9

*30 X BWyq + 70 = Kcal/day = mL/day. Note: This formula will slightly underestimate the require-
ments for patients that are less than 2 kg and will slightly overestimate the requirements for patients
greater than 70 kg.
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TABLE 1-10 Electrolyte Composition (mEq/L) of Commonly Used Isotonic and
Hypotonic Crystalloid Fluids

0.9% Saline  0.45% NaCl Lactated Ringer’s Normosol-R

Sodium 154 77 130 140
Chloride 154 77 109 98
Potassium 0 0 4 5
Calcium 0 0 3 0
Magnesium 0 0 0 3

pH 7.386 5.7 6.7 7.4
Buffer None None Lactate 28 Acetate 27

Gluconate 23

TABLE 1-11 Indications for Use of Specific Crystalloid Fluids in Specific
Disease Processes

Crystalloid fluid Indications
Lactated Ringer’s solution Hypocalcemia, to replace dehydration deficit, metabolic
acidosis, use as a maintenance fluid, renal failure
Plasmalyte-M and Normosol-R* To replace dehydration deficit, metabolic acidosis,
hypomagnesemia
Use as a maintenance fluid, renal failure
0.45% sodium chloride + 2.5% Cardiac disease, hepatic failure, hypernatremia
dextrose
5% dextrose in water Cardiac disease, hepatic failure, hypernatremia
0.9% sodium chloride Conditions associated with hypercalcemia and

hyperkalemia (e.g., hypoadrenocorticism, vitamin D
toxicity, renal failure, and various neoplasias)

*Abbott Laboratories, Abbott Park, Illinois.

Obtain the patient’s hematocrit before fluid infusion and regularly during the course of
fluid therapy, particularly in patients with preexisting anemia or hypoproteinemia.

Colloids

A colloid is a large-molecular-weight particle that acts as an effective volume expander by
drawing fluid from the interstitial fluid compartment into the intravascular space. When
administered with a crystalloid, a colloid serves to hold or retain the crystalloid fluid within
the vascular space for a longer time than if the crystalloid fluid were administered alone.
Because of this property, colloids can promote better tissue perfusion at lower infusion
volumes and equivalent colloid oncotic pressures and mean blood pressures than crystal-
loids. Administer the synthetic colloids in incremental boluses of 5 to 10 mL/kg over 5 to
15 minutes during the treatment of hypotension. When synthetic colloids are administered
for maintenance of colloidal oncotic pressure in hypoalbuminemic/hypoproteinemic patients,
the recommended dose is 20 to 30 mL/kg/day as a constant rate infusion. Because colloids
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retain fluid in the vascular space, the volume of crystalloid fluid infused (maintenance +
deficit + ongoing losses) should be decreased by 25% to 50% to avoid vascular volume
overload.

Two major classes of colloids exist: natural and synthetic. Natural colloids (whole
blood, packed RBCs, plasma) are discussed elsewhere in this text. Concentrated human
albumin is a natural purified colloid that recently has become more popular in the treat-
ment of advanced hypoalbuminemia and hypoproteinemia and will be discussed here.
Synthetic colloids are starch polymers and include dextrans and hetastarch.

Concentrated human albumin is available as a 5% or 25% solution. The 5% solution
has an osmolality similar to that of serum (308 mOsm/L), whereas the 25% solution is
hyperoncotic (1500 mOsm/L). A 25% albumin solution draws fluid from the interstitial
space into the intravascular space. Concentrated albumin solutions often are used to
restore circulating volume when synthetic colloids are not available. Albumin not only is
important at maintaining the colloidal oncotic pressure of blood but also serves as a valu-
able free-radical scavenger and carrier of drugs and hormones necessary for normal tissue
function and healing. Albumin levels less than 2.0 g/dL have been associated with increased
morbidity and mortality. Concentrated human albumin solutions can be administered as
an effective method of restoring interstitial and serum albumin concentrations in situa-
tions of acute and chronic hypoalbuminemia. Albumin (25%) is available in 50- and 100-mL
vials and is more cost-efficient as an albumin replacement than procurement and adminis-
tration of fresh frozen plasma. Recommended albumin infusion rates are 2 to 5 mL/kg over
4 hours, after pretreatment with diphenhydramine. Although concentrated human albumin
is structurally similar to canine albumin, closely monitor the patient for signs of allergic
reaction during and after the infusion.

Dextran-70 is a synthetic high-molecular-weight polysaccharide (sucrose polymer)
with a molecular weight of 70,000 D. Particles less than 50,000 D, are cleared rapidly by the
kidneys, whereas larger particles are cleared more slowly by the hepatic reticuloendothelial
system. Dextran-70 can coat platelets and inhibit platelet function and so must be used
with caution in patients with known coagulopathies. The total daily dosage should not
exceed 40 mL/kg/day.

Hetastarch (hydroxyethyl starch) is a large-molecular-weight amylopectin polymer, has
molecules with a molecular weight that exceeds 100,000 D, and has an average half-life of
24 to 36 hours in circulation. Hetastarch can bind with vWF and cause prolongation of the
ACT and APTT; however, it does not cause a coagulopathy. Recommended rates of
hetastarch infusion are 5- to 10-mL incremental boluses for the treatment of hypotension
and 20 to 30 mL/kg/day as a constant rate infusion for maintenance of colloidal oncotic
pressure.

IMPLEMENTING THE FLUID THERAPY PLAN

Many are the acceptable ways to administer the fluids prescribed for each patient based on
the degree of dehydration, estimation of ongoing losses, ability to tolerate oral fluid, and
metabolic, acid-base, and electrolyte derangements. Administer the fluids in a manner that
is best for the patient and most appropriate for the practice.

To determine the rate of intravenous fluid infusion, take the total volume of fluids that
have been prescribed and divide the total volume by the total number of hours in a day that
intravenous fluids can be delivered safely and monitored. The safest and most accurate way
to deliver intravenous fluids, particularly in extremely small animals or those with conges-
tive heart failure, is through an intravenous fluid pump. Fluid should not be administered
intravenously if the patient cannot be monitored to make sure that the fluids are being
delivered at a safe rate and that the fluid line has not become disconnected.

Supplement fluids over as many hours as possible to allow the patient as much time as
possible to redistribute and fully utilize the fluids administered. Fluids administered too
quickly can cause a diuresis to occur, such that the majority of the fluids administered
will be excreted in the urine. If time is limited or if extra time is needed for safe admin-
istration of fluids, consider using a combination of intravenously and subcutaneously
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administered fluids. Intravenous is the preferred route of administration of fluids in any
patient with dehydration and hypovolemia. As intravascular volume depletion occurs,
reflex peripheral vasoconstriction occurs to restore core perfusion. The subcutaneous
tissue are not perfused well and therefore fluids administered subcutaneously will not be
absorbed well into the interstitial and intravascular spaces. Subcutaneously administered
fluids can be absorbed slowly and delivered effectively in the management of mild intersti-
tial dehydration and in the treatment of renal insufficiency. Subcutaneously administered
fluids should never take the place of intravenously administered fluids in a hypovolemic
patient or one with severe interstitial dehydration.

Intramedullary (intraosseous) infusion works well in small patients in which vascular
access cannot be established. Shock doses of fluids and other substances, including blood
products, can be administered under pressure through an intraosseous cannula. Because of
the inherent discomfort and risk of osteomyelitis with intraosseous infusion, establish
vascular access as soon as possible.

RATES OF ADMINISTRATION

The safest and most efficient method of intravenous fluid infusion is through a fluid pump.
In cases in which a fluid pump is unavailable, infusion by gravity feed is the next option.
Infusion sets from various manufacturers have calibrated drip chambers such that a specific
number of drops will equal 1 mL of fluid. Fluid rates can be calculated based on the number
of drops that fall into the drip chamber per minute:

Fluid volume to be infused (mL) _

Number of hours available mL/hour

Many pediatric drip sets deliver 60 drops/mL, such that milliliters/hour equals drops/
minute. Carefully record fluid orders so that the volume to be administered is recorded
as milliliters/hour, milliliters/day, and drops/minute. This will allow personnel to detect
major discrepancies and calculation errors more readily. The volume actually delivered
should be recorded in the record by nursing personnel. All additives should be listed clearly
on the bottle on a piece of adhesive tape or a special label manufactured for this purpose.
A strip of adhesive tape also can be attached to the bottle and marked appropriately to
provide a quick visualization of the estimate of volume delivered.

Additional Reading

Greco DS: The distribution of body water and general approach to the patient, Vet Clin North
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Educ Pract Vet 19(6):705-716, 1997.
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Otto CM, McCall-Kauffman G, Crowe DT: Intraosseous infusion of fluids and therapeutics,
Compend Contin Educ Pract Vet 11:421-430, 1989.

Rozanski E, Rondeau M: Choosing fluids in traumatic hypovolemic shock: the role of crystal-
loids, colloids and hypertonic saline, ] Am Anim Hosp Assoc 38(6):499-501, 2002.

Rudloff E, Kirby R: Colloid and crystalloid resuscitation, Vet Clin North Am Small Anim Pract
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OROGASTRIC LAVAGE

Orogastric lavage is indicated for gastric decontamination of most types of toxins, for elim-
ination of food during food bloat, and for gastric decompression during surgery for gastric
dilatation-volvulus syndrome (GDV). Equipment needed to perform an orogastric lavage
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includes a large-bore flexible orogastric lavage tube, permanent marker or white tape,

lubricating jelly, warm water, two large buckets, a roll of 2-inch white tape, and a manual

lavage pump.
To perform the orogastric lavage, follow this procedure:

1. Place all animals under general anesthesia with a cuffed endotracheal tube in place to
protect the airway and prevent aspiration of gastric contents into the lungs.

2. Place a roll of 2-inch white tape into the animal’s mouth, and secure the tape around
the muzzle. You will insert the tube through the hole in the center of the roll of tape.

3. Next, place the distal end of the tube at the level of the last rib, directly adjacent to the
animal’s thorax and abdomen. Measure the length of the tube from the most distal
end to the point where it comes out of the mouth, and label this location on the tube
with a permanent marker or piece of white tape.

4. Lubricate the distal portion of the tube, and gently insert it through the roll of tape in
the animal’s mouth.

5. Gently push the tube down the esophagus. Palpate the tube within the esophagus. Two
tubes should be palpable, the orogastric tube, and the patient’s trachea. Push the tube
down into the stomach. You can verify location by blowing into the proximal end of
the tube and simultaneously auscultating the stomach for borborygmi.

6. Insert the manual pump to the proximal end of the tube, and instill the warm water.
Alternate instilling water with removal of fluid and gastric debris by gravity. Repeat
the process until the efflux fluid is clear of any debris.

7. Save fluid from the gastric efflux fluid for toxicologic analyses.

Additional Reading

Hackett TB: Emergency approach to intoxications, Clin Tech Small Anim Pract 15(2):82-87,
2000.

OXYGEN SUPPLEMENTATION

Hypoxia, or inadequate tissue oxygenation, is the primary reason for supplemental oxygen
therapy. Major causes of hypoxia include hypoventilation, ventilation-perfusion mismatch,
physiologic or right-to-left cardiac shunt, diffusion impairment, and decreased fraction of
inspired oxygen (Table 1-12). Inadequate tissue perfusion caused by low cardiac output or
vascular obstruction also can result in circulatory hypoxia. Finally, histiocytic hypoxia
results from inability of cells to use oxygen that is delivered to them. This form of hypoxia
can be observed with various toxin ingestions (bromethalin, cyanide) and in septic shock.

TABLE 1-12 Types of Hypoxia and Response to Oxygen Supplementation

Type of hypoxia Cause Response to oxygen
Hypoxic hypoxia
Alveolar Central nervous system disease, drugs, Responsive
hypoventilation rib fractures, thoracic cage damage,
pneumothorax, pleural effusion
Arteriovenous Pneumonia, atelectasis Partially responsive
(physiologic) shunt
Diffusion Pneumonia, pulmonary edema, Responsive
impairment fibrosis, emphysema
Decreased F10, Smoke inhalation, altitude Responsive
Histiocytic hypoxia Septic shock, toxins Not very responsive
Circulatory hypoxia Low cardiac output, vascular Responsive

obstruction
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A patient’s oxygenation status can be monitored invasively by drawing of arterial blood
gas samples or noninvasively through pulse oximetry, in most cases (see Acid-Base
Physiology and Pulse Oximetry). Inspired air at sea level has a Po, of 150 mm Hg. As the
air travels through the upper respiratory system to the level of the alveolus, the Po, drops
to 100 mm Hg. Tissue oxygen saturation in a normal healthy animal is 95 mm Hg. After
oxygen has been delivered to the tissues, the oxygen left in the venous system (Pvo,) is
approximately 40 mm Hg.

Normally, oxygen diffuses across the alveolar capillary membrane and binds reversibly
with hemoglobin in RBCs. A small amount of oxygen is carried in an unbound diffusible
form in the plasma. When an animal has an adequate amount of hemoglobin and hemo-
globin becomes fully saturated while breathing room air, supplemental oxygen administra-
tion will only increase the SaO, a small amount. The unbound form of oxygen dissolved in
plasma will increase. If, however, inadequate hemoglobin saturation is obtained by breath-
ing room air, as in a case of pneumonia or pulmonary edema, for example, breathing a
higher fraction of inspired oxygen (F10,) will improve bound and unbound hemoglobin
levels. The formula for calculating oxygen content of arterial blood is as follows:

Cao, = (1.34 x [Hb] x Sa0,) + (0.003 x Pao,)

where Cao, is the arterial oxygen content, 1.34 is the amount of oxygen that can be carried
by hemoglobin (Hb), Sao, is the hemoglobin saturation, and 0.003 X Pao, is the amount
of oxygen dissolved (unbound) in plasma.

Dissolved oxygen actually contributes little to the total amount of oxygen carried in the
arterial blood, and the majority depends on the amount or availability of hemoglobin and
the ability of the body (pH and respiratory status) to saturate the hemoglobin at the level
of the alveoli.

INDICATIONS FOR OXYGEN THERAPY

Oxygen therapy is indicated whenever hypoxia is present. The underlying cause of the
hypoxia also must be identified and treated, for chronic, lifelong oxygen therapy is rarely
feasible in veterinary patients. If hemoglobin levels are low due to anemia, oxygen supple-
mentation must occur along with RBC transfusions to increase hemoglobin mass. Whenever
possible, use arterial blood gas analyses or pulse oximetry to gauge a patient’s response to
oxygen therapy and to determine when an animal can be weaned from supplemental
oxygen.

The goal of oxygen therapy is to increase the amount of oxygen bound to hemoglobin
in arterial blood. Oxygen supplementation can be by hood, oxygen cage or tent, nasal or
nasopharyngeal catheter, or tracheal tube. In rare cases, administration of oxygen with
mechanical ventilation may be indicated.

Administration of supplemental oxygen to patients with chronic hypoxia is sometimes
necessary but also dangerous. With chronic hypoxia the patient develops a chronic respira-
tory acidosis (elevated Paco,) and depends almost entirely on the hypoxic ventilatory
drive to breathe. Administration of supplemental oxygen increases Pao, and may inhibit
the central respiratory drive, leading to hypoventilation and possibly respiratory arrest.
Therefore, closely monitor animals with chronic hypoxia that are treated with supplemental

oxygen.

OxyGen Hoop

Oxygen hoods can be purchased from commercial sources or can be manufactured in
the hospital using a rigid Elizabethan collar, tape, and plastic wrap. To make an oxygen
hood, place several lengths of plastic wrap over the front of the Elizabethan collar and tape
them in place. Leave the ventral third of the collar open to allow moisture and heat to dissi-
pate and carbon dioxide to be eliminated. Place a length of flexible oxygen tubing under
the patient’s collar into the front of the hood, and run humidified oxygen at a rate of 50
to 100 mL/kg/minute. Animals may become overheated with an oxygen hood in place.
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Carefully monitor the patient’s temperature so that iatrogenic hyperthermia does not
occur.

OxyGeN CAGE

Commercially available plexiglass oxygen cages can be purchased from a variety of manu-
facturers. The best units include a mechanical thermostatically controlled compressor
cooling unit, a circulatory fan, nebulizers or humidifiers to moisten the air, and a carbon
dioxide absorber. Alternately, a pediatric (infant) incubator can be purchased from hospi-
tal supply sources, and humidified oxygen can be run into the cage at 2 to 10 L/minute
(depending on the size of the cage). High flow rates may be required to eliminate nitrogen
and carbon dioxide from the cage. In most cases, the F10, inside the cage reaches 40% to
50% using this technique. Disadvantages of using an oxygen cage are high consumption/
use of oxygen, rapid decrease in the F10, within the cage whenever the cage must be opened
for patient treatments, lack of immediate access to the patient, and potential for iatrogenic
hyperthermia.

NAsAL 0R NASOPHARYNGEAL OXYGEN

One of the most common methods for oxygen supplementation in dogs is nasal or
nasopharyngeal oxygen catheters:

1. To place a nasal or nasopharyngeal catheter, obtain a red rubber catheter (8F to 12F,
depending on the size of the patient).

a. For nasal oxygen supplementation, measure the distal tip of the catheter from the
medial canthus of the eye to the tip of the nose.

b. For nasopharyngeal oxygen supplementation, measure the catheter from the
ramus of the mandible to the tip of the nose.

2. Mark the tube length at the tip of the nose with a permanent marker.

3. Instill topical anesthetic such as proparacaine (0.5%) or lidocaine (2%) into the
nostril before placement.

4. Place a stay suture adjacent to (lateral aspect) the nostril while the topical anesthetic
is taking effect.

5. Lubricate the tip of the tube with sterile lubricant.

6. Gently insert the tube into the ventral medial aspect of the nostril to the level made
with the permanent marker. If you are inserting the tube into the nasopharynx, push
the nasal meatus dorsally while simultaneously pushing the lateral aspect of the
nostril medially to direct the tube into the ventral nasal meatus and avoid the
cribriform plate.

7. Once the tube has been inserted to the appropriate length, hold the tube in place
with your fingers adjacent to the nostril, and suture the tube to the stay suture. If the
tube is removed, you can cut the suture around the tube and leave the stay suture in
place for later use, if necessary.

8. Suture or staple the rest of the tube dorsally over the nose and in between the eyes to
the top of the head, or laterally along the zygomatic arch.

9. Attach the tube to a length of flexible oxygen tubing, and provide humidified oxygen
at 50 to 100 mL/kg/minute.

10. Secure an Elizabethan collar around the patient’s head to prevent the patient from
scratching at the tube and removing it.

IMECHANICAL VENTILATION

The Rule of 60s states that if a patient’s PaO, is less than 60 mm Hg, or if the PaCO, is
60 mm Hg, mechanical ventilation should be considered. For mechanical ventilation, anes-
thetize the patient and intubate the patient with an endotracheal tube. Alternately, a
temporary tracheostomy can be performed and the patient can be maintained on a plane
of light to heavy sedation and ventilated through the tracheostomy site. This method,
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although technically more invasive initially, allows the patient to be awake despite requiring
mechanical ventilation.

Additional Reading

Camp-Palau MA, Marks SL, Cornick JL: Small animal oxygen therapy, Compend Contin Educ
Pract Vet 21(7):587-597, 1999.

Drobatz K, Hackner S, Powell S: Oxygen supplementation. In Bonagura JD, editor: Current
veterinary therapy XII. Small animal practice, Philadelphia, 1995, WB Saunders.

Dunphy EA, Mann FA, Dodam JR, et al: Comparison of unilateral versus bilateral nasal catheters
for oxygen administration in dogs, ] Vet Emerg Crit Care 12(4):245-251, 2002.

Marks SL: Nasal oxygen insufflation, ] Am Anim Hosp Assoc 35(5):366-367, 1999.

PULSE OXIMETRY

A noninvasive means of determining oxygenation is through the use of pulse oximetry.
A pulse oximeter uses different wavelengths of light to distinguish characteristic differ-
ences in the properties of the different molecules in a fluid or gas mixture, in this case,
oxygenated (oxyhemoglobin) and deoxygenated hemoglobin (deoxyhemoglobin) in pulsatile
blood. The process is termed pulse oximetry.

Oxyhemoglobin and deoxyhemoglobin are different molecules that absorb and reflect
different wavelengths of light. Oxyhemoglobin absorbs light in the infrared spectrum, allow-
ing wavelengths of light in the red spectrum to transmit through it. Conversely, deoxyhe-
moglobin absorbs wavelengths of the red spectrum and allows wavelengths in the infrared
spectrum to transmit through the molecule. The spectrophotometer in the pulse oximeter
transmits light in the red (660 nanometers) and infrared (920 nanometers) spectra. The
different wavelengths of light are transmitted across a pulsatile vascular bed and are
detected by a photodetector on the other side. The photodetector processes the amount of
light of varying wavelengths that reaches it, then transmits an electrical current to a processor
that calculates the difference in the amount of light originally transmitted and the amount
of light of similar wavelength that actually reaches the photodetector. The difference in
each reflects the amount of light absorbed in the pulsatile blood and can be used to calculate
the amount or ratio of oxyhemoglobin to deoxyhemoglobin in circulation, or the functional
hemoglobin saturation by the formula:

$a0, = HbO,/HbO, + Hb

where HbO, is oxygenated hemoglobin, and Hb is deoxygenated hemoglobin. Four
molecules of oxygen reversibly bind to hemoglobin for transport to the tissues. Carbon
monoxide similarly binds to hemoglobin and forms carboxyhemoglobin, a molecule that
is detected similarly as oxygenated hemoglobin. Thus Sao, as detected by a pulse oximeter
is not reliable if carboxyhemoglobin is present.

In most cases, pulse oximetry or Sao, corresponds reliably to the oxyhemoglobin
dissociation curve. Oxygen saturation greater than 90% corresponds to a Pao, greater than
60 mm Hg. Above this value, large changes in Pao, are reflected in relatively small changes
in Sao,, making pulse oximetry a relatively insensitive method of determining oxygenation
status when Pao, is normal.

Because pulse oximetry measures oxygenated versus nonoxygenated hemoglobin in
pulsatile blood flow, it is fairly unreliable when severe vasoconstriction, hypothermia,
shivering or trembling, or excessive patient movement are present. Additionally, increased
ambient lighting and the presence of methemoglobin or carboxyhemoglobin also can
cause artifactual changes in the Sao,, and thus the measurement is not reliable or accurate.
Most pulse oximeters also display a waveform and the patient’s heart rate. If the photo-
detector does not detect a good quality signal, the waveform will not be normal, and the
heart rate displayed on the monitor will not correlate with the patient’s actual heart rate.
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CAPNOMETRY (END-TIDAL CARBON DIOXIDE MONITORING)

The efficiency of ventilation is evaluated using the Paco, value on an arterial blood gas
sample. Alternatively, a noninvasive method to determine end-tidal carbon dioxide is
through use of a capnograph. The science of capnometry uses a spectrophotometer to
measure carbon dioxide levels in exhaled gas. The capnometer is placed in the expiratory
limb of an anesthetic circuit. A sample of exhaled gas is aliquoted from the breath, and an
infrared light source is passed across the sample. A photodetector on the other side of the
sample flow measures the amount or concentration of carbon dioxide in the sample of
expired gas. The calculated value is displayed as end-tidal carbon dioxide. This value also
can be displayed as a waveform.

When placed in graphic form, a waveform known as a capnograph is displayed
throughout the ventilatory cycle. Normally, at the onset of exhalation, the gas exhaled into
the expiratory limb of the tubing comes from the upper airway or physiologic dead space
and contains relatively little carbon dioxide. As exhalation continues, a steep uphill slope
occurs as more carbon dioxide is exhaled from the bronchial tree. Near the end of exhala-
tion, the capnogram reaches a plateau, which most accurately reflects the carbon dioxide
level at the level of the alveolus. Because carbon dioxide diffuses across the alveolar base-
ment membrane so rapidly, this reflects arterial carbon dioxide levels. If a plateau is not
reached and notching of the waveform occurs, check the system for leaks. If the baseline
waveform does not reach zero, the patient may be rebreathing carbon dioxide or may be
tachypneic, causing physiologic positive end-expiratory pressure. The soda-sorb in the
system should be replaced if it has expired. Conversely, low end-tidal carbon dioxide may
be associated with a decrease in perfusion or blood flow. Decreased perfusion can be
associated with low end-tidal carbon dioxide values, particularly during cardiopul-
monary cerebral resuscitation. End-tidal carbon dioxide levels are one of the most accurate
predictors of the efficacy of cardiopulmonary cerebral resuscitation and patient outcome.
Additionally, the difference between arterial carbon dioxide levels (Paco,) and end-tidal
carbon dioxide can be used to calculate dead-space ventilation. Increases in the difference
also occur with poor lung perfusion and pulmonary diffusion impairment.

Additional Reading

Day TK: Blood gas analysis, Vet Clin North Am Small Anim Pract 32:1031-1048, 2002.

Hackett TB: Pulse oximetry and end-tidal carbon dioxide monitoring, Vet Clin North Am Small
Anim Pract 32:1021-1029, 2002.

Hendricks JC, King LG: Practicality, usefulness, and limits of pulse oximetry in critical small
animal patients, ] Vet Emerg Crit Care 3:5-12, 1993.

Marino PL: Oximetry and capnography. In The ICU book, ed 2, Baltimore, 1998, Williams &
Wilkins.

Proulx J: Respiratory monitoring: arterial blood gas analysis, pulse oximetry, and end-tidal
carbon dioxide analysis, Clin Tech Small Anim Pract 14:227-230, 1999.

Wright B, Hellyer PW: Respiratory monitoring during anesthesia: pulse oximetry and capnog-
raphy, Compend Contin Educ Pract Vet 18:1083-1097, 1996.

THORACOCENTESIS

Thoracocentesis refers to the aspiration of fluid or air from within the pleural space.
Thoracocentesis may be diagnostic to determine whether air or fluid is present and to char-
acterize the nature of the fluid obtained. Thoracocentesis also can be therapeutic when
removing large volumes of air or fluid to allow pulmonary reexpansion and correction of
hypoxemia and orthopnea.
To perform thoracocentesis, follow this procedure:
. First, assemble the equipment necessary (Box 1-16).
. Next, clip a 10-cm square in the center of the patient’s thorax on both sides.
. Aseptically scrub the clipped area.
. Ideally, thoracocentesis should be performed within the seventh to ninth intercostal
space. Rather than count rib spaces in an emergent situation, visualize the thoracic

N =
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BOX 1-16 EQUIPMENT REQUIRED FOR THORACOCENTESIS

e 22- to 20-inch over-the-needle catheters or hypodermic needles
o 60-mL catheter-tipped syringe

e Intravenous extension tubing

o Three-way stopcock

o Clippers

¢ Antimicrobial scrub

o Latex gloves

cage as a box, and the clipped area as a box within the box. You will insert your needle
or catheter in the center of the box and then direct the bevel of the needle dorsally or
ventrally to penetrate pockets of fluid or air present.

5. Attach the needle or catheter hub to the length of intravenous extension tubing.
Attach the female port of the intravenous extension tubing to the male port of the
three-way stopcock. Attach the male port of the 60-mL syringe to one of the female
ports of the three-way stopcock. The apparatus is now assembled for use.

6. Insert the needle through the intercostal space such that the bevel of the needle
initially is directed downward.

7. Next, push down on the hub of the needle such that the needle becomes parallel with
the thoracic wall. By moving the hub of the needle in a clockwise or counterclockwise
manner, the bevel of the needle will move within the thoracic cavity to penetrate
pockets of air or fluid. In general, air is located dorsally and fluid is located more
ventrally, although this does not always occur.

8. Aspirate air or fluid. Save any fluid obtained for cytologic and biochemical analyses
and bacterial culture and susceptibility testing. In cases of pneumothorax, if the
thoracocentesis needs to be repeated more than 3 times, consider using a
thoracostomy tube.

THORAcOsTOMY TUBE

Place a thoracostomy tube in cases of pneumothorax whenever negative suction cannot be

obtained or repeated accumulation of air requires multiple thoracocentesis procedures.

Thoracostomy tubes also can be placed to drain rapidly accumulating pleural effusion

and for the medical management of pyothorax. Before attempting thoracostomy tube

placement, make sure that all necessary supplies are assembled (Box 1-17; Table 1-13).

To place a thoracostomy tube, follow this procedure:

. Lay the patient in lateral recumbency.

. Clip the patient’s entire lateral thorax.

. Aseptically scrub the lateral thorax.

. Palpate the tenth intercostal space.

. Have an assistant pull the patient’s skin cranially and ventrally toward the point

of the elbow. This will facilitate creating a subcutaneous tunnel around the
thoracostomy tube.

6. Draw up 2 mg/kg 2% lidocaine (1 mg/kg for cats) along with a small amount of
sodium bicarbonate to take away some of the sting.

7. Insert the needle at the dorsal aspect of the tenth intercostal space and to the seventh
intercostal space. Inject the lidocaine into the seventh intercostal space at the point
where the trocarized thoracic drainage catheter will penetrate into the thoracic cavity.
Slowly infuse the lidocaine as you withdraw the needle to create an anesthetized
tunnel through which to insert the catheter.

8. While the local anesthetic is taking effect, remove the trocar from the catheter and cut
the proximal end of the catheter with a Mayo scissors to facilitate adaptation with the
Christmas tree adapter.

[ S S
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BOX 1-17 SUPPLIES REQUIRED FOR PLACEMENT OF A THORACOSTOMY TUBE

Christmas tree adapter
Intravenous extension tubing
Mayo scissors (sterile)
Scalpel handle (sterile)

2% lidocaine

Towel clamps

25-gauge hypodermic needle
3- to 6-mL syringe

Cotton roll gauze

Elastikon

Sterile gloves

o Argyle trocar thoracic drainage catheter
Three-way stopcock

22-gauge orthopedic wire

No. 10 scalpel blade

Needle holder (sterile)

Sterile huck towels

Thumb forceps (sterile)

2-0 to 0 nonabsorbable suture

Gauze 4 X 4-inch squares (sterile)
Clippers

Clear adhesive antimicrobial barrier drape

TABLE 1-13 Size of Dog or Cat and Appropriate

Chest Catheter Size
Dog/Cat size Catheter
<7kg 14-16 F
7-15 kg 18-22 F
16-30 kg 22-28 F
>30 kg 28-36 F

9. Attach the Christmas tree adapter to the three-way stopcock and the three-way
stopcock to a length of intravenous extension tubing and the 60-mL syringe so that
the apparatus can be attached immediately to the thoracostomy tube after placement.

10. Aseptically scrub the lateral thorax a second time and then drape it with sterile huck
towels secured with towel clamps.

11. Wearing sterile gloves, make a small stab incision at the dorsal aspect of the tenth
intercostal space.

12. Insert the trocar back into the thoracostomy drainage tube. Insert the trocar and tube
into the incision. Tunnel the tube cranially for approximately 3 intercostal spaces
while an assistant simultaneously pulls the skin cranially and ventrally toward the
point of the elbow.

13. At the seventh intercostal space, direct the trocar and catheter perpendicular to the
thorax. Grasp the catheter apparatus at the base adjacent to the thorax to prevent the
trocar from going too far into the thorax.

14. Place the palm of your dominant hand over the end of the trocar, and push the
trocar and catheter into the thoracic cavity, throwing your weight into the placement
in a swift motion, not by banging the butt of your hand on the end of the stylette.
For small individuals, standing on a stool, or kneeling over the patient on the triage
table can create leverage and make this process easier. The tube will enter the thorax
with a pop.

15. Gently push the catheter off of the stylette, and remove the stylette.

16. Immediately attach the Christmas tree adapter and have an assistant start to
withdraw air or fluid while you secure the tube in place.

17. First, place a horizontal mattress suture around the tube to cinch the skin securely to
the tube. Use care to not penetrate the tube with your needle and suture.

18. Next, place a purse-string suture around the tube at the tube entrance site. Leave the
ends of the suture long, so that you can create a finger-trap suture to the tube,
holding the tube in place.
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19. Place a large square of antimicrobial-impregnated adhesive tape over the tube for
further security and sterility.

20. If antimicrobial adhesive is not available, place a gauze pad 4 x 4 inches square over
the tube, and then wrap the tube to the thorax with cotton roll gauze and Elastikon
adhesive tape.

21. Draw the location of the tube on the bandage to prevent cutting it with subsequent
bandage changes.

An alternate technique to use if a trocar thoracic drainage catheter is not available is the
following:

1. Prepare the lateral thorax and infuse local lidocaine anesthetic as listed before.

2. Make a small stab incision with a No. 10 scalpel blade, as listed before.

3. Obtain the appropriately sized red rubber catheter and cut multiple side ports in the
distal end of the catheter, taking care to not cut more than 50% of the circumference
of the diameter of the tube.

4. Insert a rigid, long urinary catheter into the red rubber catheter to make the catheter
more rigid during insertion into the pleural space.

5. Grasp the distal end of the catheter(s) in the teeth of a large Carmalt. Tunnel a
Metzenbaum scissors under the skin to the seventh intercostal space and make a
puncture through the intercostal space.

6. Remove the Metzenbaum scissors, and then tunnel the Carmalt and red rubber tube
under the skin to the hole created in the seventh intercostal space with the
Metzenbaum scissors.

7. Insert the tips of the Carmalt and the red rubber catheter through the hole, and then
open the teeth of the Carmalt.

8. Push the red rubber catheter cranially into the pleural cavity.

9. Remove the Carmalt and the rigid urinary catheter, and immediately attach the
suction apparatus. Secure the red rubber catheter in place as listed before.

Additional Reading
Mazzaferro EM: Pulmonary injury secondary to trauma. In Wingfield WE, Raffe MR, editors:
The veterinary ICU book, Jackson, Wyo, 2002, Teton NewMedia.

Tseng LW, Waddell LS: Approach to the patient in respiratory distress, Clin Tech Small Anim
Pract 15(2):53-62, 2000.

TRACHEOSTOMY

Placement of a temporary tracheostomy can be lifesaving to relieve upper respiratory tract
obstruction, to facilitate removal of airway secretions, to decrease dead space ventilation,
to provide a route of inhalant anesthesia during maxillofacial surgery, and to facilitate
mechanical ventilation.

In an emergent situation in which asphyxiation is imminent and endotracheal intuba-
tion is not possible, any cutting instrument placed into the trachea distal to the point of
obstruction can be used. To perform a slash tracheostomy, quickly clip the fur and scrub
the skin over the third tracheal ring. Make a small cut in the trachea with a No. 11 scalpel
blade, and insert a firm tube, such as a syringe casing. Alternately, insertion of a 22-gauge
needle attached to intravenous extension tubing and adapted with a 1-mL syringe case to
attach to a humidified oxygen source also temporarily can relieve obstruction until a
temporary tracheostomy can be performed.

In less emergent situations, place the patient under general anesthesia and intubate the
patient. Assemble all the equipment necessary before starting the temporary tracheostomy
procedure (Box 1-18).

To perform a tracheostomy, follow this procedure:

1. Place the patient in dorsal recumbency.
2. Clip the ventral cervical region from the level of the ramus of the mandible caudally
to the thoracic inlet and dorsally to midline.
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BOX 1-18 SUPPLIES REQUIRED FOR A TRACHEOSTOMY

e Sterile huck towels e 3-0 to 2-0 nonabsorbable suture material

o Towel clamps ¢ Needle holders

e Antimicrobial scrub e Shiley low-pressure cuff tracheostomy tube
¢ No. 10 scalpel blade OR endotracheal tube that has been cut and
o Curved mosquito hemostats adapted to create a tracheostomy tube

o Metzenbaum scissors e Umbilical tape

o Thumb forceps

3. Aseptically scrub the clipped area, and then drape with sterile huck towels secured
with towel clamps.

4. Make a 3-cm ventral midline skin incision over the third to sixth tracheal rings,
perpendicular to the trachea.

5. Bluntly dissect through the sternohyoid muscles to the level of the trachea.

6. Carefully pick up the fascia overlying the trachea and cut it away with a Metzenbaum
SCiSsors.

7. Place two stay sutures through/around adjacent tracheal rings.

8. Incise in between trachea rings with a No. 11 scalpel blade. Take care to not cut more
than 50% of the circumference of the trachea.

9. Using the stay sutures, pull the edges of the tracheal incision apart, and insert the
tracheostomy tube. The Shiley tube contains an internal obturator to facilitate
placement into the tracheal lumen. Remove the obturator, and then insert the inner
cannula, which can be removed for cleaning as needed.

10. Once the tube is in place, secure the tube around the neck with a length of sterile
umbilical tape.

TRACHEOSTOMY TUBE CARE

Postoperative care of the tracheostomy tube is as important as the procedure itself.
Because the tracheostomy tube essentially bypasses the protective effects of the upper
respiratory system, one of the most important aspects of tracheostomy tube care and
maintenance is to maintain sterility at all times. Any oxygen source should be humidified
with sterile water or saline to prevent drying of the respiratory mucosa. If supplemental
oxygen is not required, instill 2 to 3 mL of sterile saline every 1 to 2 hours to moisten the
mucosa. Wearing sterile gloves, remove the internal tube and place it in a sterile bowl filled
with sterile hydrogen peroxide and to be cleaned every 4 hours (or more frequently as
necessary). If a Shiley tube is not available, apply suction to the internal lumen of the
tracheostomy tube every 1 to 2 hours (or more frequently as needed) with a sterile 12F
red rubber catheter attached to a vacuum pump to remove any mucus or other debris
that potentially could plug the tube. Unless the patient demonstrates clinical signs of
fever or infection, the prophylactic use of antibiotics is discouraged because of the risk
of causing a resistant infection. After the temporary tracheostomy is no longer neces-
sary, remove the tube and sutures, and leave the wound to heal by second intention.
Primary closure of the wounds could predispose the patient to subcutaneous emphysema
and infection.

Additional Reading

Baker GD: Trans-tracheal oxygen therapy in dogs with severe respiratory compromise due to
tick (1. holocyclus) toxicity, Aust Vet Pract 34(2):83, 2004.

Colley P, Huber M, Henderson R: Tracheostomy techniques and management, Compend Contin
Educ Pract Vet 21(1):44-53, 1999.

Hedlund CS: Surgery of the upper respiratory system. In Fossum TW, editor: Small animal
surgery, St Louis, 2002, Mosby.

Hedlund CS: Tracheostomies in the management of canine and feline upper respiratory disease,
Vet Clin North Am Small Anim Pract 24(5):873-886, 1994.
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UROHYDROPULSION

Urohydropulsion is a therapeutic procedure for removal of uroliths from the urethra of the
male dog. The technique works best if the animal is heavily sedated or is placed under
general anesthesia (Figure 1-12).
To perform urohydropulsion, follow this procedure:
1. Place the animal in lateral recumbency.
2. Clip the fur from the distal portion of the prepuce.
3. Aseptically scrub the prepuce and flush the prepuce with 12 to 20 mL of
antimicrobial flush solution.
4. Have an assistant who is wearing gloves retract the penis from the prepuce.
5. While wearing sterile gloves, lubricate the tip of a rigid urinary catheter as for
urethral catheterization.
6. Gently insert the tip of the catheter into the urethra until you meet the resistance of
the obstruction.
7. Pinch the tip of the penis around the catheter.
8. Have an assistant insert a gloved lubricated finger into the patient’s rectum and press
ventrally on the floor of the rectum to obstruct the pelvic urethra.
9. Attach a 60-mL syringe filled with sterile saline into proximal tip of the catheter.

10. Quickly inject fluid into the catheter and alternate compression and relaxation on the
pelvic urethra such that the urethra dilates and suddenly releases the pressure,
causing dislodgement of the stone. Small stones may be ejected from the tip of the
urethra, whereas larger stones may be retropulsed back into the urinary bladder to be
removed surgically at a later time.

Symphysis
pelvis

1
\
Symphysis
pelvis
3

Figure 1-12: Removal of urethrolith in a male dog by urohydropropulsion: 1, Urethrolith
origninating from the urinary bladder has lodged behind the os penis. 2, Dilation of the urethral
lumen is achieved by injecting fluid with pressure. Digital pressure applied to the external
urethral orifice and the pelvic urethra has created a closed system. 3, Sudden release of digital
pressure at the external urethral orifice and subsequent movement of fluid and urethrolith
toward the external urethral orifice. 4, Sudden release of digital pressure at the pelvic urethra and
subsequent movement of fluid and urethrolith toward the urinary bladder.

(From Osborne CA, Finco DR: Canine and Feline Nephrology and Urology. Williams and
Wilkins, Baltimore, 1995.)
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Additional Reading

Osborne CA, Finco DR: Canine and feline nephrology and urology, Baltimore, 1995, Williams &
Wilkins.

VASCULAR ACCESS TECHNIQUES

The type of catheter that you choose for vascular access depends largely on the size and
species of the patient, the fragility of the vessels to be catheterized, the proposed length of
time that the catheter will be in place, the type and viscosity of the fluid or drug to be
administered, the rate of fluid flow desired, and whether multiple repeated blood samples
will be required (Table 1-14).

A variety of over-the-needle, through-the-needle, and over-the-wire catheters are avail-
able for placement in a variety of vessels, including the jugular, cephalic, accessory cephalic,
medial saphenous, lateral saphenous, dorsal pedal artery, and femoral artery.

One of the most important aspects of proper catheter placement and maintenance is to
maintain cleanliness at all times. The patient’s urine, feces, saliva, and vomit are common
sources of contamination of the catheter site. Before placing a peripheral or central catheter
in any patient, consider the patient’s physical status including whether vomiting, diarrhea,
excessive urination, or seizures. In a patient with an oral mass that is drooling excessively
or a patient that is vomiting, peripheral cephalic catheterization may not be the most
appropriate, to prevent contamination. Conversely, in a patient with excessive urination or
diarrhea, a lateral or medial saphenous catheter is likely to become contaminated quickly.

Whenever one places or handles a catheter or intravenous infusion line, the person
should wash the hands carefully and wear gloves to prevent contamination of the intra-
venous catheter and fluid lines. One of the most common sources of catheter contamina-
tion in veterinary hospitals is through caretakers’ hands. In emergent situations, placement
of a catheter may be necessary under less than ideal circumstances. Remove those catheters
as soon as the patient is more stable, and place a second catheter using aseptic techniques.

In general, once the location of the catheter has been decided, set up all equipment
necessary for catheter placement before starting to handle and restrain the patient. Box 1-19
lists the equipment needed for most types of catheter placement.

TABLE 1-14 Catheter Sizes for Vascular Access

Cephalic or tarsal vein Jugular

(catheter gauge) (catheter gauge)
Cat or small dog 20-24 16-18
Medium-sized dog 18-22 16-18
Large dog 14-20 14-18

BOX 1-19 EQUIPMENT NECESSARY FOR INTRAVENOUS CATHETER PLACEMENT

¢ Antimicrobial ointment

Antimicrobial scrub

Cotton ball

Electric clippers and No. 40 blade

Gauze, 4 X 4-inch squares

Heparinized saline flush

Intravenous catheter

152~ and 1-inch white adhesive tape

Male adapter or T port flushed with heparinized saline
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After setting up all of the supplies needed, clip the fur over the site of catheter place-
ment. Make sure to clip all excess fur and long feathers away from the catheter site, to
prevent contamination. For catheter placement in limbs, clip the fur circumferentially
around the site of catheter placement to facilitate adherence of the tape to the limb and to
facilitate catheter removal with minimal discomfort at a later date. Next, aseptically scrub
the catheter site with an antimicrobial scrub solution such as Hibiclens. The site is now
ready for catheter insertion.

CENTRAL VENOUS CATHETERS

Consider using a central venous catheter whenever multiple repeated blood samples will
need to be collected from a patient during the hospital stay. Central venous catheters also
can be used for CVP measurement, administration of hyperoncotic solutions such as
parenteral nutrition, and administration of crystalloid and colloid fluids, anesthesia, and
other injectable drugs (Figures 1-13 and 1-14).

Percutaneous through-the-needle jugular catheter placement

To place a jugular central venous catheter, place the patient in lateral recumbancy and
extend the head and neck such that the jugular furrow is straight. Clip the fur from the
ramus of the mandible caudally to the thoracic inlet and dorsally and ventrally to midline.
Wipe the clipped area with gauze 4 X 4-inch squares to remove any loose fur and other
debris. Aseptically scrub the clipped area with an antimicrobial cleanser.

Venocaths (Abbott Laboratories) are a through-the-needle catheter that is contained
within a sterile sleeve for placement. Alternately, other over-the-wire central venous
catheters can be placed by the Seldinger technique. Sterility must be maintained at all
times, regardless of the type of catheter placed.

Wearing sterile gloves, drape the site of catheter placement with sterile drapes, and
occlude the jugular vein at the level of the thoracic inlet. Pull the clear ring and wings of

Figure 1-13:  Lateral thoracic radiograph of a central venous catheter. Note that the tip of the
catheter is inserted in its proper location, just outside of the right atrium.
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Figure 1-14: Measuring the patient’s central venous pressure (CVP). Note that the 0 marker
on the manometer is at the patient’s manubrium.

the catheter cover down toward the catheter itself to expose the needle. Remove the guard
off of the needle. Lift the skin over the proposed site of catheter insertion and insert the
needle under the skin, with the bevel of the needle facing up. Next, reocclude the vessel and
pull the skin tight over the vessel to prevent movement of the vessel as you attempt to insert
the needle. In some cases, it may be difficult actually to see the vessel in obese patients. If
you cannot visualize or palpate the needle, gently bounce the needle over the vessel with
the bevel up. The vessel will bounce in place slightly, allowing a brief moment of visualiza-
tion to facilitate catheter placement. Once the vessel has been isolated and visualized, insert
the needle into the vessel at a 15- to 30-degree angle. Watch closely for a flash of blood in
the catheter. When blood is observed, insert the needle a small distance farther, and then
push the catheter and stylette into the vessel for the entire length, until the catheter and
stylette can be secured in the catheter hub. If the catheter cannot be inserted fully into the
vessel for its entire length, the tip of the needle may not be within the entire lumen, the
catheter may be directed perivascularly, and the catheter may be caught at the thoracic flex-
ure and may be moving into one of the tributaries that feeds the forelimb. Extend the
patient’s head and neck, and lift the forelimb up to help facilitate placement. Do not force
the catheter in because the catheter potentially can form a knot and will need to be
removed surgically. Remove the needle from the vessel, and have an assistant place several
4 X 4-inch gauze squares over the site of catheter placement with some pressure to control
hemorrhage. Secure the catheter hub into the needle guard, and remove the stylette from
the catheter. Immediately insert a 3- to 6-mL syringe of heparinized saline and flush the
catheter and draw back. If you are in the correct place, you will be able to draw blood from
the catheter.

To secure the catheter in place, tear a length of 1-inch white tape that will wrap around
the patient’s neck. Pull a small length of the catheter out of the jugular vein to make a semi-
circle. The semicircle should be approximately 2 inch in diameter. Let the length of
catheter lie on the skin, and then place 4 X 4-inch gauze squares impregnated with anti-
microbial ointment over the site of catheter insertion. Secure the proximal end of white tape
around the white and blue pieces of the catheter, and wrap the tape around the patient’s
neck so that the tape adheres to the skin and fur. Repeat the process by securing the gauze
to the skin with two additional lengths of white tape, starting to secure the gauze in place
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by first wrapping the tape dorsally over the patient’s neck, rather than under the patient’s
neck. In between each piece of tape and bandage layer, make sure that the catheter flushes
and draws back freely, or else occlusion can occur. Gently wrap layers of cotton roll gauze,
Kling, and Elastikon or Vetrap over the catheter. Secure a male adapter or T port that has
been flushed with heparinized saline, and then label the catheter with the size and length
of catheter, date of catheter placement, and initials of the person who placed the catheter.
The catheter is ready for use. Monitor the catheter site daily for erythema, drainage, vessel
thickening, or pain upon infusion. If any of these signs occur, or if the patient develops a
fever of unknown origin, remove the catheter, culture the catheter tip aseptically, and
replace the catheter in a different location. As long as the catheter is functional without
complications, the catheter can remain in place.

Percutaneous over-the-wire jugular catheter placement (Seldinger technique)

Central catheters also can be placed via the Seldinger or over-the-wire technique. A number
of companies manufacture kits that contain the supplies necessary for over-the-wire
catheter placement. Each kit minimally should contain an over-the-needle catheter to place
into the vessel, a long wire to insert through the original catheter placed, a vascular dilator
to dilate the hole in the vessel created by the first catheter, and a long catheter to place into
the vessel over the wire. Additional accessories can include a paper drape, sterile gauze, a
scalpel blade, local anesthetic, 22-gauge needles, and 3- or 6-mL syringes.

Restrain the patient and prepare the jugular furrow aseptically as for the percutaneous
through-the-needle catheter placement. The person placing the catheter should wear ster-
ile gloves throughout the process to maintain sterility. Pick up the skin over the site of
catheter placement, and insert a small bleb of local anesthetic through the skin. The local
anesthetic should not be injected into the underlying vessel (Figure 1-15). Make a small

Figure 1-15: Infusion of local anesthetic. Before making a nick incision through the skin,
insert a bleb of lidocaine over the proposed site of catheter insertion. Pick up the skin to avoid
intravenous injection of the anesthetic.
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nick into the skin through the local anesthetic with a No. 10 or No. 11 scalpel blade. Use
care to avoid lacerating the underlying vessel. Next, occlude the jugular vein as previously
described, and insert the over-the-needle catheter into the vessel. Watch for a flash of blood
in the catheter hub. Remove the stylette from the catheter. Next, insert the long wire into
the catheter and into the vessel (Figures 1-16 and 1-17). Never let go of the wire. Remove
the catheter, and place the vascular dilator over the wire and into the vessel (Figure 1-18).
Gently twist to place the dilator into the vessel a short distance, creating a larger hole in the
vessel. The vessel will bleed more after creating a larger hole. Remove the vascular dilator,
and leave the wire in place within the vessel. Insert the long catheter over the wire into the
vessel (Figure 1-19). Push the catheter into the vessel to the catheter hub (Figure 1-20).
Slowly thread the wire through a proximal port in the catheter. Once the catheter is in
place, remove the wire, and suture the catheter in place to the skin with nonabsorbable
suture. Cover the catheter site with sterile gauze and antimicrobial ointment, cotton roll
bandaging material, gauze, and Kling or Vetrap. Flush the catheter with heparinized saline
solution, and then use the catheter for infusion of parenteral nutrition, blood products,
crystalloid and colloid fluids, medications, and frequent blood sample collection. Examine
the catheter site daily for evidence of infection or thrombophlebitis. The catheter can
remain in place as long as it functions and no complications occur.

PERIPHERAL ARTERIAL AND VENOUS GATHETER PLACEMENT
Cephalic catheterization

Place the patient in sternal recumbency as for cephalic venipuncture. Clip the antebrachium
circumferentially, and wipe the area clean of any loose fur and debris (Figure 1-21). Aseptically
scrub the clipped area, and have an assistant occlude the cephalic vein at the crook of the
elbow. The person placing the catheter should grasp the distal carpus with the nondomi-
nant hand and insert the over-the-needle catheter into the vessel at a 15- to 30-degree angle
(Figure 1-22). Watch for a flash of blood in the catheter hub, and then gently push the

Text continued on p. 66.

Figure 1-16: The J-Wire. The J-wire is curved at its tip to prevent iatrogenic trauma to the
vessel and the heart. Pull the J-wire back so that the curve straightens out, and then insert
the J-wire into the vessel.
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Figure 1-17:  Feeding the J-wire through the catheter. Insert the J-wire through the over-the-
needle catheter into the vessel and then remove the over-the-needle catheter, leaving the J-wire
in place. Never let go of the J-wire!

Figure 1-18: Insert the vascular dilator over the wire into the vessel with a twisting motion,
to enlarge the hole in the vessel for ease of catheter placement later.
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Figure 1-19: Feed the multi-lumen catheter over the wire that has already been inserted into
the patient’s vessel. Remember to never let go of the wire. The wire will eventually emerge from
an open port in the proximal portion of the catheter, allowing its removal after the catheter has
been seated in the vessel.

Figure 1-20:  Catheter in vessel. The catheter is now seated in the patient’s jugular vein, where
it can be secured to the skin with nonabsorbable suture and then bandaged.
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Figure 1-21: Clip the patient’s antebrachium circumferentially to allow proper placement of
the cephalic intravenous catheter.

Figure 1-22: Insert the catheter through the skin into the vessel, watching for a flash of blood
in the catheter hub.
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catheter off of the stylette (Figure 1-23). Have the assistant occlude the vessel over the
catheter to prevent backflow. Flush the catheter with heparinized saline solution. Make sure
that the skin and catheter hub are clean and dry to ensure that the tape adheres to the
catheter hub and skin. Secure a length of Y2-inch white tape tightly around the catheter and
then around the limb. Make sure that the catheter hub does not “spin” in the tape, or else
the catheter will fall out. Next, secure a second length of 1-inch adhesive tape under the
catheter and around the limb and catheter hub (Figure 1-24). This piece of tape helps to
stabilize the catheter in place. Finally, place a flushed T port or male adapter in the catheter
hub and secure to the limb with white tape. Make sure that the tape is adhered to the skin

Figure 1-24:  Secure the catheter hub to the patient’s skin with a strip of 2-inch white tape.
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securely, but not so tightly as to impede venous outflow (Figure 1-25). The catheter site
can be covered with a cotton ball impregnated with antimicrobial ointment and layers of
bandage material. Label all catheters with the date of placement, the type and gauge of
catheter inserted, and the initials of the person who placed the catheter.

Percutaneous femoral artery catheterization

The femoral artery can be catheterized for placement of an indwelling arterial catheter.
Indwelling arterial catheters can be used for continuous invasive arterial blood pressure
monitoring and for procurement of arterial blood samples. Place the patient in lateral
recumbancy, and tape the down leg in an extended position. Clip the fur over the femoral
artery and aseptically scrub the clipped area. Palpate the femoral artery as it courses distally
on the medial surface of the femur and anterior to the pectineus muscle. Make a small nick
incision over the proposed site of catheter placement using the bevel of an 18-gauge needle.
Place a long over-the-needle catheter through the nick in the skin and direct it toward the
palpable pulse. Place the tip of the catheter so that the needle tip rests in the subcutaneous
tissue between the artery and the palpating index finger. Advance the needle steeply at a
30-degree angle to secure the superficial wall of the vessel and then the deep wall of the
vessel. The spontaneous flow of blood in the catheter hub ensures that the catheter is
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Figure 1-25: Catheter is taped in place with a t-port.
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situated in the lumen of the artery. Feed the catheter off of the stylette, and cover the
hub with a catheter cap. Flush the catheter with sterile heparinized saline solution, and
then secure it in place. Some persons simply tape the catheter in place with pieces of
12- and 1-inch adhesive tape. Others use a “butterfly” piece of tape around the catheter hub
and suture or glue the tape to the adjacent skin for added security.

Percutaneous dorsal pedal artery catheterization

The dorsal pedal artery commonly is used for catheter placement. To place a dorsal pedal
arterial catheter, place the patient in lateral recumbency. Clip the fur over the dorsal pedal
artery, and then aseptically scrub the clipped area. Tape the distal limb so that the leg is
twisted slightly medially for better exposure of the vessel, or the person placing the arterial
catheter can manipulate the limb into the appropriate position. Palpate the dorsal pedal
pulse as it courses dorsally over the tarsus. Place an over-the-needle catheter percutaneously
at a 15- to 30-degree angle, threading the tip of the needle carefully toward the pulse.
Advance the needle in short, blunt movements, and watch the catheter hub closely for a
flash of pulsating blood that signifies penetration into the lumen of the artery. Then thread
the catheter off of the stylette, and cover the catheter hub with a catheter cap. Secure the
catheter in place with lengths of 2- and 1-inch adhesive tape as with any other intravenous
catheter, and then flush it with heparinized saline solution every 2 to 4 hours.

Surgical cutdown for arterial and venous catheter placement

Any vessel that can be catheterized percutaneously also can be catheterized with surgical
cutdown. Restrain the patient and clip and aseptically scrub the limb or jugular vein as for
a percutaneous catheterization procedure. Block the area for catheter placement with a
local anesthetic before cutting the skin over the vessel with a No. 11 scalpel blade. While
wearing sterile gloves, pick up the skin and incise the skin over the vessel. Direct the sharp
edge of the blade upward to avoid lacerating the underlying vessel. Using blunt dissection,
push the underlying subcutaneous fat and perivascular fascia away from the vessel with a
mosquito hemostat. Make sure that all tissue is removed from the vessel. Using the
mosquito hemostat, place two stay sutures of absorbable suture under the vessel. Elevate
the vessel until it is parallel with the incision, and gently insert the catheter and stylette into
the vessel. Secure the stay sutures loosely around the catheter. Suture the skin over the
catheter site with nonabsorbable suture, and then tape and bandage the catheter in place as
for percutaneous placement. Remove catheters placed surgically as soon as possible and
exchange them for a percutaneously placed catheter to avoid infection and throm-
bophlebitis.

MAINTENANCE OF INDWELLING ARTERIAL AND VENOUS CATHETERS

The most important aspect of catheter maintenance is to maintain cleanliness and sterility
at all times. An indwelling catheter can remain in place for as long as it is functional and
no complications occur. Change the bandage whenever it becomes wet or soiled to prevent
wicking of bacteria and debris from the environment into the vessel. Check the bandages
and catheter sites at least once a day for signs of thrombophlebitis: erythema, vessel hard-
ening or ropiness, pain upon injection or infusion, and discharge. Also closely examine the
tissue around and proximal and distal to the catheter. Swelling of the paw can signify that
the catheter tape and bandage are too tight and are occluding venous outflow. Swelling
above the catheter site is characteristic of perivascular leakage of fluid and may signify that
the catheter is no longer within the lumen of the vessel.

Remove the catheter if it is no longer functional, if there is pain or resistance upon
infusion, if there is unexplained fever or leukocytosis, or if there is evidence of cellulitis,
thrombophlebitis, or catheter-related bacteremia or septicemia. Aseptically culture the tip
of the indwelling catheter for bacteria. Animals should wear Elizabethan collars or other
forms of restraint if they lick or chew at the catheter or bandage.

Catheter patency may be maintained with constant fluid infusion or by intermittent
flushing with heparinized saline (1000 units of unfractionated heparin per 250 to 500 mL
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of saline) every 6 hours. Flush arterial catheters more frequently (every 2 hours). Disconnect
intravenous connections only when absolutely necessary. Wear gloves whenever handling
the catheter or connections. Label all fluid lines and elevate them off of the floor to prevent
contamination. Date each fluid line and replace it once every 24 to 36 hours.

INTRAOSSEOUS CATHETER PLACEMENT

If an intravenous catheter cannot be placed because of small patient size, hypovolemia,
hypothermia, or severe hypotension, needles can be placed into the marrow cavity of the
femur, humerus, and tibia for intraosseous infusion of fluids, drugs, and blood products.
This technique is particularly useful in small kittens and puppies and in exotic species.
Contraindications to intraosseous infusion is in avian species (which have air in their
bones), fractures, and sepsis, because osteomyelitis can develop. An intraosseous catheter is
relatively easy to place and maintain but can cause patient discomfort and so should be
changed to an intravenous catheter as soon as vascular access becomes possible.

To place an intraosseous catheter, clip and aseptically scrub the fur over the proposed site
of catheter placement. The easiest place for intraosseous placement is in the intertrochanteric
fossa of the femur. Inject a small amount of a local anesthetic through the skin and into the
periosteum where the trocar or needle will be inserted. Place the patient in lateral recum-
bency, and grasp the leg in between your fingers, with the stifle braced against the palm of
your hand. Push the stifle toward the abdomen (medially) to abduct the proximal femur
away from the body. This will shift the sciatic nerve out of the way of catheter placement.
Insert the tip of the needle through the skin and into the intertrochanteric fossa. Gently
push with a simultaneous twisting motion, pushing the needle parallel with the shaft of the
femur, toward your palm. You may feel a pop or decreased resistance as the needle enters
the marrow cavity. Gently flush the needle with heparinized saline. If the needle is plugged
with bone debris, remove the needle and replace it with a fresh needle of the same type and
size in the hole that you have created. A spinal needle with an internal stylette also can be
placed. The stylette will prevent the needle from becoming clogged with bone debris
during insertion. Secure the hub of the needle with a butterfly length of white adhesive tape
and then suture it to the skin to keep the catheter in place. The catheter is now ready for
use. The patient should wear an Elizabethan collar to prevent disruption or removal of the
catheter. The intraosseous catheter can be maintained as any peripheral catheter, with
frequent flushing and daily evaluation of the catheter site.

Additional Reading
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Hansen BD: Technical aspects of fluid therapy. In DiBartola S, editor: Fluid therapy in small
animal practice, Philadelphia, 2000, WB Saunders.

Otto CM, Kaufman GM, Crowe DT: Intraosseous infusion of fluids and therapeutics, Compend
Contin Educ Pract Vet 11:421-430, 1989.

Shaw S, Walshaw S: Manual of clinical procedures in the dog, cat, and rabbit, ed 2, Philadelphia,
1997, Lippincott-Raven.

PAIN: ASSESSMENT, PREVENTION, AND MANAGEMENT*

The definition of pain has been debated philosophically over the ages and has changed as
knowledge has increased. Pain is defined as an unpleasant sensory or emotional experience
associated with actual or perceived tissue damage. Until recognition of a noxious stimulus
occurs in the cerebral cortex, no response or adaptation results. Rational management of
pain requires an understanding of the underlying mechanisms involved in pain and an
appreciation of how analgesic agents interact to disrupt pain mechanisms.

*Contributed by A. Looney, B. Hansen, and E. Hardie.
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BOX 1-20 CATEGORIES AND CAUSES OF PAIN IN DOGS AND CATS

Acute Pain CHRONIC PAIN

Trauma Arthritis

Thermal burn Cancer

Postoperative Neurologic: diabetes mellitus
Musculoskeletal Musculoskeletal
Visceral/pleural Sympathetic dystrophies

Multiple factors and causes produce pain in human beings and domestic animal
species. The causes of pain, psychological and physical, may derive from many different
mechanisms within emergency medicine, among them trauma, infectious disease, neglect,
environmental stress, surgery, and acute decompensation of chronic medical conditions.
The two major classes of pain are acute and chronic pain. Box 1-20 gives specific categories
and causes of pain.

The pain sensing and response system can be divided into the following categories:
nociceptors, which detect and filter the intensity of the noxious stimuli; primary afferent
nerves, which transmit impulses to the central nervous system (CNS); ascending tracts,
which are part of the dorsal horn and the spinal cord that conveys stimuli to higher centers
in the brain; higher centers, which are involved in pain discrimination, some memory, and
motor control; and modulating or descending systems, which are a means of processing,
memorizing, and modifying incoming impulses. Current analgesic therapies may inhibit
afferent nociceptive transmission within the brain and spinal cord; directly interrupt
neural impulse conduction through the dorsal horn, primary afferent nerves, or dorsal root
ganglion; or prevent the nociceptor sensitization that accompanies initial pain and inflam-
mation. The physiologic aspects of pain are believed to be produced by the transmission,
transduction, and integration of initial nerve endings, peripheral neuronal input, and
ascending afferent nerves via the thalamus to the cerebral cortex. Ascending afferent nerves
to the limbic system are believed to be responsible for the emotional aspects of pain.

There are several classification schemes for different types of pain. Acute pain, such as
that which results from trauma, surgery, or infectious agents, is abrupt in onset, relatively
short in duration, and may be alleviated easily by analgesics. In contrast, chronic pain is a
long-standing physical disorder or emotional distress that is slow in onset and difficult to
treat. Both types of pain can be classified further based on site of origin. Somatic pain arises
from superficial skin, subcutaneous tissue, body wall, or appendages. Visceral pain arises
from abdominal or thoracic viscera and primarily is associated with serosal irritation.
Analgesia, then, is the loss of pain WITHOUT the loss of consciousness. This is in contrast
to anesthesia, which is the loss of sensation in the whole body or a part of the body WITH
the loss of consciousness or at least depression of the CNS.

PHYSIOLOGIC IMPACT OF UNTREATED PAIN

Untreated pain causes immediate changes in the neurohormonal axis, which in turn causes
restlessness, agitation, increased heart and respiratory rates, fever, and blood pressure fluc-
tuations, all of which are detrimental to the healing of the animal. A catabolic state is
created as a result of increased secretion of catabolic hormones and decreased secretion of
anabolic hormones. The net effect the majority of neurohormonal changes produce is an
increase in the secretion of catabolic hormones. Hyperglycemia is produced and may
persist because of production of glucagon and relative lack of insulin. Lipolytic activity is
stimulated by cortisol, catecholamines, and growth hormone. Cardiorespiratory effects of
pain include increased cardiac output, vasoconstriction, hypoxemia, and hyperventilation.
Protein catabolism is a common occurrence and major concern regarding healing. Pain
associated with inflammation causes increase in tissue and blood levels of prostaglandins
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and cytokines, both of which promote protein catabolism indirectly by increasing the
energy expenditure of the body.

Powerful evidence indicates that local anesthetic, sympathetic agonist, and opioid neural
blockade may produce a modification of the responses to these physiologic changes. Variable
reduction in plasma cortisol, growth hormone, antidiuretic hormone, 3-endorphin, aldo-
sterone, epinephrine, norepinephrine, and renin is based on the anesthetic technique and the
drugs selected. Prophylactic administration of analgesics blunts the response before it
occurs; analgesics administered following perception or pain are not as effective, and higher
doses are generally necessary to achieve an equivalent level of analgesia.

RECOGNITION AND ASSESSMENT OF PAIN

Effective pain control can be achieved only when the signs of pain can be assessed effec-
tively, reliably, and regularly. The experience of pain is unique to each individual, which
makes pain assessment difficult, especially in traumatized and critical patients. Most
attempts to assess clinical pain use behavioral observations and interactive variables in
addition to assessment of physiologic responses such as heart rate and respiratory rate,
blood pressure, and temperature. But many factors can influence the processing and
outward projection of pain, including altered environments, species differences, within-
species variations (age, breed, sex), and the type, severity, and chronicity of pain.

Within-species differences (age, breed, and sex) further complicate the pain assessment.
Most notable is that different breeds of dogs act differently when confronted with pain or
fear. Labrador Retrievers tend to be stoic, whereas Greyhounds and teacup breeds tend to
react with a heightened state of arousal around even the simplest of procedures (e.g.,
subcutaneous injections and nail trims). The individual character and temperament of the
animal further influences its response. Pediatric and neonatal animals seem to have a lower
threshold for pain and anxiety than older animals. In any species, the duration and type of
pain make it more (acute) or less (chronic) likely to be expressed or exhibited outwardly.
Unfamiliarity with normal behaviors typical of a particular species or breed makes recog-
nition of their painful behaviors and responses impossible.

The definition and recognition of pain in an individual animal is challenging. Because
of all the differences discussed, there is no straight line from insult, albeit actual or
perceived, to degree of pain experienced. Nor is there a formula for treating “X” type of pain
with “Y” type of analgesic. A goal of analgesia is to treat all animals with analgesic drugs
and modalities as PREEMPTIVELY as possible and using a multimodal approach. Use
analgesic treatment as a tool for diagnosis of pain in the event that recognition of these
phenomena is difficult for the patient. In other words, with countless drugs and treatment
modalities available, analgesic administration should NEVER be withheld in an animal,
even if pain is questionable.

PaiN AsSesSMENT IN DoGs AND CATS

It is important to remember that no behavior or physiologic variable in and of itself is
pathognomonic for pain. Interactive and unprovoked (noninteractive) behavior assess-
ments and trending of physiologic data are useful to determine the pain in an individual
animal. This is known as pain scoring. Baseline observations, especially those observations
from someone who has known the animal well, can be helpful to serial behavior and pain
assessments. Pain scoring systems have been developed and are reviewed elsewhere; the
purposes of these systems are to evaluate and to help guide diagnostic and analgesic treat-
ments (Table 1-15). Regardless of the scale or method used to assess pain, the caregiver
must recognize the limitations of the scale. If in doubt of whether pain is present or not,
analgesic therapy should be used as a diagnostic tool.

BEHAVIORAL SIGNS OF ACUTE PAIN

Classic behaviors associated with pain in dogs and cats include abnormal postures, gaits,
movements, and behaviors (Boxes 1-21 and 1-22). Stoicism is the apparent apathy and
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TABLE 1-15 Pain Scale

Number Description

No pain

Mild pain
Moderate pain
Severe pain
Excruciating pain

BOX 1-21 BEHAVIORAL SIGNS ASSOCIATED WITH PAIN IN DOGS AND CATS

G W N =

ABNORMAL POSTURES ABNORMAL BEHAVIORS
Hunched-up Focusing on area of pain (licking or chewing)
Prayer position Inappetance
Inability to lie down Lack of grooming
Muscle atrophy (chronic) Abnormal urination or defecation
Reluctance to move Stoicism
Low tail carriage Aggression
Yawning
ABNORMAL GAITS Hiding
Stiffness Vocalizations
Non-weight bearing Whimper
Limping Screaming/crying

Pacing versus trotting
Abnormal nail wear

ABNORMAL IMOVEMENTS

Thrashing

Restlessness

Circling

e Acute pain ¢ Incontinence
o Allodynia ® Mydriasis

o Blepharospasm ¢ Panting

¢ Bradycardia e Ptyalism

o Bruxism o Tachycardia
e Cardiac dysrhythmias o Tachypnea

¢ Hyperesthesia

indifference in the presence of pain and is perhaps the No. 1 sign of ineffective pain relief
or persistent pain in many animals, because so many display apathy and classically normal
physiologic parameters even in the face of severe distress, overt suffering, or blatant trauma
and illness. The absence of normal behaviors is also a clinical sign of pain, even when abnor-
mal behaviors are not observed.

SiGNs oF GHRONIC PaN IN CaTs AND DoGs

Acute pain results in many of the aforementioned behavioral and physiologic signs, but
chronic pain in small animals is an entirely different and distinct entity. Chronic pain is
often present in the absence of obvious tissue pathology and changes in physical demeanor.
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Again, the severity of the pain may not correlate with the severity of any pathologic
condition that may or may not be present. Chronic pain, especially if insidious in onset
(cancer, dental, or degenerative pain), may well go unnoticed in dogs and cats, even by
family members or intermittent caregivers. Inappetance, lack of activity, panting in a
species classically designed to be nose breathers, decreased interest in surroundings, differ-
ent activity patterns, and abnormal postures are just a few signs of chronic pain in cats and
dogs. Cats are a species that in particular are exemplary in their abilities to hide chronic
pain. They will exhibit marked familial withdrawal, finding secluded areas where they may
remain for days to weeks when they experience acute and chronic pain.

ACUTE PAIN MANAGEMENT FOR EMERGENT, CRITICAL/INTENSIVE CARE
AND TRAUMA PATIENTS

When deciding on a pain management protocol for a patient, always perform a thorough
physical examination and include a pain score assessment before injury and pain has
occurred, whenever possible. Form a problem list to guide your choice of anesthesia and
analgesia. For example, using a nonsteroidal antiinflammatory drug (NSAID) in an animal
with renal failure would not be wise. Remember to account for current medications that
the patient may be taking that may augment or interfere with the analgesic or anesthetic
drugs. Use multimodal techniques and regional therapy and drugs to target pain at differ-
ent sites before it occurs. Once a strategy is decided upon, frequently reassess the patient
and tailor the protocol to meet each patient’s response and needs.

MEeTHoDS T0 REDUCE PAIN

Drug therapy (in particular, opioids with or without o,-agonists) is a cornerstone for acute
pain treatment and surgical preemptive pain prevention. However, local anesthetics deliv-
ered epidurally, via perineural or plexus injection, intraarticular or trigger point injection,
are also effective analgesics for acute and chronic forms of pain and inflammation. The
NSAIDs that classically have been reserved for treatment of more chronic or persistent pain
states now are being used regularly for treatment of acute and perioperative pain once
blood pressure, coagulation, and gastrointestinal parameters have been normalized.

PHARMACOLOGIC MEANS TO ANALGESIA: MAJOR ANALGESICS

OrioiDs

An opioid is any natural or synthetic drug that is derived from the poppy, which interacts
with opiate receptors identified on cell membranes. The drugs from this class constitute the
most effective means of controlling acute, perioperative, and chronic pain in human and
veterinary medicine (Table 1-16). Their physiologic effects result from the interaction with
one or more of at least five endogenous opioid receptors (U, G, 9, €, and K). [L-Receptor
agonists are noted for their ability to produce profound analgesia with mild sedation. These
drugs diminish “wind-up,” the hyperexcitable state resulting from an afferent volley of
nociceptive impulses. They elevate the pain threshold and are used preemptively to prevent
acute pain.

As a class, opioids cause CNS depression with their intense analgesia. Dose-related
respiratory depression reflects diminished response to carbon dioxide levels. Cardiac
depression is secondary only to bradycardia and is more likely with certain opioids such as
morphine and oxymorphone. Narcotics produce few if any clinically significant cardiovas-
cular effects in dogs and cats; they are considered cardiac soothing or sparing. Because
opioids increase intracranial and intraocular pressure, use them more cautiously in patients
with severe cranial trauma and or ocular lesions. Opioids directly stimulate the chemo-
receptor trigger zone and may cause nausea and vomiting. Most opioids depress the cough
reflex via a central mechanism; this may be helpful in patients recovering from endotra-
cheal intubation irritation. A key characteristic of opioids that makes them desirable for
use in emergency and critical care situations is their reversibility. Antagonists block or
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TABLE 1-16 Drugs Used in Pain Management

Agonist Cardiovascular Disadvantage/
Drug effects Dose effects Side effects
Fentanyl Pure 2 ug/kg IV bolus Minimal Hypoventilation
2-8 ug/kg/hour CRI at high doses
10-20 pg/kg/hour CRI
(inotropic)
Buprenorphine Partial 0.005-0.03 mg/kg Minimal Partial agonist
agonist q8h IM, IV, SQ; activity, so not
can be placed as potent as
topically on oral pure [L-agonists
mucosa in cats
Butorphanol Agonist/ 0.2-1.0 mg/kg Minimal Poor analgesic,
antagonist  q2-4h IM, IV, SQ adequate
sedative if used
in combination
with an
anxiolytic;
extremely short
duration of
action; ceiling
effect—more is
not better
Codeine Pure 1-4 mg/kg PO q6h Minimal Constipation,
agonist (dogs) dysphoria
Morphine Pure 0.1-0.5 mg/kg q4- Minimal, can
agonist 8h IM, IV, SQ cause
0.05-0.1 mg/kg/hour histamine
IV CRI release and
hypotension if
IV is high dose
Oxymorphone  Pure 0.02-0.1 mg/kg q4- Minimal Noise
agonist 12h IM, IV, SQ hypersensitivity,
dysphoria,
panting when
given IV
Hydromor- Pure 0.02-0.2 mg/kg Minimal Panting during
phone agonist q4-12h IM, IV, SQ IV, vomiting;
hyperthermia
in cats

reverse the effect of agonists by combining with receptors and producing minimal or no
effects. Administer all reversal agents, such as naloxone and naltrexone, slowly if given
intravenously and to effect.

0i-AGONISTS

As a class of drugs, o,-agonists warrant special attention because most members of the
group possess potent analgesic power at doses that are capable of causing sedation, CNS
depression, cardiovascular depression, and even general anesthetic states. Originally devel-
oped for antihypertensive use, 0,,-agonists quickly have attained sedative analgesic status in
veterinary medicine (Table 1-17). Like the opioids, 0,-agonists produce their effects by
aggravating oi-adrenergic receptors in the CNS and periphery.



PAIN: ASSESSMENT, PREVENTION, AND MANAGEMENT

75

TABLE 1-17 o,-Agonists Used for Analgesia and Sedation

Drug Dose Effects Proposed uses
Xylazine 0.05-0.1 mg/kg IV Short duration Microdose to
Profound cardiovascular decrease dysphoria
depression and anxiety
Vomiting, chemoreceptor Short-duration
trigger zone stimulation procedures in
Bradycardia, vasoconstriction HEALTHY dogs
Second-degree
atrioventricular block
Reversible with yohimbine
Medetomidine 0.001-0.005 mg/kg Longer duration Microdose to
IV, IM g4-6h Cardiovascular depression decrease dysphoria
(dog) Vasoconstriction and anxiety

0.01-0.03 mg/kg IV,
IM q4-6h (cat)

1-3 ug/kg/hour

Bradycardia, second-degree
atrioventricular block

Reversible with atipamezole
(Antesedan)

Vomiting, chemoreceptor
trigger zone stimulation

Augment analgesia
in orthopedic
procedures

Short-duration
procedures in
HEALTHY dogs

NONSTEROIDAL ANTIINFLAMMATORY DRUGS

Nonsteroidal antiinflammatory drugs, which classically have been used to treat chronic
pain and inflammation, as well as cardiovascular diseases, have taken on a new role in the
treatment of perioperative and acute pain. Recently, the development of potent oral and
parenteral forms of these drugs has compared favorably with and sometimes superiorly to
the use of opioids for treatment of acute inflammation and pain (Table 1-18). Nonsteroidal
drugs can be used alone, but their best use is that of providing synergistic analgesia with
different classes of analgesics (narcotics) or modalities (local, regional and epidural analgesia,
physical therapy, acupuncture).

Most NSAIDS act by cyclooxygenase (aka prostaglandin synthetase) inhibition, an
enzyme that catalyzes the incorporation of molecular oxygen into arachidonic acid to
produce mediators of inflammation. There are at least a few forms of cyclooxygenase,

TABLE 1-18 Nonsteroidal Antiinflammatory Drugs and Dosages

Drug Dose

Carprofen
Etodolac (EtoGesic)
Ketoprofen (cat)

2-4 mg/kg PO, IM, SQ, IV q12-24h
10-15 mg/kg q24h (dogs only)
0.5-1.0 mg/kg IM, SQ, IV, PO q12h (dogs); q48-72h (cats)

Meloxicam 0.1-0.2 mg/kg PO q24h (dogs); q48-72h (cats)
Piroxicam 0.3 mg/kg PO q48h (dogs and cats)

Ketorolac 0.25-0.5 mg/kg IM, SQ, IV q12h (dogs only)
Deracoxib (Deramaxx) 3-4 mg/kg PO q24h (dogs)

Acetaminophen 10-15 mg/kg PO q6-8h (dogs only)

Aspirin (dog)
Aspirin (cat)

10 mg/kg PO q12h
10 mg/kg PO q48-72h
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among them cyclooxygenase-1 (COX-1), the major constitutive enzyme primarily involved
in normal physiologic functions, and COX-2, the enzyme responsible for most of the
hyperalgesia and pain responses experienced after tissue injury or trauma. Some NSAIDS
inhibit cyclooxygenase and lipoxygenase activity. Most of the currently available oral
and parenteral NSAIDS for small animal medicine and surgery target the cyclooxygenase
pathways predominantly, although one (tepoxalin) is thought to inhibit both pathways.
Inhibition of COX-1 and COX-2 can inhibit the protective effects and impair platelet
aggregation and lead to gastrointestinal ulceration.

There are definite contraindications and relative contraindications for the use of
NSAIDs. Nonsteroidal antiinflammatory drugs should not be administered to patients
with renal or hepatic insufficiency, dehydration, hypotension or conditions that are associ-
ated with low circulating volume (congestive heart failure, unregulated anesthesia, shock),
or evidence of ulcerative gastrointestinal disease. TRAUMA PATIENTS should be stabilized
completely regarding vascular volume, tone, and pressure before the use of NSAIDs. Patients
receiving concurrent administration of other NSAIDs or corticosteroids, or those considered
to be cushingoid, should be evaluated carefully for an adequate “washout” period (time of
clearance of drug from the system) before use of an NSAID or before switching NSAIDs.
Patients with coagulopathies, particularly those that are caused by platelet number or func-
tion defects or those caused by factor deficiencies, and patients with severe, uncontrolled
asthma or other bronchial disease are probably not the patients in which to use NSAIDs.
Other advice is that NSAIDs not be administered to pregnant patients or to females
attempting to become pregnant because COX-2 induction is necessary for ovulation and
subsequent implantation of the embryo. The administration of NSAIDs should be consid-
ered ONLY in the well-hydrated, normotensive dog or cat with normal renal or hepatic
function, with no hemostatic abnormalities, and no concurrent steroid administration.

Nonsteroidal antiinflammatory drugs can be used in many settings of acute and chronic
pain and inflammation. Among these are the use in well-stabilized musculoskeletal trauma
and surgical pain, osteoarthritis management, meningitis, mastitis, animal bite and other
wound healing, mammary or transitional cell carcinoma, epithelial (dental, oral, urethral)
inflammation, ophthalmologic procedures, and dermatologic or otic disease. Whereas
opioids seem to have an immediate analgesic effect when administered, most NSAIDS will
take up to 30 minutes for their effect to be recognized. As such, most perioperative or acute
NSAIDs use is PART of a balanced pain management scheme, one that uses narcotics and
local anesthetic techniques. Nonsteroidal antiinflammatory drugs are devoid of many of
the side effects of narcotic administration; namely, decreased gastrointestinal motility,
altered sensorium, nausea/vomition, and sedation. Nonsteroidal antiinflammatory drugs
are also devoid of many of the side effects of steroid administration; namely, suppression
of the pituitary adrenal axis.

Nonsteroidal antiinflammatory drugs in cats

The toxic effects of salicylates in cats are well documented. Cats are susceptible because of
slow clearance and dose-dependent elimination because of deficient glucuronidation in
this species. Because of this, the dose and the dosing interval of most commonly used
NSAIDs need to be altered in order for these drugs to be used. Cats that have been given
canine doses of NSAIDs (twice daily or even once daily repetitively) may show hyperther-
mia, hemorrhagic or ulcerative gastritis, kidney and liver injury, hyperthermia, respira-
tory alkalosis, and metabolic acidosis. Acute and chronic toxicities of NSAIDs have been
reported in cats, especially after repeat once daily dosing. Ketoprofen, flunixin, aspirin,
carprofen, and meloxicam have been administered safely to cats, although like most anti-
biotics and other medications, they are not approved and licensed for use in cats. An impor-
tant note, though, is that dosing intervals ranging from 48 to 96 hours have been used, and
antithrombotic effects often can be achieved at much lower doses than those required
to treat fevers and inflammation. I recommend the use of no loading doses, minimum
48-hour dosing intervals, and assurance of adequate circulating blood volume, blood
pressure, and renal function.
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Because many of the NSAIDs are used off-label in cats, it is imperative that the clinician
carefully calculate the dose, modify the dosing interval, and communicate this information
to the client before dispensing the drug. Even drugs that come in liquid form (meloxicam),
if administered to cats via box-labeled directions used for dogs, will be given in near toxic
doses. To worsen the misunderstanding about dosages for cats, drops from manufacturer’s
bottles often are calibrated drops; when these same liquids are transferred into pharmacy
syringes for drop administration, the calibration of course is lost, and the animal poten-
tially is overdosed. A more accurate method of dispensing and administering oral NSAIDs
in cats is to calculate the dose in milligrams and determine the exact number of milliliters
to administer, rather than use the drop method.

ANALGESIA: MINOR ANALGESICS

Ketamine classically was considered a dissociative anesthetic, but it also has potent activity
as an N-methyl-D-aspartate (NMDA) receptor antagonist. This receptor located in the
CNS mediates windup and central sensitization (a pathway from acute to chronic pain).
Blockade of this receptor with microdoses of ketamine results in the ability to provide body
surface, somatic, and skin analgesia with potentially lower doses of opioids and a-agonists.
Loading doses of 0.5 to 2 mg/kg are used intravenously with continuous rate infusions of
2 to 20 pg/kg/minute. In and of itself, this drug possesses little to no analgesic ability and
indeed in high doses alone often can aggravate, sensitize, or excite the animal in subacute
or acute pain.

Amantadine is another NMDA blocker that has been used for its antiviral and
Parkinson’s stabilizing effects. Amantadine has been used for neuropathic pain in human
beings but is only available in an oral form. Suggested starting doses for cats and dogs
range from 3 to 10 mg/kg PO daily. When the drug is given orally and intravenously,
patients are unlikely to develop behavioral or cardiorespiratory effects with ketamine or
amantadine.

Tramadol is an analgesic that possesses weak opioid [1-agonist activity and norepineph-
rine and serotonin reuptake inhibition. Tramadol is useful for mild to moderate pain in
small animals. Although the parent compound has very weak opioid activity, the metabo-
lites have excellent binding affinity for the p-receptor. Tramadol has been used for peri-
surgical pain control when given orally in cats and dogs at a dose of 1 to 10 mg/kg PO
sid to bid. Cats appear to require only once daily dosing. Regardless of its affinity for the
opioid receptors, the true mechanism of action of tramadol in companion animals remains
largely unknown.

Gabapentin is a synthetic analog of y-aminobutyric acid (GABA). Originally introduced
as an antiepileptic drug, the mechanism of action of gabapentin remains somewhat unclear
in veterinary medicine. The drug is among a number of commonly used antiepileptic
medications used to treat central pain in human beings. The rationale for use is the ability
of the drugs to suppress discharge in pathologically altered neurons. Gabapentin does this
through calcium channel modulation without binding to glutamate receptors. Chronic,
burning, neuropathic, and lancinating pain in small animals responds well to 1 to 10 mg/kg
PO daily.

ADJUNCTIVE ANALGESIC DRUGS

Local anesthetic agents are the major class used as a peripheral-acting analgesic (Table 1-19).
Local anesthetics block the transmission of pain impulses at the peripheral nerve nociceptor
regions. Local anesthetics may be used to block peripheral nerves or inhibit nerve “zones”
using regional techniques. Although all local anesthetics are capable of providing pain
relief, agents with a longer duration of action are preferred for pain management purposes.
Bupivacaine is an example of a long-acting local anesthetic drug that is used along with
lidocaine for long-acting pain relief. A single dose of bupivacaine injected at a local site will
provide local anesthesia and analgesia for 6 to 10 hours.
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TABLE 1-19 Analgesics

Drug Dose Use
Amantadine 3 mg/kg, PO q24h (dogs and cats) Chronic pain
Dextromethorphan  1-2 mg/kg PO q6-8h (dogs and cats) Prevent windup
Gabapentin 1.25-10 mg/kg PO q24h (dogs and cats) Chronic pain
Tramadol 1-10 mg/kg PO q8-24h Acute and chronic pain

TABLE 1-20 Commonly Used Analgesic Assistance Drugs

Drug Dose

Acepromazine  0.01-0.03 mg/kg IV, IM, SQ g8-24 hours 0.2-0.5 mg/kg PO q12-24h
Diazepam 0.5-1.0 mg/kg IV in cats and dogs, followed by 0.1-0.2 mg/kg/hour IV CRI
Midazolam 0.3-0.5 mg/kg IV, IM, SQ in cats and dogs, followed by 0.05 mg/kg/hour IV CRI

Combination Approach: Mix with one another and give as a constant
rate infusion at 10 mL/kg/hour

Drug Dose CRI dose provided
Morphine 5 mg in 500 mL 0.1 mg/kg/hour
Lidocaine 150 mg 3 mg/kg/hour
Ketamine 100 mg 2 mg/kg/hour

When lidocaine is administered as an intravenous constant rate infusion (50 to 75
pg/kg/minute in dogs, 1 to 10 pg/kg/minute in cats) is effective in the treatment of chronic
neuropathic pain and periosteal and peritoneal pain (e.g., pancreatitis). Mexiletine, an oral
sodium channel blocker, can be used as an alternative to injectable lidocaine for provision
of background analgesia.

ANXIOLYTICS AND SEDATIVES

Many drugs (Table 1-20) are used in combination with opioids, 0,-agonists, and ketamine
to provide anxiolysis and sedation.

LOCAL AND REGIONAL TECHNIQUES FOR THE EMERGENT PATIENT

Injection of local anesthetic solution into the connective tissue surrounding a particular
nerve produces loss of sensation (sensory blockade) and/or paralysis (motor nerve block-
ade) in the region supplied by the nerve. Local anesthetics also may be administered epidu-
rally, intrathoracically, intraperitoneally, and intraarticularly. Lidocaine and bupivacaine
are the most commonly administered local anesthetics. Lidocaine provides for quick,
short-acting sensory and motor impairment. Bupivacaine provides for later-onset, longer-
lasting desensitization without motor impairment. Combinations of the two agents diluted
with saline are used frequently to provide for quick-onset analgesia that lasts between 4 and
6 hours in most patients. Adding narcotic and/or o, agent often maximizes the analgesia
and increases the pain-free interval to 8 to 18 hours. Epinephrine and preservative-free
solutions are recommended. Precision placement of anesthetic close to nerves, roots, or
plexuses is improved with the use of a stimulating nerve locator. Cats seem to be more
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sensitive to the effects of local anesthetics; as such the lower ends of most dosing ranges are
used for blockades in this species.

Unlike most instances of general anesthesia, during which the animal is rendered
unconscious and nerve transmission is decreased by virtue of CNS depression, local and
regional techniques block the initiation of noxious signals, thereby effectively preventing
pain from entering the CNS. This is an effective means of not only preventing initial
pain but also reducing the changes that take place in the dorsal horn of the spinal cord,
spinothalamic tracts, limbic and reticular activating centers, and cortex. Frequently, the
neurohormonal response that is stimulated in pain and stress is blunted as well. Overall,
the patient has fewer local and systemic adverse effects of pain, disease processes are mini-
mized, chronic pain states are unlikely, and outcome is improved. Regional techniques are
best used as part of an analgesic regimen that consists of their continuous administration,
narcotics, o--agonists, anxiolytics, and good nursing.

TorICAL AND INFILTRATIVE BLOCKADE

Lidocaine can be added to sterile lubricant in a one-to-one concentration to provide
decreased sensation for urinary catheterization, nasal catheter insertion, minor road burn
analgesia, and pyotraumatic dermatitis analgesia. Proparacaine is a topical anesthetic useful
for corneal or scleral injuries. Local anesthetics can be used to infiltrate areas of damage or
surgery by using long-term continuous drainage catheters and small, portable infusion
pumps. This is an effective means of providing days of analgesia for massive surgical or
traumatic soft tissue injury. Even without the catheter, incisional or regional soft tissue
blocking using a combination of 1 to 2 mg/kg lidocaine and 0.5 to 2 mg/kg bupivacaine
diluted with equal volume of saline and 1:9 with sodium bicarbonate is effective for
infiltrating large areas of injury.

CRANIAL NERVE BLOCKADE

Administration of local anesthetic drugs around the infraorbital, maxillary, ophthalmic
mental, and alveolar nerves can provide excellent analgesia for dental, orofacial, and
ophthalmic trauma and surgical procedures. Each nerve may be desensitized by injecting
0.1 to 0.3 mL of a 2% lidocaine hydrochloride solution and 0.1 to 0.3 mL of 0.5% bupiva-
caine solution using a 1.2- to 2.5-cm, 22- to 25-gauge needle. Precise placement perineu-
rally versus intraneurally (neuroma formation common) is enhanced by using catheters in
the foramen versus needle administration. Always perform aspiration before administration
to rule out intravascular injection of agents.

INTRAPLEURAL BLOCKADE

This block is used to provide analgesia for thoracic, lower cervical, cranial abdominal,
and diaphragmatic pain. Following aseptic preparation, place a small through-the-needle
(20- to 22-gauge) catheter in the thoracic cavity between the seventh and ninth intercostal
space on the midlateral aspect of the thorax. Aseptically mix a 0.5 to 1 mg/kg lidocaine and
a 0.2 to 0.5 mg/kg bupivacaine dose with volume of saline equal to the volume of bupiva-
caine, and slowly inject it over a period of 2 to 5 minutes following aspiration to ensure that
no intravascular injection occurs. Depending on where the lesion is, position the patient to
allow the intrapleural infusion to “coat” the area. Most effective is positioning the patient
in dorsal recumbency for several minutes following the block to make sure local anesthetic
occupies the paravertebral gutters and hence the spinal nerve roots. The block should be
repeated every 3 hours in dogs and every 8 to 12 hours in cats. Secure the catheter to the
skin surface for repetitive administration.

BRACHIAL PLEXUS BLOCKADE

Administration of local anesthetic around the brachial plexus provides excellent analgesia
for forelimb surgery, particularly that distal to the shoulder, and amputations. Nerve loca-
tor-guided techniques are much more accurate and successful than blind placement of
local anesthetic; however, even the latter is useful.
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To administer a brachial plexus blockade, follow this procedure:

1. Aseptically prepare a small area of skin over the point of the shoulder.

2. Insert a 22-gauge, 1'2- to 3-inch spinal needle medial to the shoulder joint,
axial to the lesser tubercle, and advance it caudally, medial to the body of the
scapula, and toward the costochondral junction of the first rib. Aspirate
first before injection to make sure that intravenous injection does not
occur.

3. Inject one third of the volume of local anesthetic mix, and then slowly
withdraw the needle and fan dorsally and ventrally while infusing the
remaining fluid.

4. Local anesthetic doses are similar to those for intrapleural blockade.

EPIDURAL ANESTHESIA AND ANALGESIA

Epidural analgesia refers to the injection of an opioid, a phencyclidine, an o-agonist, or an

NSAID into the epidural space. Epidural anesthesia refers to the injection of a local anes-

thetic. In most patients a combination of the two is used. Epidural analgesia and anesthe-

sia are used for a variety of acute and chronic surgical pain or traumatically induced pain
in the pelvis, tail, perineum, hind limbs, abdomen, and thorax (Table 1-21). Procedures in
which epidural analgesia and anesthesia are useful include forelimb and hind limb ampu-
tation, tail or perineal procedures, cesarean sections, diaphragmatic hernia repair, pancre-
atitis, peritonitis, and intervertebral disk disease. Epidural blocks performed using opioids
or bupivacaine will not result in hind limb paresis or decreased urinary or anal tone

(incontinence), unlike lidocaine or mepivicaine epidural blocks. Morphine is one of the

most useful opioids for administration in the epidural space because of its slow systemic

absorption. Epidural catheters used for the instillation of drugs through constant rate infu-
sion or intermittent injection can be placed in dogs and cats. Routinely placed at the
lumbosacral junction, these catheters are used with cocktails including preservative-free
morphine, bupivacaine, medetomidine, and ketamine. Extremely effective for preventing
windup pain in the peritoneal cavity or caudal half of the body, the catheters may be main-
tained if placed aseptically for 7 to 14 days.

To provide epidural analgesia or anesthesia, follow this procedure:

1. Position the animal in lateral or sternal recumbency.

2. Clip and aseptically scrub over the lumbosacral site.

3. Palpate the craniodorsal-most extent of the wings of the ileum bilaterally and draw an
imaginary line through them to envision the spine of L7 located immediately behind
the imaginary line.

4. Advance a 20- to 22-gauge, 1'2- to 3-inch spinal or epidural needle through the skin
just caudal to the spine of L7.

5. The needle will lose resistance as it is introduced into the epidural space. Drop saline
into the hub of the needle, and the saline will be pulled into the epidural space as the
needle enters.

TABLE 1-21 Drugs to Use for Epidural Anesthesia

Drug Dose
Bupivacaine 0.25%* 0.1-0.3 mg/kg (1 mL/5 kg epidural q4-6h (canine only, not
recommended for cats)
Morphine (Duramorph)** 0.05-0.1 mg/kg spinal q8h

*Preservative-free solutions should be used, with filtered needles or in-line filters if an epidural
catheter with constant rate infusion is used.

Can be diluted to a total volume of 0.1 to 0.15 mL/kg with sterile saline if advancement of the
solution into the thoracic area is desired (forelimb amputation, thoracostomy, diaphragmatic
hernia repair).
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INTERcOSTAL NERVE BLOCKS

Discrete intercostal nerve blocks can provide effective analgesia for traumatic or postsurgi-
cal pain. Identify the area of the injury, and infiltrate three segments on either side of the
injury with analgesic.
To perform an intercostal nerve block, follow this procedure:
1. Clip and aseptically scrub the dorsal and ventral third of the chest wall.
2. Palpate the intercostal space as far dorsally as possible.
3. Use a 25-gauge, 0.625-inch needle at the caudolateral aspect of the affected rib
segments and those cranial and caudal.
4. Direct the tip of the needle caudally such that the tip of the needle “drops” off of
the caudal rib. (This places the needle tip in proximity to the neuromuscular bundle
that contains the intercostal nerve that runs in a groove on the caudomedial surface
of the rib.)
5. Aspirate to confirm that the drug will not go intravenously.
6. Inject while slowly withdrawing the needle. Inject 0.5 to 1.0 mL at each site, depending
on the size of the animal.

Additional Reading

Gaynor JS, Muir WW: Handbook of veterinary pain management, St Louis, 2003, Mosby, 2003.

Melzack R, Wall PD: Handbook of pain management, a clinical companion to Wall and Melzack’s
textbook of pain, Edinburgh, 2003, Churchill Livingstone.

Muir WW, Hubbell JAE, Skarda RT, et al: Handbook of veterinary anesthesia, ed 3, St Louis, 2000,
Mosby.

EMERGENCY MANAGEMENT OF SPECIFIC CONDITIONS
ACUTE CONDITION IN THE ABDOMEN

An acute condition in the abdomen is defined as the sudden onset of abdominal discomfort
or pain caused by a variety of conditions involving intraabdominal organs. Many animals
have the primary complaint of lethargy, anorexia, ptyalism, vomiting, retching, diarrhea,
hematochezia, crying out, moaning, or abnormal postures. Abnormal postures can include
generalized rigidity, walking tenderly or as if “on eggshells,” or a prayer position in which
the front limbs are lowered to the ground while the hind end remains standing. In some
cases, it may be difficult initially to distinguish between true abdominal pain or referred
pain from intervertebral disk disease. Rapid progression and decompensation of the
patient’s cardiovascular status can lead to stupor, coma, and death in the most extreme
cases, making rapid assessment, treatment, and definitive care extremely challenging.

SIGNALMENT AND HISTORY

Often the patient’s signalment and history can increase the index of suspicion for a partic-
ular disease process. A thorough history often is overlooked or postponed in the initial
stages of resuscitation of the patient with acute abdominal pain. Often, asking the same
question in a variety of methods can elicit an answer from the client that may lead to the
source of the problem and the reason for acute abdominal pain. Important questions to ask
the client include the following:
+ What is your chief complaint or reason that you brought your animal in on
emergency?
+ When did the signs first start, or when was your animal last normal?
+ Do you think that the signs have been the same, better, or getting worse?
+ Does your animal have any ongoing or past medical problems?
+ Have similar signs occurred in the past?
+ Does your animal have access to any known toxins, or does he or she run loose
unattended?
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+ Has your animal ingested any garbage, compost, or table scraps recently?

+ Are there any other animals in your household, and are they acting sick or normal?

+ Has your animal been vaccinated recently?

+ Has there been any change in your pet’s appetite?

+ Have you noticed any weight loss or weight gain?

+ Have you noticed any increase or decrease in water consumption or urination?

+ Does your animal chew on bones or toys?

+ Have you noticed any toys, socks, underwear, or other items missing from your household?

+ Is there a possibility of any trauma including being hit by a car or kicked by a larger
animal or person?

+ Have you noticed a change in your pet’s defecation habits?

+ Have you seen any vomiting or diarrhea?

+ What does the vomitus or diarrhea look like?

+ Is the vomitus in relation to eating?

+ Is there any blood or mucus in the vomitus or diarrhea?

+ When was the last time your animal vomited or had diarrhea?

+ When your animal vomits, does it actively retch with abdominal contractions, or is
it more passive like regurgitation?

+ What is the color of the feces? Is it black or red?

* Does the vomit smell malodorous like feces?

IMMEDIATE ACTION

As with any other emergency, the clinician must follow the ABCs of therapy, treating the
most life-threatening problems first. First, perform a perfunctory physical examination.
Examination of the abdomen ideally should be performed last, in case inciting a painful
stimulus precludes you from evaluating other organ systems more thoroughly. Briefly
observe the patient from a distance. Are there any abnormal postures? Is there respiratory
distress? Is the animal ambulatory, and if so, do you observe any gait abnormalities? Do you
observe any ptyalism or attempts to vomit? Auscultate the patient’s thorax for crackles that
may signify aspiration pneumonia resulting from vomiting. Examine the patient’s mucous
membrane color and capillary refill time, heart rate, heart rhythm, and pulse quality. Many
patients in pain have tachycardia that may or may not be accompanied by dysrhythmias.
If a patient’s heart rate is inappropriately bradycardic, consider hypoadrenocorticism,
whipworm infestation, or urinary obstruction or trauma as a cause of hyperkalemia. Assess
the patient’s hydration status by evaluating skin turgor, mucous membrane dryness, and
whether the eyes appear sunken in their orbits. A brief neurologic examination should
consist of whether the patient is actively having a seizure, or whether mental dullness,
stupor, coma, or nystagmus are present. Posture and spinal reflexes can assist in making a
diagnosis of intervertebral disk disease versus abdominal pain. Perform a rectal examina-
tion to evaluate for the presence of hematochezia or melena.

Finally, examination of the abdomen should proceed first with superficial and then
deeper palpation. Visually inspect the abdomen for the presence of external masses, bruis-
ing, or penetrating injuries. Reddish discoloration of the periumbilical area often is associ-
ated with the presence of intraabdominal hemorrhage. It may be necessary to shave the fur
to inspect the skin and underlying structures visually for bruising and ecchymoses. Auscultate
the abdomen for the presence or absence of borborygmi to characterize gut sounds. Next,
perform percussion and ballottement to evaluate for the presence of a gas-distended viscus
or peritoneal effusion. Finally, perform first superficial and then deep palpation of all
quadrants of the abdomen, noting abnormal enlargement, masses, or whether focal pain is
elicited in any one area. Once the physical examination has been performed, implement
initial therapy in the form of analgesia, fluid resuscitation, and antibiotics.

TREATMENT

Treatment for any patient with an acute condition in the abdomen and shock is to treat the
underlying cause, maintain tissue oxygen delivery, and prevent end-organ damage and failure.
A more complete description of shock and oxygen delivery is given in the section on shock.
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ANALGESIA

The administration of analgesic agents to any patient with acute abdominal pain is one of
the most important therapies in the initial stages of case management. Table 1-22 lists anal-
gesic drugs for use in the patient with an acute condition in abdomen. Table 1-23 lists anal-
gesic and anxiolytic drugs to avoid in the patient with an acute condition in abdomen.

TABLE 1-22 Analgesic Agents for Use in Dogs and Cats with Acute
Abdominal Pain

Drug Dose

Butorphanol 0.1-0.2 mg/kg IV (dogs and cats); 0.2-0.4 mg/kg SQ or IM (dogs and cats)
Buprenorphine 0.005-0.02 mg/kg IV, IM, SQ q6-12h (dogs) 0.005-0.01 mg/kg IV, IM,
SQ, q6-12h (cats) (Also can be placed in the mouth for buccal
absorption in cats)

Fentanyl 2 ng/kg IV bolus, followed by 3-7 ug/kg/hour CRI (dogs and cats)
Hydromorphone  0.1-0.2 mg/kg SQ, IM, IV (dogs and cats)

Lidocaine 1-2 mg/kg IV slowly over 2-5 minutes, then 30-50 ug/kg/minute CRI
Morphine 0.5-1.0 mg/kg SQ, IM; 0.1 mg/kg/hour CRI (dogs)

0.25-0.5 mg/kg SQ, IM; 0.05 mg/kg/hour CRI (cats)

TABLE 1-23 Analgesic and Anxiolytic Agents That Are Contraindicated and
Should Be Avoided in the Patient with Acute Abdominal Pain

Drug Potential risks

o-Antagonists o-Receptor antagonist, hypotension
Acepromazine
Chlorpromazine

0l,-Agonists 02-agonist, peripheral vasoconstriction, dose-dependent
decrease in cardiac output, hypotension
Xylazine
Medetomidine
Antiprostaglandins Decreased renal and gastrointestinal perfusion,
gastrointestinal ulceration
Aspirin
Flunixin meglumine
Indomethacin
Phenylbutazone
Ibuprofen
Carprofen
Ketoprofen
Aminopyrine
Flufenamic acid
Glucocorticoids Decreased renal and gastrointestinal perfusion,
gastrointestinal ulceration
Dexamethasone
Dexamethasone sodium phosphate
Hydrocortisone sodium phosphate
Prednisone
Prednisolone sodium phosphate
Methylprednisolone sodium succinate
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FLuiD RESUSCITATION

Many patients with acute abdominal pain are clinically dehydrated or are in hypovolemic
shock because of hemorrhage. Careful titration of intravenous crystalloid and colloid
fluids including blood products is necessary based on the patient’s perfusion parameters
including heart rate, capillary refill time, blood pressure, urine output, and PCV. Fluid
therapy also should be based on the most likely differential diagnoses, with specific fluid
types administered according to the primary disease process. In dogs, a shock volume of
fluids is calculated based on the total blood volume of 90 mL/kg/hour. In cats, shock fluid
rate is based on plasma volume of 44 mL/kg/hour. In most cases, any crystalloid fluid can
be administered at an initial volume of one fourth of a calculated shock dose and then
titrated according to whether the patient’s cardiovascular status responds favorably or not.
In cases of an acute condition in the abdomen from known or suspected hypoadrenocor-
ticism, severe whipworm infestation, or urinary tract obstruction or rupture, 0.9% sodium
chloride fluid without added potassium is the fluid of choice. When hemorrhage is pres-
ent, the administration of whole blood or packed RBCs may be indicated if the patient has
clinical signs of anemia and shows clinical signs of lethargy, tachypnea, and weakness. Fresh
frozen plasma is indicated in cases of hemorrhage resulting from vitamin K antagonist
rodenticide intoxication or hepatic failure or in cases of suspected disseminated intravas-
cular coagulation (DIC). A more thorough description of fluid therapy is given under the
sections on shock and fluid therapy.

ANTIBIOTICS

The empiric use of broad-spectrum antibiotics is warranted in cases of suspected sepsis or
peritonitis as a cause of acute abdominal pain. Ampicillin sulbactam (22 mg/kg IV q6-8h)
and enrofloxacin (10 mg/kg once daily) are the combination treatment of choice to cover
gram-negative, gram-positive, aerobic, and anaerobic infections. Alternative therapies
include a second-generation cephalosporin such as cefotetan (30 mg/kg IV tid) or cefoxitin
(22 mg/kg IV tid) or added anaerobic coverage with metronidazole (10 to 20 mg/kg IV tid).

OXYGEN SUPPLEMENTATION

Tissue oxygen delivery depends on a number of factors, including arterial oxygen content
and cardiac output. If an animal has had vomiting and subsequent aspiration pneumonitis,
treatment of hypoxemia with supplemental oxygen in the form of nasal, nasopharyngeal,
hood, or transtracheal oxygen administration is important (see Oxygen Supplementation
under Emergency Diagnostic and Therapeutic Procedures).

DiaGNOSTIC PROCEDURES
Complete blood count

Perform a complete blood count in all cases of acute abdominal pain to determine if life-
threatening infection or coagulopathy including DIC is present. In cases of sepsis, infec-
tion, or severe nonseptic inflammation, the white blood cell count may be normal, elevated,
or low. Examine a peripheral blood smear for the presence of toxic neutrophils, eosinophils,
atypical lymphocytes, nucleated RBCs, platelet estimate, anisocytosis, and blood parasites.
A falling PCV in the face of RBC transfusion suggests ongoing hemorrhage.

Biochemistry panel

Perform a biochemistry panel to evaluate organ system function. Azotemia with elevated
BUN and creatinine may be associated with prerenal dehydration, impaired renal function,
or postrenal obstruction or leakage. The BUN also can be elevated when gastrointestinal
hemorrhage is present. Serum amylase may be elevated with decreased renal function or in
cases of pancreatitis. A normal serum amylase, however, does not rule out pancreatitis as a
source of abdominal pain. Serum lipase may be elevated with gastrointestinal inflamma-
tion or pancreatitis. Like amylase, a normal serum lipase does not rule out pancreatitis.
Total bilirubin, alkaline phosphatase, and alanine transaminase may be elevated with
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primary cholestatic or hepatocellular diseases or may be due to extrahepatic causes including
sepsis.

Urinalysis

Obtain a urinalysis via cystocentesis whenever possible, except in cases of suspected
pyometra or transitional cell carcinoma. Azotemia in the presence of a nonconcentrated
(isosthenuric or hyposthenuric) urine suggests primary renal disease. Secondary causes of
apparent renal azotemia and lack of concentrating ability also occur in cases of hypo-
adrenocorticism and gram-negative sepsis. Renal tubular casts may be present in cases of
acute renal ischemia or toxic insult to the kidneys. Bacteriuria and pyuria may be present
with infection and inflammation. When a urinalysis is obtained via free catch or urethral
catheterization, the presence of bacteriuria or pyuria also may be associated with pyome-
tra, vaginitis, or prostatitis/prostatic abscess.

Lactate

Serum lactate is a biochemical indicator of decreased organ perfusion, decreased oxygen
delivery or extraction, and end-organ anaerobic glycolysis. Elevated serum lactate greater
than 6 mmol/L has been associated with increased morbidity and need for gastric resection
in cases of GDV and increased patient morbidity and mortality in other disease processes.
Rising serum lactate in the face of adequate fluid resuscitation is a negative prognostic sign.

Abdominal radiographs

Obtain abdominal radiographs as one of the first diagnostic tests when deciding whether
to pursue medical or surgical management. The presence of GDV, linear foreign body,
pneumoperitoneum, pyometra, or splenic torsion warrants immediate surgical interven-
tion. If a loss of abdominal detail occurs because of peritoneal effusion, perform additional
diagnostic tests including abdominal paracentesis (abdominocentesis) and abdominal
ultrasound to determine the cause of the peritoneal effusion.

Abdominal ultrasound

Abdominal ultrasonography is often useful in place of or in addition to abdominal radio-
graphs. The sensitivity of abdominal ultrasonography is largely operator dependent.
Indications for immediate surgical intervention include loss of blood flow to an organ,
linear bunching or placation of the intestinal tract, intussusception, pancreatic phlegmon
or abscess, a fluid-filled uterus suggestive of pyometra, gastrointestinal obstruction, intra-
luminal gastrointestinal foreign body, dilated bile duct, or gallbladder mucocele, or gas
within the wall of the stomach or gallbladder (emphysematous cholecystitis). The presence
of peritoneal fluid alone does not warrant immediate surgical intervention without cytologic
and biochemical evaluation of the fluid present.

Abdominocentesis

See also Abdominal Paracentesis and Diagnostic Peritoneal Lavage.

Abdominal paracentesis (abdominocentesis) often is the deciding factor in whether
to perform immediate surgery. Abdominocentesis is a sensitive technique for detecting
peritoneal effusion when more than 6 mL/kg of fluid is present within the abdominal
cavity. Abdominal effusion collected should be saved for bacterial culture and evaluated
biochemically and cytologically based on your index of suspicion of the primary disease
process. If creatinine, urea nitrogen (BUN) or potassium is elevated compared with that of
serum, uroabdomen is present. Elevated abdominal fluid lipase or amylase compared with
serum supports a diagnosis of pancreatitis. Elevated lactate compared with serum lactate or
an abdominal fluid glucose less than 50 mg/dL is highly sensitive and specific for bacterial/
septic peritonitis. The presence of bile pigment or bacteria is supportive of bile and septic
peritonitis, respectively. Free fibers in abdominal fluid along with clinical signs of abdom-
inal pain strongly support gastrointestinal perforation, and immediate surgical exploration
is required.

Text continued on p. 93
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TABLE 1-24 Conditions That Can Cause Clinical Signs of Acute Abdominal

Pain—cont’d

Diagnostic tests

Treatment

Lack of contiguity of body wall

Soft tissue density or abdominal contents SQ on RADS

Lack of contiguity of body wall

Soft tissue density or abdominal contents SQ on RADS;
inflammatory cells and bacteria on aspirate

Hemoabdomen on abdominocentesis or DPL

Radiographic evidence of abdominal organs in thorax,
may require contrast celiotomy

Ileus on radiographs, white blood cells in feces

Parvovirus CITE test positive on feces leuko-/neutropenia

Parasite oocysts or parasites in feces

Atrial standstill on EGG, hyperkalemia, hyponatremia,
hypocholesterolemia, hypoglycemia, hyperphosphatemia,
azotemia, normal WBC and differential positive ethylene glycol

Calcium oxalate dihydrate crystals U/A
“halo sign” = hyperechoic renal cortex on U/S

Soft tissue density/food with gastric dilation on radiographs

Dorsal and cranial displacement of pylorus with dilation of
gastric fundus on right lateral radiograph, premature
ventricular contractions on ECG, elevated lactate

Regenerative anemia, melena, loss of abdominal detail on
radiographs if perforation present

Loss of detail on radiographs if perforation and peritonitis
present

C-shaped abnormal gas pattern with plication on radiographs

Dilation of bowel cranial to foreign object, radiopaque object in
stomach or intestines, hypochloremic metabolic acidosis on
bloodwork if pyloric outflow obstruction is present

Elevated or decreased WBC; foreign material, WBCs and
bacteria on abdominal fluid, elevated lactate and decreased
glucose on abdominal fluid

Target shaped soft tissue density on abdominal U/S, soft tissue
density with gas dilation cranially on abdominal radiographs

Colonic distension with hard feces on radiographs

Increased or decreased WBC, septic abdominal effusion

Elevated T Bili, ALT, Alk Phos, and WBC hypoechoic hepatic
parenchyma on ultasound hepatomegaly

Elevated T Bili, ALT, Alk Phos, and WBC hyperechoic foci in
gallbladder or sludge on U/S, free gas in wall of gall bladder

Abdominal effusion, bile pigment in effusion

Elevated T Bili, Alk Phos, ALT

Elevated or decreased WBC, elevated T Bili, Alk Phos and
ALT, free gas in hepatic parenchyma on RADS, hypoechoic
mass with hyperechoic material in hepatic parenchyma on U/S

Heteroechoic liver with hyperechoic center on ultrasound

Mixed echogenic mass on ultrasound, soft tissue mass
density on radiographs, elevated alk phos, ALT,
T Bili, hypoglycemia

Surgical (immediate)

Surgical (immediate)

Medical

Medical unless stomach is
in thorax

Medical

Medical

Medical

Medical

Medical

Medical
Surgical (Immediate)

Medical unless perforation
present

Medical unless perforation
present

Surgical (Immediate)

Surgical (Immediate)

Medical unless perforation
present

Surgical (Immediate):
medical management of
primary cause

Medical

Surgical (Immediate)

Medical after biopsy

Surgical (Immediate)

Surgical (Immediate)
Surgical (Immediate)
Surgical (Immediate)

Surgical (Immediate)
Surgical (Immediate or
delayed)
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TABLE 1-24 Conditions That Can Cause Clinical Signs of Acute Abdominal

Pain—cont’d

Diagnostic tests

Treatment

Elevated T Bili, Alk Phos, ALT, amylase and/or lipase, elevated
or decreased WBC, hypocalcemia, focal loss of detail in right
cranial quadrant on radiographs hypo- to hyperechoic
pancreas with hyperechoic peri-pancreatic fat on ultrasound,
abdominal and/or pleural effusion on radiographs
and ultrasound

Pancreatic soft tissue mass effect on radiographs and
ultrasound, elevated amylase and lipase, hypoglycemia,
elevated serum insulin

Splenomegaly on radiographs, hyperechoic spleen with no
blood flow on ultrasound

Soft tissue mass effect and loss of abdominal detail on
radiographs, cavitated mass with abdominal effusion on U/S

Hyperechoic spleen with no blood flow on abdominal U/S,
abdominal effusion, thrombocytopenia

Loss of abdominal detail on radiographs, peritoneal effusion
on U/S, hemoabdomen on abdominocentesis

Diagnosis based primarily on clinical signs

Fracture of the os penis on radiographs

Diagnosis based primarily on clinical signs

Prostatomegaly on radiographs and ultrasound hypoechoic
prostate on U/S, pyuria and bacteriuria and U/A

Prostatomegaly on radiographs and ultrasound hypo- to
hyperechoic prostate on U/S, bacteriuria and pyuria on U/A

Prostatomegaly on radiographs and ultrasound, prostatic
mineralization on radiographs and ultrasound

Hypoechoic kidneys on U/S, pyuria on U/A, elevated WBC,
azotemia

Pyuria, bacteriuria on U/A

Pyelectasia in abdominal U/S, azotemia

Renomegaly on radiographs, azotemia

Renal mass on U/S, renomegaly on radiographs

Renal mass on U/S, azotemia, lack of renal blood flow
on U/S

Calculi in renal pelvis on radiographs and ultrasound, azotemia

Ureteral calculi on radiographs and ultrasound, hydronephrosis,
azotemia

Ureteral calculi on radiographs and ultrasound, hydronephrosis,
fluid or soft tissue density on U/S, azotemia

Diagnosis largely based on physical examination
findings

Medical in most cases
unless abscess or
phlegmon is present

Surgical if mass identified,
otherwise medical
management of
hypoglycemia

Surgical (Immediate)

Surgical (Immediate)
Surgical (Immediate)

Medical unless refractory
hypotension

Medical

Largely medical unless
urethral tear

Medical, although prepuce
may need to be incised to
allow replacement of
penis into sheath

Medical

Surgical (Delayed)
Medical/Surgical
Medical

Medical
Surgical (Immediate)

Surgical (Immediate)
Surgical (Delayed)

Medical unless both
kidneys affected

Medical unless both
kidneys affected

Surgical (Delayed until
electrolyte stabilization)

Medical unless cannot pass
urethral catheter

Continued
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TABLE 1-24 Conditions That Can Cause Clinical Signs of Acute Abdominal

Pain—cont’d

Diagnostic tests

Treatment

Azotemia, no peritoneal effusion, lack of urine output or
outflow with ureteral catheterization, double contrast
cystourethrogram indicated

Transitional cellular casts on U/A, hematuria, mass effect or
thickened irregular urethra on ultrasound or
cystourethrogram

Hypoechoic swollen testicle on testicular ultrasound

Fluid or gas-filled tubular structure on abdominal ultrasound or
abdominal radiographs

Soft tissue tubular structure on radiographs, fluid-filled uterus
on ultrasound, azotemia, isosthenuria, elevated T Bili, ALT
and Alk Phos

Pneumoperitoneum on radiographs, abdominal effusion,
degenerative neutrophils and bacteria on abdominal fluid
cytology

Elevated WBC, increased density to bony endplates on
radiographs

Hypocalcemia, markedly elevated CK

Diagnosis of exclusion

Decreased intervertebral disk space on radiographs,
evidence of disk herniation and cord compression with
myelogram or MRI

Elevated protein and neutrophils on CSF analysis

Muscle biopsy

Mass effect and loss of abdominal detail on radiographs,
mass and peritoneal effusion on ultrasound, anemia

Degenerative neutrophils, plant material, bile pigment, or
bacteria on abdominal fluid cytology; peritoneal effusion
on U/S, loss of abdominal detail on radiographs, elevated or
decreased WBC

Elevated or decreased WBC, retroperitoneal mass effect
on radiographs or ultrasound

Surgical (Delayed until
electrolyte stabilization)

Surgical and medical
management

Surgical (Immediate)
Surgical (Immediate)

Surgical (Immediate)

Surgical (Immediate)

Medical
Medical

Medical
Surgical (Immediate)

Medical
Medical
Surgical (Immediate)

Surgical (Immediate)

Surgical (Immediate)

BOX 1-23 INDICATIONS TO PERFORM EXPLORATORY LAPAROTOMY

e Penetrating abdominal injury
e Presence of bacterial on abdominal fluid

degenerative neutrophils are present
e Presence of food or plant material in lavage fluid

than that in peripheral blood

Presence of bilirubin in lavage fluid
Pneumoperitoneum on radiographs
Continued evidence of peritoneal irritation

Presence of greater than 500 pL of white blood cells in lavage fluid effluent, particularly if

Presence of creatinine, blood urea nitrogen, potassium, or lactate in abdominal fluid greater

Presence of glucose in abdominal fluid less than 50 mg/dL or less than that of peripheral blood
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Diagnostic peritoneal lavage

In the event of a negative abdominocentesis, but peritoneal effusion or bile or gastrointesti-
nal perforation are suspected, perform a diagnostic peritoneal lavage. Peritoneal dialysis
kits are commercially available but are often expensive and impractical (see p. 6).

IMANAGEMENT

Animals that have acute abdominal pain can be divided into three broad categories,
depending on the primary cause of pain and the initial definitive treatment (Table 1-24).
Some diseases warrant a nonsurgical, medical approach to case management. Other condi-
tions require immediate surgery following rapid stabilization. Other conditions initially
can be managed medically until the patient is hemodynamically more stable and then may
or may not require surgical intervention at a later time. Specific management of each
disease entity is listed under its own subheading.

Exploratory laparotomy/celiotomy

Box 1-23 lists specific indications for exploratory laparotomy. The best means to explore
the abdominal cavity accurately and thoroughly is to open the abdomen on midline from
the level of the xyphoid process caudally to the pubis for full exposure and then to evaluate
all organs in every quadrant in a systematic manner. Address specific problems such as gastric
or splenic torsion, enteroplication, and foreign body removal, and then copiously lavage
the abdomen with warmed sterile saline solution. Suction the saline solution thoroughly
from the peritoneal cavity so as to not impair macrophage function. In cases of septic peri-
tonitis, the abdomen may be left open, or a drain may be placed for further suction and
lavage. The routine use of antibiotics in irrigation solutions is contraindicated because the
antibiotics can irritate the peritoneum and delay healing. When the abdominal cavity is left
open, secure sterile laparotomy towels and water-impermeable dressings over the abdom-
inal wound with umbilical tape, and then change these daily or as strike-through occurs.
Open abdomen cases are often effusive and require meticulous evaluation and manage-
ment of electrolyte imbalances and hypoalbuminemia. The abdomen can be closed and/or
the abdominal drain removed when the volume of the effusion decreases, when bacteria are
no longer present, and when the neutrophils become more healthy in appearance.

Additional Reading

Bischoff MG: Radiographic techniques and interpretation of the acute abdomen, Clin Tech Small
Anim Pract 18(1):7-19, 2003.

Bonczynski JJ, Ludwig LL, Barton LJ, et al: Comparison of peritoneal fluid and peripheral blood
pH, bicarbonate, glucose, and lactate as a diagnostic tool for septic peritonitis in dogs and
cats, Ver Surg 32(2):161-166, 2003.

Connally HE: Cytology and fluid analysis of the acute abdomen, Clin Tech Small Anim Pract
18(1):39-44, 2003.

Cruz-Arambulo R, Wrigley R: Ultrasonography of the acute abdomen, Clin Tech Small Anim
Pract 18(1):20-31, 2003.

Herren V, Edwards L, Mazzaferro EM: Acute abdomen: diagnosis, Compend Contin Educ Pract
Vet 26(5):350-363, 2004.

Hofmeister EH: Anesthesia for the acute abdomen patient, Clin Tech Small Anim Pract 18(1):
45-52,2003.

Mann FA: Acute abdomen: evaluation and emergency treatment. In Bonagura JD, editor: Kirk’s
current veterinary therapy XIII, Philadelphia, 2002, WB Saunders.

Mazzaferro EM: Triage and approach to the acute abdomen, Clin Tech Small Anim Pract 18(1):
1-6, 2003.

Mueller MG, Ludwig LL, Barton LJ: Use of closed-suction drains to treat generalized peritonitis
in dogs and cats: 40 cases (1997-1999), ] Am Vet Med Assoc 219(6):789-794, 2001.

Schmiedt C, Tobias KM, Otto CM: Evaluation of abdominal fluid: peripheral blood creatinine
and potassium ratios for diagnosis of uroperitoneum in dogs, J Vet Emerg Crit Care 11(4):
275-280, 2001.

Walters JM: Abdominal paracentesis and diagnostic peritoneal lavage, Clin Tech Small Anim
Pract 18(1):32-38, 2003.
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ANAPHYLACTIC (ANAPHYLACTOID) SHOCK

Anaphylactic shock occurs as an immediate hypersensitivity reaction to a variety of incit-
ing stimuli (Box 1-24). In animals, the most naturally occurring anaphylactic reaction
results from wasp or bee stings. Most other reactions occur as a result of an abnormal sensi-
tivity to items used in making medical diagnoses or treatment.

During an anaphylactic reaction, activation of C5a and the complement system results
in vascular smooth muscle dilation and the release of a cascade of inflammatory mediators,
including histamine, slow-reacting substance of anaphylaxis, serotonin, heparin, acetyl-
choline, and bradykinin.

Clinical signs associated with anaphylaxis differ between dogs and cats. In dogs, clinical
signs may include restlessness, vomiting, diarrhea, hematochezia, circulatory collapse,
coma, and death. In cats, clinical signs often are associated with respiratory system abnor-
malities. Clinical signs may include ptyalism, pruritus, vomiting, incoordination, broncho-
constriction, pulmonary edema and hemorrhage, laryngeal edema, collapse, and death.

IMMEDIATE ACTION/ TREATMENT

The most important steps to remember in any emergency is to follow the ABCs of Airway,
Breathing, and Circulation. First, establish an airway through endotracheal intubation or
emergency tracheostomy, if necessary. Concurrently, an assistant should establish vascular
or intraosseous access to administer drugs and fluids (Box 1-25).

DiFFeRENTIAL DIAGNOSIS

Differential diagnoses to consider for anaphylactic shock include the following:
Any cause of vomiting, diarrhea
Toxin
Internal hemorrhage
Congestive heart failure

BOX 1-24 INCITING ALLERGENS THAT CAN CAUSE ANAPHYLACTOID REACTIONS,
ANGIONEUROTIC EDEMA, OR URTICARIA
e Adrenocorticotropic hormone ¢ Oxytocin
¢ Antihistamines/antitoxins (foreign serums) e Penicillin
¢ Benzocaine e Penicillinase
o Chloramphenicol e Procaine
¢ Erythromycin e Salicylates
e Food e Streptomycin
e Heparin e Tetracaine
o Hypersensitization and skin testing o Tetracycline
e Insect stings ¢ Tranquilizers
e Insulin e Vaccines
e Jodinated contrast media ¢ Vancomycin
e Lidocaine e Vitamins

BOX 1-25 IMMEDIATE TREATMENT OF ANAPHYLACTIC SHOCK

1. Administer epinephrine (0.01 mL/kg 1:1000 epinephrine IV or I10). If vascular access cannot
be established, administer the epinephrine intramuscularly (0.2 to 0.5 mL/kg). Repeat epinephrine
dose in 10 to 15 minutes if clinical signs are not resolving.

2. Start intravenous crystalloid fluids (Normosol-R, PlasmaLyte-M, lactated Ringer’s solution) at
one fourth of a calculated shock dose (90 mL/kg/hour in dogs, 44 mL/kg/hour in cats).

3. Administer a short-acting steroid (dexamethasone sodium phosphate [Dex-SP], 0.25 to
1.0 mg/kg IV).

4. Administer antihistamines. Administer diphenhydramine (0.5 mg/kg IM). Administer famotidine
(0.5 to 1.0 mg/kg IV).
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Lower airway disease
Upper airway obstruction

MIANAGEMENT

The patient should be hospitalized until complete resolution of clinical signs. After initial
stabilization and treatment, it is important to maintain vascular access and continue intra-
venous fluid therapy until the patient is no longer hypotensive, and vomiting and diarrhea
have resolved. In cases of fulminant pulmonary hemorrhage and edema, administer
supplemental oxygen until the patient is no longer hypoxemic or orthopneic on room air.
Normalize and maintain blood pressure using positive inotropes (dobutamine, 3-10 pg/kg/
minute CRI) or pressors (dopamine, 3 to 10 pg/kg/minute IV CRI; SEE SHOCK). If blood-
tinged vomitus or diarrhea has been observed, administer antibiotics to decrease the
risk of bacterial translocation and sepsis (cefoxitin, 22 mg/kg IV tid; metronidazole,
10 mg/kg IV tid). Also consider using gastroprotectant drugs (famotidine, 0.5 to 1.0 mg/kg
IV; ranitidine, 0.5 to 2.0 mg/kg PO, IV, IM bid; sucralfate, 0.25 to 1.0 g PO tid; omeprazole,
0.7 to 1.0 mg/kg PO sid).

ANGIONEUROTIC EDEMA AND URTICARIA

A second and less serious form of allergic reaction is manifested as angioneurotic edema
and urticaria. In most cases, clinical signs develop within 20 minutes of an inciting allergen.
Although this type of reaction causes patient discomfort, it rarely poses a life-threatening
problem. Most animals have mild to severe swelling of the maxilla and periorbital regions.
The facial edema also may be accompanied by mild to severe generalized urticaria. Some
animals may paw at their face, rub at their eyes, or have vomiting or diarrhea.

IMMEDIATE ACTION/ TREATMENT

The treatment for angioneurotic edema involves suppressing the immune response by
administration of short-acting glucocorticoid drugs and blocking the actions of histamine
by the synergistic use of histamine; and histamine, receptor blockers (Box 1-26).

DiFFeRENTIAL DiagNOSIS

In some cases, the inciting cause is a known recent vaccination or insect sting. Many times,
however, the inciting cause is not known and is likely an exposure to a stinging insect or
arachnid. Differential diagnoses for acute facial swelling and/or urticaria include acetamin-
ophen toxicity (cats), anterior caval syndrome, lymphadenitis, vasculitis, hypoalbuminemia,
and contact dermatitis.

IMANAGEMENT

Observe animals that have presented for angioneurotic edema for a minimum of 20
to 30 minutes after injection of the short-acting glucocorticoids and antihistamines.
Monitor blood pressure to make sure that the patient does not have concurrent anaphy-
laxis and hypotension. After partial or complete resolution of clinical signs, the animal can
be discharged to its owner for observation. In dogs, mild vomiting or diarrhea may occur
within 1 to 2 days after this type of reaction. Wherever possible, exposure to the inciting
allergen should be avoided.

BOX 1-26 IMMUNE RESPONSE SUPPRESSION AGENTS FOR ANGIONEUROTIC EDEMA

o Administer short-acting glucocorticoid:

¢ Dexamethasone sodium phosphate (Dex-SP), 0.25 to 1.0 mg/kg IV, SQ, IM
o Administer antihistamines:

¢ Diphenhydramine, 0.5 to 1.0 mg/kg IM, SQ

¢ Famotidine, 0.5 to 1.0 mg/kg IV, SQ, IM
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ANESTHETIC COMPLICATIONS AND EMERGENCIES

Complications observed while a patient is under anesthesia can be divided into two broad
categories: (1) those related to equipment malfunction or human error and (2) the
patient’s physiologic response to the cardiorespiratory effects of the anesthetic drugs.
Careful observation of the patient and familiarity with anesthetic equipment, drug proto-
cols, and monitoring equipment is necessary for the safest anesthesia to occur. Despite this,
however, anesthetic-related complications are frequent and need to be recognized and
treated appropriately.

THE RESPIRATORY SYSTEM

Many anesthetic drugs have a dose-dependent depressive effect on the respiratory system
and cause a decrease in respiratory rate and tidal volume, leading to hypoventilation.
Respiratory rate alone is not a reliable indicator of the patient’s oxygenation and ventila-
tory status. The respiratory tidal volume can be measured with a Wright’s respirometer.
Perform pulse oximetry and capnography as noninvasive measures of the patient’s
oxygenation and ventilation.

Ventilation can be impaired as a result of anesthetic drugs, patient position, pneumoth-
orax, pleural effusion (chylothorax, hemothorax, pyothorax), equipment malfunction,
rebreathing of carbon dioxide, thoracic wall injury, or alveolar fluid (pulmonary edema,
hemorrhage, or pneumonia). Problems such as a diaphragmatic hernia, GDV, or gravid
uterus can impede diaphragmatic excursions once the patient is placed on its back and can
lead to impaired ventilation. The work of breathing also may be increased because of
increased resistance of the anesthesia circuit and increased dead space ventilation. This is
particularly important in small toy breeds.

Clinical signs of inadequate ventilation and respiratory complications include abnor-
mal respiratory pattern, sudden changes in heart rate, cardiac dysrhythmias, cyanosis, and
cardiopulmonary arrest. End-tidal carbon dioxide, or capnography, gives a graphic display
of adequacy of ventilation. Rapid decreases in end-tidal carbon dioxide can be caused by
disconnection or obstruction of the patient’s endotracheal tube or poor perfusion, namely,
cardiopulmonary arrest (see Capnometry [End-Tidal Carbon Dioxide Monitoring]).

Postoperatively, hypoventilation can occur because of the residual effects of the anes-
thetic drugs, hypothermia, overventilation during intraoperative support, surgical tech-
niques that compromise ventilation (thoracotomy, cervical disk surgery, atlantooccipital
stabilization), postoperative bandaging of the abdomen or thorax, ventilatory muscle
fatigue, or injury to the CNS.

CARDIOVASCULAR SYSTEM

Cardiac output is a function of heart rate and stroke volume. Factors that influence stroke
volume include vascular and cardiac preload, cardiac afterload, and cardiac contractility.
The patient’s cardiac output can be affected adversely by the negative inotropic and
chronotropic and vasodilatory effects of anesthetic drugs, all leading to hypotension.
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Bradycardia, tachycardia, cardiac dysrhythmias, and vascular dilation can lead to hypoten-
sion and inadequate organ perfusion. Table 1-25 lists the normal heart rate and blood
pressure in dogs and cats.

Bradycardia

Bradycardia is defined as a heart rate below normal values. Many anesthetic drugs can
cause bradycardia. Causes of bradycardia include the use of narcotics or 0,-agonist drugs,
deep plane of anesthesia, increased vagal tone, hypothermia, and hypoxia. Table 1-26 lists
the causes of bradycardia and the necessary immediate action or treatment.

Tachycardia

Tachycardia is defined as a heart rate above normal values. Common causes of tachycardia
include vasodilation, drugs, inadequate anesthetic depth and perceived pain, hypercapnia,
hypoxemia, hypotension, shock, or hyperthermia. Table 1-27 lists the causes and immedi-
ate action or treatment for tachycardia.

Hypotension

Hypotension is defined as physiologically low blood pressure (mean arterial pressure less
than 65 mm Hg). A mean arterial blood pressure less than 60 mm Hg can result in inade-
quate tissue perfusion and oxygen delivery. The coronary arteries are perfused during
diastole. Inadequate diastolic blood pressure, less than 40 mm Hg, can cause decreased
coronary artery perfusion and myocardial hypoxemia that can predispose the heart to
dysrhythmias. Causes of perianesthetic hypotension include peripheral vasodilation by
anesthetic drugs, bradycardia or tachyarrhythmias, hypothermia, inadequate cardiac
preload from vasodilation or hemorrhage, decreased venous return from patient position
or surgical manipulation of viscera, and decreased cardiac contractility. Table 1-28 lists
possible causes of hypotension and immediate actions to take.

TABLE 1-25 Normal Parameters for Heart Rate and Blood Pressure in Dogs

and Cats
Normal blood pressure (mm Hg)
Normal heart rate
Species (beats/minute) Systolic Diastolic Mean
Dogs (large) 60-100 100-160 60-90 80-120
Dogs (medium) 80-120
Dogs (small) 90-140
Cats 140-200 100-160 60-90 80-120

TABLE 1-26 Causes and Treatment of Bradycardia

Cause Immediate action

Anesthetic drug:

Opioid Reverse effects with naloxone.

0,-Agonist Reverse effects with yohimbine or atipamezole.
Deep anesthesia Decrease vaporizer setting.
Increased vagal tone Administer a parasympatholytic (atropine or glycopyrrolate).
Hypothermia Provide ambient rewarming.

Hypoxia Provide supplemental oxygen.
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TABLE 1-27 Causes and Treatment of Tachycardia

Cause Immediate action
Vagolytic drugs
Atropine Allow time for the drug to wear off.
Glycopyrrolate Allow time for the drug to wear off.
Sympathomimetic drugs
Epinephrine Allow time for the drug to wear off; administer a B-blocker;
turn off infusion.
Isoproterenol Administer a 3-blocker.
Dopamine Turn off infusion; administer a B-blocker.

Ketamine Allow time for drug to wear off.

Inadequate anesthetic depth Increase anesthetic depth.

Hypercapnia Increase ventilation (assisted ventilation).

Hypoxemia Increase gas flow and oxygenation.

Hypotension Decrease anesthetic depth; administer an intravenous
crystalloid or colloid bolus, positive inotrope drug,
positive chronotrope drug, or pressor.

Hyperthermia Apply ambient or active cooling measures; administer
dantrolene sodium if malignant hyperthermia is suspected.

TABLE 1-28 Causes and Treatment of Perianesthetic Hypotension
Cause Immediate action
Hypothermia Provide ambient rewarming.
Hypocalcemia® Administer calcium chloride (10 mg/kg IV) or calcium gluconate

Increased anesthetic

Vasodilation

Negative inotropy

Bradycardia

(23 mg/kg).
Decrease vaporizer setting/anesthetic depth.
Reverse with opioids or o,-agonists.
Administer an intravenous crystalloid bolus (10 mL/kg).
Administer an intravenous colloid bolus (5 mL/kg).
Administer a pressor (epinephrine, phenylephrine).
Decrease anesthetic depth.
Administer ephedrine (0.1-0.25 mg/kg IV).
Administer dobutamine (2-20 pg/kg IV CRI).
Administer dopamine (2-10 pg/kg/minute).
Administer norepinephrine (0.05-0.4 pg/kg/minute IV CRI).
Administer epinephrine (0.05-0.4 pg/kg/minute IV CRI).
Administer atropine (0.01-0.04 mg/kg IV or SQ).
Administer glycopyrrolate (0.005-0.02 mg/kg IV, SQ).

*Hypocalcemia caused by chelation from EDTA with multiple blood product transfusion (cats are

particularly susceptible).

Cardiac dysrhythmias

Electrocardiogram monitoring is useful for the early detection of cardiac dysrhythmias
during the perianesthetic period. Clinical signs of cardiac dysrhythmias include irregular
pulse rate or pressure, abnormal or irregular heart sounds, pallor, cyanosis, hypotension,
and an abnormal ECG tracing. Remember that the single best method of detecting cardiac
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dysrhythmias is with your fingertips (palpate a pulse or apex heartbeat) and ears (auscultate
the heart). Confirm the dysrhythmia by auscultating the heart rate and rhythm, identify the
P waves and the QRS complexes, and evaluate the relationship between the P waves and
QRS complexes. Is there a P wave for every QRS, and a QRS for every P wave? During anes-
thesia, fluid, acid-base, and electrolyte imbalances can predispose the patient to dysrhyth-
mias. Sympathetic and parasympathetic stimulation, including the time of intubation, can
predispose the patient to dysrhythmias. If the patient’s plane of anesthesia is too light,
perception of pain can cause catecholamine release, sensitizing the myocardium to ectopic
beats. Atrioventricular blockade can be induced with the administration of o,-agonist
medications, including xylazine and medetomidine. Thiobarbiturates (thiopental) can
induce ventricular ectopy and bigeminy. Although these dysrhythmias may not be harmful
in the awake patient, anesthetized patients are at a particular risk of dysrhythmia-induced
hypotension. Carefully monitor and treat all dysrhythmias (see Cardiac Dysrhythmias).
Box 1-27 lists steps to take to prevent perianesthetic dysrhythmias.

DeptH EvaLuation AND Human ERROR

Awakening during anesthesia can occur and can be caused by equipment failure and
simply, although no one likes to admit it, human error. Table 1-29 lists causes of arousal
during anesthesia and appropriate immediate actions.

BOX 1-27 STEPS TO PREVENT PERIANESTHETIC DYSRHYTHMIAS

e Stabilize acid-base and electrolyte balance before anesthetic induction, whenever possible.
o Rehydrate patient before anesthetic induction.

o Select anesthetic agents appropriate for the particular patient.

o Be aware of the effects of the drugs on the myocardium.

¢ Ensure adequate anesthetic depth and oxygenation before anesthetic induction.

¢ Ensure ventilatory support during anesthesia.

¢ Monitor heart rate, rhythm, blood pressure, pulse oximetry, and capnometry during anesthesia.
¢ Ensure adequate anesthetic depth before surgical stimulation.

¢ Avoid surgical manipulation to the heart or great vessels, whenever possible.

o Avoid changes in perianesthetic depth.

¢ Avoid hypothermia.

TABLE 1-29 Causes and Treatment of Arousal during Anesthesia

Cause

Immediate action

Postinduction hypoventilation

Too low an inspired gas flow

Fresh gas flow too low

Equipment malfunction in machine or
vaporizer

Esophageal intubation

Undersized endotracheal tube with leaks
Inadequate endotracheal cuff inflation
Surgical stimulus

Conditions that mimic anesthetic
arousal (e.g., malignant hyperthermia)

Increase ventilatory rate and volume.
Increase anesthetic gas flow.

Increase fresh gas flow.

Change anesthetic machines.

Reintubate into trachea, and check placement
with capnometry or laryngoscope.

Replace with appropriate sized endotracheal
tube.

Inflate endotracheal cuff appropriately to
decrease leaks.

Increase depth of anesthesia.

Awaken patient, and administer dantrolene
sodium.
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POSTANESTHETIC COMPLICATIONS

Delayed recovery can be caused by a number of factors, including excessive anesthetic
depth, hypothermia, residual action of narcotics or tranquilizers, delayed metabolism of
anesthetic drugs, hypoglycemia, hypocalcemia, hemorrhage, and breed or animal predis-
position. Careful monitoring of the patient’s blood pressure, acid-base and electrolyte
status, anesthetic depth, PCV, and vascular volume intraoperatively and taking care with
supportive measures to prevent abnormalities can hasten anesthetic recovery and avoid
postoperative complications.

Additional Reading

Gaynor JS, Muir WW: Handbook of veterinary pain management, St Louis, 2003, Mosby.

Mazzaferro EM, Wagner AE: Hypotension during anesthesia in dogs and cats: recognition,
causes, and treatment, Compend Contin Educ Pract Vet 23(8):728-737, 2001.

Melzack R, Wall PD: Handbook of pain management: a clinical companion to Wall and Melzack’s
textbook of pain, Edinburgh, 2003, Churchill Livingstone.

Muir WW, Hubbell JAE, Skarda RT, et al: Handbook of veterinary anesthesia, ed 3, St Louis, 2000,
Mosby.

Thurmon JC, Tranquilli WJ, Benson GJ: Lumb and Jones veterinary anesthesia, ed 3,
Philadelphia, 1996, Lippincott Williams & Wilkins.

BLEEDING DISORDERS

The presentation of a patient with a bleeding disorder often is a diagnostic challenge for
the veterinary practitioner (Boxes 1-28 and 1-29). In general, abnormal bleeding can be
caused by five major categories: (1) vascular trauma, (2) defective production of hemo-
static factors, (3) dilution of hemostatic factors, (4) use or toxicity of systemic anticoagu-
lants, and (5) DIC. A clotting disorder should be suspected in any patient with a history of

BOX 1-28 CAUSES OF DEFECTIVE PRIMARY HEMOSTASIS

THROMBOCYTOPENIA Systemic illness
Impaired or defective thrombopoiesis Uremia
Immune-mediated destruction Pancreatitis
Myelophthisis Ehrlichiosis
Drug-induced Dysproteinemias
Decreased platelet life span in circulation Myeloproliferative and myelodysplastic
Antibody-mediated platelet destruction disorders
Consumption in disseminated intravascular Disseminated intravascular coagulation
coagulopathy Antiplatelet drugs
Aspirin
THROMBOCYTOPATHIA
Congenital illness
Von Willebrand’s disease
Other hereditary thrombocytopathies

BOX 1-29 CAUSES OF DEFECTIVE SECONDARY HEMOSTASIS

Clotting factor deficiency Circulating inhibitors of coagulation
Decreased production Heparin
Hereditary causes Fibrin degradation products

Chronic hepatic insufficiency/failure

Vitamin K antagonist rodenticides
Increased consumption

Disseminated intravascular coagulation

Hemangiosarcoma
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development of spontaneous deep hematomas, unusually prolonged bleeding after trau-
matic injury, bleeding at multiple sites throughout the body involving multiple organ
systems, delayed onset of severe hemorrhage after bleeding, and an inability on the practi-
tioner’s part to find an organic cause of bleeding. The signalment, history, clinical signs,
and results of coagulation often can aid in making a rapid diagnosis of the primary cause
of the disorder and in the selection of appropriate case management. When taking a
history, ask the following important questions:

+ What is the nature of the bleeding?

+ What sites are affected?

+ How long has the bleeding been going on?

* Has your animal had any previous or similar episodes?

« Is there any possibility of any toxin exposure?

+ If so, when and how much did your animal consume?

+ Is there any possibility of trauma?

+ Does your animal run loose outdoors unattended?

+ Have you ever traveled, and if so, where?

+ Has your animal been on any medications recently or currently?

+ Has your animal been vaccinated recently?

+ Have any known relatives of your animal had any bleeding disorders?

+ Are there any other abnormal signs that you have seen?

Abnormalities found on physical examination may aid in determining whether the
hemorrhage is localized or generalized (i.e., bleeding from a venipuncture site versus bleed-
ing diathesis). Note whether the clinical signs are associated with a platelet problem and
superficial hemorrhage or whether deep bleeding can be associated with abnormalities of
the coagulation cascade. Also, make an attempt to identify any concurrent illness that can
predispose the patient to a bleeding disorder (i.e., pancreatitis, snakebite, sepsis, immune-
mediated hemolytic anemia, or severe trauma and crush or burn injury).

Abnormalities associated with coagulopathies include petechiae and ecchymoses, epis-
taxis, gingival bleeding, hematuria, hemarthrosis, melena, and hemorrhagic cavity (pleural
and peritoneal or retroperitoneal) effusions.

SPECIFIC COAGULOPATHIES
Disseminated intravascular coagulation (DIC)

Disseminated intravascular coagulation is a complex syndrome that results from the inap-
propriate activation of the clotting cascade, leading to disruption of the normal balance
between thrombosis and fibrinolysis. The formation of diffuse microthrombi with concur-
rent consumption of platelets and activated clotting factors leads to end-organ thrombosis
with various degrees of clinical hemorrhage. In animals, DIC always results from some
other pathologic process, including various forms of neoplasia, crush and heat-induced
injury, sepsis, inflammation, and immune-mediated disorders (Box 1-30). The pathophys-
iologic mechanisms involved in DIC include vascular endothelial damage, activation and
consumption of platelets, release of tissue procoagulants, and consumption of endogenous
anticoagulants.

Diagnosis of disseminated intravascular coagulation

Because DIC always results from some other disease process, diagnosis of DIC is based on
a number of criteria when evaluating various coagulation tests, peripheral blood smears,
platelet count, and end products of thrombosis and fibrinolysis.

There is no one definitive criterion for the diagnosis of DIC (Box 1-31). Thrombo-
cytopenia occurs as platelets are consumed during thrombosis. It is important to remember
that trends in decline in platelet numbers are just as important as thrombocytopenia
when making the diagnosis. In some cases the platelet count still may be within the normal
reference range but has significantly decreased in the last 24 hours. Early in DIC the
procoagulant cascade dominates, with hypercoagulability. Activated clotting time, APTT,
and PT may be rapid and shorter than normal. In most cases, we do not recognize the
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BOX 1-30 DISORDERS ASSOCIATED WITH DISSEMINATED INTRAVASCULAR
COAGULATION IN THE DOG

Neoplasia Heartworm disease
Hemangiosarcoma Immune-mediated disease
Lymphoma Immune-mediated hemolytic anemia

Inflammation Trauma
Pancreatitis Crush injury
Heat-induced injury Burn injury
Gastric dilatation-volvulus Snake envenomation
Mesenteric torsion

Sepsis
Gram-negative and gram-positive sepsis
Septic peritonitis
Gangrenous mastitis
Pyothorax

BOX 1-31 LABORATORY FINDINGS ASSOCIATED WITH A DIAGNOSIS
OF DISSEMINATED INTRAVASCULAR COAGULATION®

Red blood cell fragments

Thrombocytopenia

Rapid or prolonged activated partial thromboplastin time

Rapid or prolonged prothrombin time

Rapid or prolonged activated clotting time

Hypofibrinogenemia

Positive fibrin degradation products without concurrent hepatic disease
Decrease in antithrombin concentration

Positive D-dimer test

*More than one of the above criteria should be present to aid in the diagnosis of disseminated intravascular coagu-
lation.

hypercoagulable state in our critically ill patients. Later in DIC, as platelets and activated
clotting factors become consumed, the ACT, APTT, and PT become prolonged.
Antithrombin, a natural anticoagulant, also becomes consumed, and antithrombin levels
decline. Antithrombin levels can be measured at commercial laboratories and in some large
veterinary institutions. The end products of thrombosis and subsequent fibrinolysis also
can be measured. Fibrinogen levels may decline, although this test is not sensitive or
specific for DIC. Fibrin degradation (split) products also become elevated. Fibrin degrada-
tion products are normally cleared by the liver, and these also become elevated in cases of
hepatic failure because of lack of clearance. More recently, cageside D-dimer tests have
become available to measure the breakdown product of cross-linked fibrin as a more sensi-
tive and specific monitor of DIC.

Management of disseminated intravascular coagulation

Management of DIC first involves treating the primary underlying cause. By the time DIC
becomes evident, rapid and aggressive treatment is necessary. If you are suspicious of DIC
in any patient with a disease known to incite DIC, then ideally, you should begin treatment
BEFORE the hemostatic abnormalities start to occur for the best possible prognosis.
Treatment involves replacement of clotting factors and antithrombin and prevention of
further clot formation. To replenish clotting factors and antithrombin, administer fresh
whole blood or fresh frozen plasma. Heparin requires antithrombin as a cofactor to inactivate
thrombin and other activated coagulation factors. Administer heparin (50 to 100 units/kg SQ
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q6-8h of unfractionated heparin; or fractionated enoxaparin [Lovenox], 1 mg/kg SQ bid).
Aspirin (5 mg/kg PO bid in dogs; every third day in cats) also can be administered to prevent
platelet adhesion. Management of DIC also involves the rule of twenty monitoring and case
management to maintain end-organ perfusion and oxygen delivery (see the Rule of 20).

ConGEeNITAL DerecTs oF HEMOSTASIS

Factor VIII deficiency (hemophilia A)

Hemophilia A is a sex-liked recessive trait that is carried by females and manifested in
males. Female hemophiliacs can occur when a hemophiliac male is bred with a carrier
female. Hemophilia A has been reported in cats and a number of dog breeds, including
Miniature Schnauzer, Saint Bernard, Miniature Poodle, Shetland Sheepdog, English and
Irish Setters, Labrador Retriever, German shepherd, Collie, Weimaraner, Greyhound,
Chihuahua, English bulldog, Samoyed, and Vizsla. Mild to moderate internal or external
bleeding can occur. Clinical signs of umbilical cord bleeding can become apparent in some
animals shortly after weaning. Gingival hemorrhage, hemarthrosis, gastrointestinal hemor-
rhage, and hematomas may occur. Clotting profiles in animals with factor VIII deficiency
include prolonged APTT and ACT. The PT and buccal mucosa bleeding time are normal.
Affected animals have low factor VIII activity but normal to high levels of factor
VIII-related antigen. Carrier females can be detected by low (30% to 60% of normal)
factor VIII activity and normal to elevated levels of factor VII-related antigen.

Von Willebrand’s disease

Von Willebrand’s disease is a deficiency or defect in von Willebrand’s protein. A number of
variants of the disease have been described: Von Willebrand’s disease type I is associated
with a defect in factor VIIR/protein concentration, and von Willebrand’s disease type II is
associated with a defect in VIIIR:vWE. Type I von Willebrand’s disease is most common in
veterinary medicine. Von Willebrand’s disease has been identified in more than 29 breeds
of dogs, with an incidence that varies from 10% to 60% depending on the breed of origin.
Affected breeds include Doberman Pinchers, German Shepherd Dogs, Scottish Terriers and
standard Manchester Terriers, Golden Retrievers, Chesapeake Bay Retrievers, Miniature
Schnauzers, and Pembroke Welsh Corgis. Two forms of genetic expression occur: (1) auto-
somal recessive disease in which homozygous von Willebrand’s disease individuals have a
bleeding disorder, whereas heterozygous individuals carry the trait but are clinically
normal. The second variant of genetic expression involves an autosomal dominant disease
with incomplete expression such that heterozygous individuals are affected carriers and
homozygous individuals are severely affected. Von Willebrand’s disease has high morbid-
ity, but fortunately a low mortality. Dogs with 30% or less than normal vWF tend to
hemorrhage. Platelet counts are normal, but bleeding times can be prolonged. The APTT
can be slightly prolonged when factor VIII is less than 50% of normal. Routine screening
tests are nondiagnostic for this disease, although in a predisposed breed with a normal
platelet count, a prolonged buccal mucosa bleeding time strongly supports a diagnosis of
von Willebrand’s disease. Documentation of clinical bleeding with low or undetectable
levels of factor VIII antigen or platelet-related activities of vVWEF support a diagnosis of von
Willebrand’s disease. Recessive animals have zero vWF:antigen (a subunit of factor III);
heterozygotes have 15% to 60% of normal. In the incompletely dominant form, levels of
vWEF antigen are reduced (less than 7% to 60%). Clinical signs in affected animals include
epistaxis, hematuria, diarrhea with melena, penile bleeding, lameness, hemarthrosis,
hematoma formation, and excessive bleeding with routine procedures such as nail trim-
ming, ear cropping, tail docking, surgical procedures (spay, neuter), and lacerations.
Estrous and postpartum bleeding may be prolonged. A DNA test to detect carriers of the
VWF gene is available through VetGen (Ann Arbor, Michigan) and Michigan State
University. Patients with von Willebrand’s disease should avoid drugs known to affect
platelet function adversely (sulfonamide, ampicillin, chloramphenicol, antihistamines,
theophylline, phenothiazine tranquilizers, heparin, and estrogen).
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Factor IX (Christmas factor) deficiency (hemophilia B)

Hemophilia B is an X-linked recessive trait that occurs with less frequency that hemophilia
A. The disease has been reported in Scottish Terriers, Shetland and Old English Sheepdogs,
Saint Bernards, Cocker Spaniels, Alaskan Malamutes, Labrador Retrievers, Bichon Frises,
Airdale Terriers, and British Shorthair cats. Carrier females have low (40% to 60% of
normal) factor IX activity. Clinical signs are more severe than for hemophilia A.

Factor VII deficiency

Congenital deficiencies of factor VII have been reported as an autosomal, incompletely
dominant characteristic in Beagles. Heterozygotes have 50% factor VII deficiency. Bleeding
tends to be mild. The PT is prolonged in affected individuals.

Factor X deficiency

Factor X deficiency has been documented in Cocker Spaniels and resembles fading-puppy
syndrome in newborn dogs. Internal or umbilical bleeding can occur, and affected dogs
typically die. Bleeding may be mild in adult dogs. In severe cases, factor X levels are reduced
to 20% of normal; in mild cases, factor X levels are 20% to 70% of normal.

Factor XII (Hageman factor) deficiency

Factor XII deficiency has been documented as an inherited autosomal recessive trait in
domestic cats. Heterozygotes can be detected because they have a partial deficiency (50%
of normal) of factor XII. Homozygote cats have less than 2% factor XII activity. Deficiency
of Hageman factor usually does not result in bleeding or other disorders.

Factor XI deficiency

Factor XI deficiency is an autosomal disease that has been documented in Kerry Blue
Terriers, Great Pyrenees, and English Springer Spaniels. In affected individuals, protracted
bleeding may be observed. Homozygotes have low factor XI activity (< 20% of normal),
and heterozygotes have 40% to 60% of normal.

Management of congenital defects of hemostasis

The management of congenital defects of hemostasis typically involves replenishing the
clotting factor that is present. Usually, this can be accomplished in the form of fresh frozen
plasma transfusion (20 mL/kg). If anemia is present because of severe hemorrhage, fresh
whole blood or packed RBCs also can be administered. Recent research has investigated the
use of recombinant gene therapy in the treatment of specific factor deficiencies in dogs;
however, the therapy is not yet available for use in clinical practice.

In cases of von Willebrand’s disease, administration of fresh frozen plasma (10 to
20 mL/kg) or cryoprecipitate (1 unit/10 kg body mass) provides vWE, factor VIII, and
fibrinogen. Doses can be repeated until hemorrhage ceases. 1-Desamino-8-D-arginine
vasopressin (DDAVP) also can be administered (1 ng/kg SC or IV diluted in 0.9% saline
given over 10 to 20 minutes) to the donor and patient to increase the release of stored vWF
from endothelial cells. A fresh whole blood transfusion can be obtained from the donor
and immediately administered to the patient, or spun down and the fresh plasma admin-
istered if RBCs are not needed. Administer a dose of DDAVP to any affected dog before
initiating any elective surgical procedures. A supply of fresh frozen plasma and RBCs
should be on hand, should uncontrolled hemorrhage occur.

Acauirep Disorpers OF HEMOSTASIS

Platelets are essential to normal blood coagulation. After a vessel is damaged, release
of vasoactive amines causes vasoconstriction and sluggish flow of blood in an attempt to
squelch hemorrhage. Platelets become activated by platelet activating factor, and attach
to the damaged vascular endothelium. Normal platelet adhesion depends on mediators
such as calcium, fibrinogen, vWF:antigen, and a portion of factor VIIIL. After adhesion,
the platelets undergo primary aggregation and release a variety of chemical mediators
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including adenosine diphosphate, prostaglandins, serotonin, epinephrine, thromboplastin,
and thromboxane A that promote secondary aggregation and contraction. Platelet abnor-
malities can include decreased platelet production (thrombocytopenia), decreased platelet
function (thrombocytopathia), increased platelet destruction, increased platelet consump-
tion, and platelet sequestration.

Thrombocytopathia

Thrombocytopathia refers to platelet function abnormalities. Alterations in platelet function
can affect platelet adhesion, aggregation, or release of vasoactive substances that help form
a stable clot (Box 1-32). In von Willebrand’s disease there is a deficiency in vWF:antigen
that results in altered platelet adhesion. Vascular purpuras are reported and have been seen
in collagen abnormalities such as Ehlers-Danlos syndrome, which can be inherited as an
autosomal dominant trait with complete penetrance and has been recognized in German
Shepherd Dogs, Dachshunds, Saint Bernards, and Labrador Retrievers.

Thrombasthenic thrombopathia is a hereditary autosomal dominant abnormality that
has been described in Otterhounds, Foxhounds and Scottish Terriers. In this condition,
platelets do not aggregate normally in response to adenosine diphosphate and thrombin
stimulation.

Evaluation of platelet function is based on a total platelet count, buccal mucosa
bleeding time, and thromboelastography. Platelet function defects (thrombocytopenia and
thrombocytopathia) can affect both sexes. Clinical signs can resemble von Willebrand’s
disease. In most cases, buccal mucosa bleeding time will be prolonged, but platelet count
and clotting tests will be normal.

BOX 1-32 CAUSES OF THROMBOCYTOPATHIA

Drugs INHERITED
Aspirin or other nonsteroidal antiinflamma- Thrombasthenic thrombopathia of

tory drugs Otterhounds
Heparin Glanzmann’s thrombasthenia of Great
Phenothiazine tranquilizers Pyrenees
Cephalosporin Thrombopathia of Bassett Hound and

American Eskimo Dog (Spitz)

SysTEMIC DISORDERS Cyclic hematopoiesis of the gray Collie
Uremia Platelet storage pool disease of American
Liver disease Cocker Spaniel

HEmATOLOGIC DISORDERS
Antiplatelet antibody production
Myeloproliferative disorders
Dysproteinemia

von Willebrand’s disease defects

Thrombocytopenia

Platelet count can be decreased because of problems with production, increased consump-
tion, sequestration, or destruction. Causes of accelerated platelet destruction are typically
immune-mediated autoantibodies, drug antibodies, infection, and isoimmune destruction.
Consumption and sequestration usually are caused by DIC, vasculitis, microangiopathic
hemolytic anemia, severe vascular injury, hemolytic uremic syndrome, and gram-negative
septicemia. Primary thrombocytopenia with no known cause has been called idiopathic
thrombocytic purpura. In approximately 80% of the cases, thrombocytopenia is associated
with immune-mediated destruction caused by immune-mediated hemolytic anemia, systemic
lupus erythematosus, rheumatoid arthritis, DIC, and diseases that affect the bone marrow.
In systemic lupus erythematosus, 20% to 30% of the affected dogs have concurrent
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idiopathic thrombocytic purpura. When immune-mediated hemolytic anemia and idio-
pathic thrombocytic purpura are present in the same patient, the disease is called Evans
syndrome. PF-3 is a non—complement-fixing antibody that is produced in the spleen and
affects peripheral and bone marrow platelets and megakaryocytes. Antibodies directed
against platelets are usually of the IgG subtype in animals. Antiplatelet antibodies can be
measured by a PF-3 release test. Platelet counts with immune-mediated destruction typi-
cally are less than 50,000 platelets/uL. Infectious causes of thrombocytopenia include
Ehrlichia canis, Anaplasma phagocytophilum (formerly, Ehrlichia equi), and Rickettsia rickettsii
(Rocky Mountain spotted fever). Primary immune-mediated thrombocytopenia has an
unknown cause and most frequently is seen in middle- to older-aged female dogs. Breed
predispositions include Cocker Spaniels, German Shepherd Dogs, Poodles (toy, miniature,
standard), and Old English Sheepdogs.

Thrombocytopenia usually is manifested as petechiae, ecchymoses of skin and mucous
membranes, hyphema, gingival and conjunctival bleeding, hematuria, melena, and epistaxis.
To make a diagnosis of idiopathic thrombocytic purpura, measure the severity of throm-
bocytopenia (< 50,000 platelets/uL), analyze the peripheral blood smear for evidence of
platelet fragmentation or microthrombocytosis, normal to increased numbers of megakary-
ocytes in the bone marrow, detection of antiplatelet antibody, increased platelet counts
after starting glucocorticoid therapy, and elimination of other causes of thrombocytopenia.
If tick-borne illnesses are suspected, antibody titers for E. canis, A. phagocytophilum
(formerly E. equi), and R. rickettsii should be performed.

Treatment of immune-mediated thrombocytopenia involves suppression of the
immune system to stop the immune-mediated destruction and to stimulate platelet release
from the bone marrow. Traditionally, the gold standard to suppress the immune system
is to use glucocorticoids (prednisone or prednisolone, 2 to 4 mg/kg PO bid divided,
OR dexamethasone, 0.1 to 0.3 mg/kg IV or PO ql2h). More recently human serum
immunoglobulin (IgG) also has been used (0.2 to 0.5 g/kg IV in saline over 8 hours;
pretreat with 1 mg/kg diphenhydramine 15 minutes before starting infusion). Vincristine
(0.5 mg/m? IV once) can stimulate the release of platelets from the bone marrow if
megakaryocytic precursors are present; however, the platelets released may be immature
and potentially nonfunctional. Treatment with fresh whole blood or packed RBCs is appro-
priate if anemia is present; however, unless specific platelet-rich plasma has been purchased
from a blood bank, fresh whole blood contains relatively few platelets, which are short-
lived (2 hours) and will not effectively raise the platelet count at all. Finally, long-term ther-
apy is usually in the form of azathioprine (2 mg/kg PO once daily, tapered to 1 mg/kg daily
to every other day after 1 week) and cyclosporine (10 to 25 mg/kg PO divided). If a tick-
borne illness is suspected, administer doxycycline (5 to 10 mg/kg PO bid) for 4 weeks or if
titers come back negative.

Thrombocytopenia also can occur in the cat. Causes for thrombocytopenia in cats
include infections (29%), neoplasia (20%), cardiac disease (7%), primary immune-mediated
disease (2%), and unknown causes (20%). In one study of cats with feline leukemia and
myeloproliferative disease, 44% of cases had thrombocytopenia.

Vitamin K antagonist rodenticide intoxication

Warfarin and coumarin derivatives are the major class of rodenticides used in the United
States. Vitamin K antagonist rodenticides inhibit the epoxidase reaction and deplete active
vitamin K, causing a depletion of vitamin K—dependent coagulation factors (I, VII, IX, X)
within 24 hours to 1 week of ingestion, depending on the ingested dose. Affected animals
can spontaneously hemorrhage anywhere in the body. Clinical signs can include hemoptysis,
respiratory difficulty, cough, gingival bleeding, epistaxis, hematuria, hyphema, conjuncti-
val bleeding, petechiae and ecchymoses, cavity hemorrhage (pleural, peritoneal, retroperi-
toneal) with acute weakness, lethargy or collapse, hemarthrosis with lameness, deep muscle
bleeds, and intracranial or spinal cord hemorrhage. Diagnosis of vitamin K antagonism
includes prolonged PT. A PIVKA (protein induced by vitamin K absence or antagonism)
test also can be performed, if possible.
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TABLE 1-30 Clinical Interpretation of Laboratory Test Results for Coagulation

Profiles

Disorder BMBT ACT PT APTT Platelets Fibrinogen FDPs D-dimers
Thrombocytopenia T N N N ! N N N
Thrombocytopathia T N N N N N N N
Von Willebrand’s T N N TN N N N N
disease
Hemophilias N T N T N N N N
Warfarin toxicity N i T T N/ N/ N/t N
Disseminated 1 1 1 1 4 N/ 1 1
intravascular

coagulopathy

ACT, Activated clotting time; APTT, activated partial thromboplastin time; BMBT, buccal mucosa
bleeding time; FDP, fibrin degradation products; N, normal; PT, prothrombin time.

Treatment of vitamin K antagonist rodenticide intoxication and other causes of vitamin
K deficiency involves supplementation with vitamin K, (phytonadione, 5 mg/kg SQ once
with 25-gauge needle in multiple sites, and then 2.5 mg/kg PO bid to tid for 30 days). Never
administer injections of vitamin K intramuscularly, because of the risk of causing deep
muscle hematomas, or intravenously, because of the risk of anaphylaxis. The PT should be
rechecked 2 days after the last vitamin K capsule is administered, for some of the second-
generation warfarin derivates are fat-soluble, and treatment may be required for an
additional 2 weeks.

Table 1-30 summarizes criteria for interpreting coagulation profiles.
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BURNS

THERMAL INJURY

Thermal burns are fortunately a relatively infrequent occurrence in veterinary patients.
Box 1-33 lists various causes of malicious and accidental burns. The location of the burn is
also important in assessing its severity and potential to lose function. Burns on the
perineum, feet, face, and ears are considered to be the most severe because of loss of func-
tion and severe pain. Often the severity of thermal injury is difficult to assess in animals
because hair coat potentially can mask clinical signs and because the thermal injury can
continue after the animal has been removed from the heat source. The skin cools slowly
and warms slowly, considerations that become important when initiating therapy for
burns. The severity of thermal injury is associated with the temperature to which the
animal is exposed, the duration of contact, and the ability of the tissue to dissipate heat.
The tissue closest to the heat source undergoes necrosis and has decreased blood flow.

The severity of thermal burn injury is associated directly with the temperature to which
the animal is exposed, the percentage of total body surface area affected, the thickness of
injured tissue, and whether underlying complications with other body systems occur.
Prognosis largely depends on the total body surface area affected (Table 1-31).

Superficial partial thickness, or first-degree, burns offer the most favorable prognosis.
The affected epidermis initially appears erythematous and then quickly desquamates
within 3 to 6 days. In most cases, fur grows back without leaving a scar. Deep partial thick-
ness, or second-degree, burns involve the epidermis and dermis and are associated with
subcutaneous edema, inflammation, and pain. Deep partial thickness burns heal from
deeper adnexal tissues and from the wound edges and are associated with an increased
chance of scarring and depigmentation. The most severe type is known as full thickness, or
third-degree, burns, in which thermal injury destroys the entire thickness of the skin and
forms an eschar. Thrombosis of superficial and deeper skin vasculature and gangrene
occurs. Treatment involves sequential wound debridement. Healing occurs by second
intention and reepithelialization or by wound reconstruction. In most cases, scarring is
extensive in affected areas.

Burns greater than 20% of total body surface area will have systemic effects, including
impaired cardiovascular function, pulmonary dysfunction, and impaired immune func-
tion. Burned tissue, with capillary damage, has increased permeability. The release of
inflammatory cytokines, oxygen-derived free radical species, prostaglandins, leukotrienes,

BOX 1-33 CAUSES OF THERMAL INJURY

¢ Automobile engines e Heat packs

o Automobile exhaust systems o Improperly grounded electrosurgical units
¢ Boiling water o Semiliquids (i.e., hot tar)

e Cooking oil (hot) o Solar exposure

e Electric heating pads e Steam

¢ Hair dryers e Stove

o Heat lamps

TABLE 1-31 Percent Burn Estimation: Rule of Nines

Body region Percent of body surface area
Head 9%
Torso 18%
Forelimb (per limb) 9%

Hind limb (per limb) 18%
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histamine, serotonin, and kinins results in increased vascular permeability and leakage of
plasma proteins into the interstitium and extravascular space.

Immediate action/treatment

At the time of presentation, first examine the patient and ascertain whether airway obstruc-
tion, impaired ventilatory function, circulatory shock, or pain are present. If necessary,
establish an airway with endotracheal intubation or emergency tracheostomy. Next, cool
the burned area(s) with topical cool water. Use care to avoid overcooling and iatrogenic
hypothermia. The best approach is to cool only one portion of the patient’s body at a time,
then dry, and repeat the process for all affected areas to avoid overcooling and iatrogenic
hypothermia. Establish vascular access and administer appropriate and judicious analgesic
drugs and intravenous fluid therapy. Whenever possible, avoid placing a catheter through
an area of burned or damaged skin. In the early stages of burn injury, shock doses of intra-
venous crystalloid fluids usually are not required. Later, however, as severe tissue exudation
occurs, protein and fluid losses can become extensive, requiring aggressive crystalloid and
colloid support to treat hypovolemia and hypoproteinemia. Flush the eyes with sterile
saline and examine behind the third eyelids for any particulate matter. Stain the corneas to
make sure that superficial corneal burns are not present. Treat superficial corneal burns
with triple antibiotic ophthalmic ointment.

Next, assess the total body surface area affected, as this will gauge prognosis. Depending
on the extent of the damage, decide whether the burn is superficial and local therapy is
indicated or whether more severe injuries exist that may involve systemic therapy or possibly
euthanasia.

Differential diagnosis

In most cases the diagnoses of thermal burns are based on a clinical history of being
in a house fire, clothes dryer, or under a heating lamp. Too frequently, however, thermal
burns become apparent days after an elective surgical procedure in which the patient was
placed on a faulty heating pad rather than a circulating warm water or warm air blanket.
Superficial burns appear as singed fur with desquamating, easily epilated hair. This condi-
tion also can resemble a superficial or deeper dermatophytosis if history is unknown.
Other differential diagnoses include immune-mediated vasculitis or erythema multiforme.
Unless the superficial dermis is blistered, it may be difficult to distinguish between a ther-
mal burn, chemical burn, or electrical burn if the trauma went unnoticed.

Management

Management of burn injury largely depends on the depth of injury and the total body
surface area affected. Partial thickness burns and those affecting less than 15% of the total
body surface area will require support in the form of antibiotic ointment and systemic
analgesic drugs.

Burns affecting greater than 15% of total body surface area or deep thickness burns
require more aggressive therapy. Central venous catheters can be placed to administer crys-
talloid and colloid fluids, parenteral nutrition if necessary, antibiotics, and analgesic drugs.
Monitor perfusion parameters closely, including heart rate, blood pressure, capillary refill
time, and urine output. Respiratory function can be impaired because of concurrent smoke
inhalation, thermal damage to the upper airways and alveoli, and carboxyhemoglobin or
methemoglobin intoxication. Respiratory function also can be impaired because of burn
injury to the skin around the thoracic cage. Thoracic radiographs may reveal patchy inter-
stitial to alveolar infiltrates associated with pulmonary edema, pneumonia, and atelectasis.
Bronchoscopy often reveals edema, inflammation, particulate matter, and ulceration of the
tracheobronchial tree. In some cases, upper airway inflammation is so severe that an emer-
gency tracheostomy must be performed to treat airway obstruction. Administer supple-
mental humidified oxygen at 50 to 100 mL/kg/minute via endotracheal tube, tracheostomy;,
nasal or intratracheal tube, or hood oxygen if respiratory function and hypoxemia are pres-
ent. Perform blood work including a hematocrit, albumin, BUN, creatinine, and glucose at




110 1 EMERGENCY CARE

the time of presentation. Monitor serum electrolytes, albumin, and colloid oncotic pressure
closely because derangements can be severe as burns become exudative.

The goal of fluid therapy in the burn patient is to establish and maintain intravascular
and interstitial fluid volume, normalize electrolyte and acid-base status, and maintain
serum albumin and oncotic pressure. In the first 24 hours following burn injury, direct
fluid therapy to maintaining the patient’s metabolic fluid requirements. Crystalloid fluids
in the form of Normosol-R, Plasmalyte-M, or lactated Ringer’s solution can be adminis-
tered according to the patient’s electrolyte and acid-base status (see Fluid Therapy).
Monitor urine output, and keep it at 1 to 2 mL/kg/hour. Avoid overhydration in the early
stages of burn injury. In affected burn patients, calculate the amount of fluid that should
be administered over a 24-hour period from the formula 1 — 4 mL/kg X percent total body
surface area. Administer half of this calculated dose over the first 8 hours and then the
remaining half over the next 16 hours. In cats, administer only 50% to 75% of this calcu-
lated volume. To administer this volume and also avoid fluid overload is often difficult in
critically ill patients with pulmonary involvement associated with smoke inhalation injury.
Avoid colloids in the first 6 hours after burn injury. Monitor the patient closely for serous
nasal discharge, chemosis, and rales that may signify pulmonary edema.

As burns become exudative, weigh the patient at least twice daily. Infused fluid should
equal fluid output in the form of urine and wound exudates. Acute weight loss signifies
acute fluid loss and that crystalloid fluid infusion should be more aggressive. Ideally, keep
the patient’s serum albumin equal to or greater than 2.0 g/dL and total protein between
4.0 and 6.5 g/dL using a combination of fresh frozen plasma or concentrated human
albumin. Adjunct colloidal support can be provided with synthetic colloids including
hetastarch or HBOCs. Keep serum potassium within 3.5 to 4.5 mEq/L using potassium
chloride or potassium phosphate supplementation. If potassium supplementation exceeds
80 to 100 mEq/L and the patient continues to have severe refractory hypokalemia, admin-
ister magnesium chloride (0.75 mEq/kg/day) to enhance potassium retention. If anemia
occurs, administer packed RBCs or whole blood (see Blood Component Therapy).

Lavage wounds daily with lactated Ringer’s solution or 0.9% sodium chloride solution.
Place wet-to-dry bandages or bandages soaked in silver sulfadiazine or nitrofurazone
ointment over the wounds. Depending on the thickness of the burn, epilation and eschar
formation and separation may take 2 to 10 days. At each bandage change, debride devital-
ized tissue to normal tissue. Perform staged partial or total escharectomy, and leave the
wound to heal by second intention or by reconstruction using skin advancement flaps or
grafts. Maintain meticulous sterility at all times, given that burn patients are at high risk for
infection. Administer broad-spectrum antibiotics including cefazolin and enrofloxacin.
Perform wound culture if a resistant bacterial infection is suspected.

ELECTRICAL INJURY

The most common cause of electrical injury is associated with an animal chewing on
low-voltage alternating current electrical cords in the household. Damage is caused by the
current flowing through the path of least resistance, causing heat and thrombosis of vessels
and neurons. In some cases, the owner witnesses the event. In other cases, the owner presents
the patient because of vague nonspecific signs, and characteristic abnormalities on physi-
cal examination support a diagnosis of electrocution. Burns on the face, paws, commis-
sures of the mouth, tongue, and soft palate may be present. Electrocution causes a massive
release of catecholamines and can predispose the patient to noncardiogenic pulmonary
edema within 36 hours of the incident. Clinical signs may be isolated to the pulmonary
system, including orthopnea, pulmonary crackles, and cyanosis.

Immediate action

Assess the patient’s lips, tongue, soft palate, gingivae, and commissures of the mouth. Early
after electrocution, the wound may appear small and white, black, or yellow. Later, the
wound may become larger as tissue sloughs because of damaged vascular supply. Assess the
patient’s respiratory status. Auscultate the lungs to determine whether pulmonary crackles
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are present. If the patient is stable, thoracic radiographs may demonstrate an interstitial to
alveolar lung pattern in the dorsocaudal lung fields. Measure the patient’s heart rate, blood
pressure, oxygenation as determined by pulse oximetry or arterial blood gas and urine
output. Immediate treatment consists of judicious use of analgesics for the burn injury,
antibiotics (cefazolin, 22 mg/kg q8h; cephalexin, 22 mg/kg q8h), and humidified supple-
mental oxygen (50 to 100 mL/kg/minute). Direct fluid therapy at providing the patient’s
metabolic fluid requirements. Because of the risk of development of noncardiogenic
pulmonary edema, avoid overzealous administration of crystalloid fluids.

Differential diagnosis

Differential diagnoses for the patient with electrical burn injury and electrocution include
chemical or thermal burn, immune-mediated glossitis, cardiogenic pulmonary edema, and
pneumonia.

Management

Management of the patient with electrical burn injury and electrocution primarily involves
the administration of analgesic agents, supplemental humidified oxygen, and topical treat-
ment of electrical burns. The noncardiogenic pulmonary edema is typically unresponsive
to diuretics (i.e., furosemide), bronchodilators (i.e., aminophylline), and splanchnic vascu-
lar dilators (i.e., low-dose morphine). The use of glucocorticoids has no proven benefit and
may impair respiratory immune function and is therefore contraindicated. Oral burns may
require debridement and advancement flaps if large defects or oronasal fistulas develop. If
oral injury is severe, place an esophagostomy or percutaneous gastrostomy tube to ensure
adequate nutrition during the healing process. If an animal survives the initial electrocu-
tion, prognosis is generally favorable with aggressive supportive care.

CHEMICAL INJURY

Chemical burns are associated with a number of inciting causes, including oxidizing
agents, reducing agents, corrosive chemicals, protoplasmic poisons, desiccants, and vesi-
cants. The treatment for chemical burns differs slightly from that for thermal burns, so it
remains important to investigate the cause of the burn when providing initial treatment,
whenever possible. At the scene, advise the owner to wrap the patient in a clean towel for
transport. Chilling can be avoided by then wrapping the patient in a second or third blan-
ket. Placement of ointments by well-doers should be avoided. Encourage immediate trans-
port to the nearest triage facility.

Immediate action/treatment

The first and foremost consideration when treating a patient with chemical burn is to
remove the animal from the inciting cause or offending agent. Make no attempt to neutral-
ize alkaline or acid substances because the procedure potentially could cause an exother-
mic reaction, leading to thermal injury in addition to the chemical injury.

Remove collars or leashes that may act as tourniquets or constricting devices. Flush
affected areas with copious amounts of cool water for several minutes, not cooling more
than 10% to 20% of the body at any one time to prevent iatrogenic hypothermia. Support
breathing by extending the patient’s head and neck.

Carefully clip the fur over affected areas for further evaluation of the extent of the
injury. Lavage exposed eyes with sterile saline, and stain the cornea to evaluate for any
corneal burns. Debride any wounds carefully, knowing that the full extent of the wound
may not manifest itself for several days. Then cover the wounds with antibiotic burn oint-
ment such as silver sulfadiazine and an occlusive dressing.

Differential diagnosis

Without a history of exposure, the differential diagnosis for any chemical burn
includes thermal burn, necrotizing vasculitis, erythema multiforme, or superficial or deep
pyoderma.
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Management

Contact local or national animal poison control regarding whether to attempt neutraliza-
tion. Perform daily bandage changes with staged debridement as the full extent of the
wound manifests itself. Place antimicrobial ointment and silver sulfadiazine ointment over
the wound to prevent infection. The routine use of antibiotics may promote the develop-
ment of a resistant bacterial infection. First-generation cephalosporin can be administered.
If a more serious infection develops, perform culture and susceptibility testing to direct
appropriate antibiotic therapy. The wound can heal by second intention or may require
reconstructive repair for definitive closure.

RADIATION INJURY

The primary cause of radiation injury in small animal patients is radiation therapy
for neoplastic conditions. The goal of radiation therapy is to kill neoplastic cells. An
unfortunate side effect is damage to adjacent normal tissue that results in necrosis, fibro-
sis, and impaired circulation to the affected area. Radiation burns result in dermatitis,
mucositis, impaired surgical wound healing, and chronic nonhealing wounds. In many
cases, the degree of secondary radiation injury to normal tissue can be prevented or
decreased with careful radiation planning and mapping of the radiation field, such that
radiation exposure to normal tissue is limited to the smallest extent possible. With the
advent of three-dimensional imaging modalities such as computed tomography (CT) and
magnetic resonance imaging (MRI), this has become more routine in veterinary oncology
to date.

Radiation injury can be early and appear at the later stage of the course of radiation
therapy. Late effects can be delayed and occur 6 months to years after treatment. The degree
of radiation injury is categorized based on the depth of tissue affected. First-degree changes
cause cutaneous erythema. Second-degree changes cause superficial desquamation. Third-
degree changes cause deeper moist desquamation, and fourth-degree changes are associ-
ated with complete dermal destruction and ulceration. During the early stages of radiation
injury, affected tissues may appear erythematous and edematous. Wound exudates may be
moist, or the skin may appear dry and scaly with desquamation or ulceration. Later, the
area may scar and depigment or may have induration, atrophy, telangiectasia, keratosis, and
decreased adnexal structures.

Immediate action/treatment

Treatment for radiation dermatitis is to irrigate the area with warmed saline and to protect
the area from self-mutilation. No-bite, or Elizabethan, collars or loose clothing can be used
to protect the area for patient-induced injury. Mucositis can be treated with topical green
tea baths and the administration of an oral solution of L-glutamine powder (4 g/m?). Local
irrigation of xylocaine or lidocaine viscous jelly can be used in dogs but should be avoided
in cats because of the risk of inducing hemolytic anemia and neurotoxicity. Topical and
systemic antibiotics (cephalexin, 22 mg/kg PO tid) also can be administered. Avoid anti-
biotics that can be sensitized by radiation (i.e., metronidazole).

Differential diagnosis

Because most radiation burns are associated with a known exposure to radiation therapy,
the cause of the patient’s injury usually is known. If an animal presents to you with a scar,
however, differential diagnoses may include nasal planum solar dermatitis, pemphigus foli-
aceus, discoid lupus, superficial necrolytic dermatitis, superficial or deep pyoderma, chem-
ical burn, or thermal burn.

Management

Treatment of radiation injury involves making the patient as comfortable as possible with
analgesic drugs, prevention of self-mutilation, and staged debridement techniques. Wounds
can heal by second intention or may require reconstructive surgery.
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CARDIAC EMERGENCIES

CARDIAC ARREST AND CARDIOPULMONARY CEREBRAL RESUSCITATION

Cardiopulmonary arrest is the abrupt cessation of spontaneous and effective ventilation
and perfusion. Cardiac arrest must be treated rapidly and aggressively for any chance of
success. The goal of cardiopulmonary cerebral resuscitation (CPCR) is to perform effective
thoracic compressions such that an adequate amount of oxygen is delivered to the brain
and other vital tissues. At the time of admission into the hospital, all patients, regardless of
their disease process, should have a plan in the event that cardiopulmonary arrest occurs.
Do the owners want to proceed with CPCR? Should you proceed with intubation, cardiac
compressions and drugs, or do the owners want you to perform open-chest CPCR?

One of the most important aspects of cardiopulmonary resuscitation is to anticipate
whether a patient is rapidly decompensating and likely to arrest and to be prepared at all
times. Stock a crash cart at all times with the equipment and drugs necessary in the event
that cardiopulmonary resuscitation is required (Box 1-34).

By having routine drills in the hospital on cadavers or stuffed animals, your emergency
team can become efficient at performing the responsibilities and jobs required for success-
ful CPCR. The staff should know how to recognize impending signs of a decompensating
patient, clinical signs of cardiac arrest, how to call for an emergency in the hospital, how to
intubate patients, and how to start cardiac compressions, hook up an ECG, and draw up
the drugs required for various arrhythmias.

Conditions that predispose a patient to cardiopulmonary arrest include vagal
stimulation, cellular hypoxia, septicemia, endotoxemia, severe acid-base and electrolyte
derangements, prolonged seizures, pneumonia, pleural or pericardial effusion, severe
multisystemic trauma, electrical shock, urinary obstruction or damage, acute respiratory

BOX 1-34 ITEMS TO STOCK IN THE CRASH CART

e Laryngoscope (various size blades) e Atropine
e Endotracheal tubes (various sizes) e Naloxone
e Cotton roll gauze to tie in endotracheal tube e Calcium gluconate or calcium chloride
e Stylette for intubation ¢ Magnesium chloride
e Rigid catheter (tomcat and long urinary) to e Amiodarone
assist with intubation and endotracheal ¢ 0.9% saline
drug administration ® 50% dextrose
e 3-,6-,and 12-mL syringes, taken out of case e Laceration pack for slash tracheostomy
and attached to 22-gauge needles e Intravenous catheters
o 22-gauge needles e 1-inch white tape
¢ Ambubag and oxygen source e Emergency drug table with dose and
e Electrocardiogram monitor volume and route of administration for
o Epinephrine various size animals
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distress syndrome (ARDS), and anesthetic agents. The acute onset of bradycardia, change
in mucous membrane color and capillary refill time, change in respiratory pattern, and
change in mentation are signs of possible deterioration and impending cardiopulmonary
arrest.

The diagnosis of cardiopulmonary arrest is based on the absence of effective ventila-
tion, severe cyanosis, absence of a palpable pulse or apex heartbeat, absence of heart
sounds, and ECG evidence of asystole or other nonperfusing rhythm such as electrical-
mechanical dissociation (aka pulseless electrical activity) or ventricular fibrillation.

Immediate action/treatment
Cardiopulmonary cerebral resuscitation

The goals of CPCR are to obtain airway access, provide artificial ventilation and supple-
mental oxygen, implement cardiac compressions and cardiovascular support, recognize
and treat dysrhythmias and arrhythmias, and provide stabilization and treatment for
cardiovascular, pulmonary, and cerebral function in the event of a successful resus-
citation. Even with aggressive treatment and management, the overall success of CPCR is
less than 5% in critically ill or traumatized patients and 20% to 30% in anesthetized
patients.

Basic life support

Basic life support involves rapid intubation to gain airway access, artificial ventilation, and
cardiac compressions to promote blood flow and delivery of oxygen to the brain and other
important tissues (Figure 1-26). Perform the ABCs or CABs of CPCR, where A is airway,
B is breathing, and C is compression and circulation. Recently, the paradigm has shifted to
CABs. While a team member is grabbing an endotracheal tube, clearing the airway of
foreign debris, and establishing airway access through endotracheal intubation, a second
person starts external cardiac compressions to deliver oxygen that is in the bloodstream to
the vital organs. The patient should be positioned in dorsal (> 7 kg) or lateral (< 7 kg)
recumbency for external cardiac compressions. Approximately 80 to 120 external compres-
sions should be performed over the patient’s sternum. A team member should palpate for
a peripheral pulse to determine whether cardiac compressions are actually effective. If a
peripheral pulse cannot be palpated for every chest compression, change the patient’s posi-
tion and have a larger individual perform compressions, or initiate open-chest cardiac
resuscitation. Once the patient is intubated, tie in the endotracheal tube and attach it to an
oxygen source (anesthetic machine or mechanical ventilator or Ambu bag) for artificial
ventilation. The oxygen flow rate should be 150 mL/kg/minute. Give two long breaths, and
then 12 to 16 breaths per minute. Simultaneous ventilation with thoracic compression
increases the pressure difference in the thorax and allows more forward flow of oxygenated
blood through the great vessels into the periphery. If possible, a third team member can
initiate interposed abdominal compressions, compressing the abdomen when the thoracic
cage is relaxed, to improve forward flow. If only one person is available to perform the
thoracic compressions and ventilation, give two breaths for every 15 compressions (i.e., 15
thoracic compressions followed by two long breaths, and then start thoracic compressions
again). The Jen Chung maneuver can be performed by placing a 25- to 22-gauge hypoder-
mic needle through the skin of the nasal philtrum and twisting the needle into the perios-
teum to stimulate respirations. This maneuver appears to work better in cats than dogs at
return to spontaneous respiration.

Advanced life support

Advanced life support during CPCR involves ECG, pulse oximetry and capnometry moni-
toring, administration of drugs, and the administration of intravenous fluids (in select
cases). Most of the drugs used during CPCR can be administered directly into the lungs
from the endotracheal tube (intratracheal tube). Therefore, only in select instances is it
necessary to establish vascular or intraosseous access during CPCR (Figure 1-27). If an
animal experiences cardiopulmonary arrest because of extreme hemorrhage or hypovolemia,
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Figure 1-26:  Basic cardiopulmonary life support. ECG, Electrocardiogram; CPCR, cardiopul-
monary cerebral resuscitation.
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Figure 1-27:  Advanced cardiopulmonary life support

inappropriate vasodilation caused by sepsis or systemic inflammation, or vasodilation
resulting from anesthesia, the administration of shock volumes (90 mL/kg/hour in dogs
and 44 mlL/kg/hour in cats) is appropriate. If a patient is euvolemic and experiences
cardiopulmonary arrest, however, an increase in circulating fluid volume actually can
impair coronary artery perfusion by increasing diastolic arterial blood pressure and is
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therefore contraindicated. Place a capnograph on the end or side of the endotracheal tube
to measure end-tidal carbon dioxide.

RecogNiTION AND TREATMENT OF CommoN NoNPERFUSING CARDIAC RHYTHMS DURING CPCR
Asystole: “He’s flatlined”

Asystole is one of the most common rhythm disturbances that causes cardiac arrest in
small animal patients. One of the most important things to do when the ECG looks
like asystole is to make sure that the ECG monitor is working properly and that all
ECG leads are attached properly to the patient. If asystole is truly present, reverse any
opiate, o,-agonist, or benzodiazepine drugs with their appropriate reversal agents. Low-
dose epinephrine (0.02 to 0.04 mg/kg diluted with 5 mL sterile saline) can be administered
directly into the endotracheal tube via a rigid or red rubber catheter. If vascular access is
available, epinephrine (0.02 to 0.04 mg/kg) can be administered intravenously. No drug
should ever be administered directly into the heart by intracardiac injection. Unless the
heart is in the veterinarian’s hand during open-chest CPCR, intracardiac injection is risky
and potentially could lacerate a coronary artery or cause the myocardium to become more
irritable and refractory to other therapies, if a drug is delivered into the myocardium and
not into the ventricle. For these reasons, intracardiac injections are contraindicated.
Administer atropine (0.4 mg/kg IV, 10, or 0.4 mg/kg IT) immediately after the
epinephrine. Atropine, a vagolytic drug, serves to decrease tonic vagal inhibition of the
sinoatrial and atrioventricular node and increase heart rate. Administer atropine and
epinephrine every 2 to 5 minutes during asystole while cardiac compressions, interposed
abdominal compressions, and artificial ventilation are continued. Although discontinua-
tion of thoracic compressions can decrease the chance of success during CPCR, you must
intermittently evaluate the ECG monitor for any rhythm change that may require different
drug therapies. If the cardiac arrest was not witnessed or more than 2 to 5 minutes have
passed without successful return to a perfusing rhythm, perform open-chest CPCR, if the
client wishes. Administer sodium bicarbonate (1 to 2 mEq/kg IV) every 10 to 15 minutes
during CPCR. Sodium bicarbonate is the only drug used in CPCR that SHOULD NOT be
administered intratracheally because of inactivation of pulmonary surfactant.

Electrical-mechanical dissociation

Electrical-mechanical dissociation also is known as pulseless electrical activity and is an
electrical rhythm that may look wide and bizarre and irregular with no associated mechan-
ical contraction of the ventricles. The rhythm can appear different from patient to patient.
Electrical-mechanical dissociation is one of the more common nonperfusing rhythms
observed during cardiopulmonary arrest in small animal patients (Figure 1-28).

When electrical-mechanical dissociation is identified, first confirm the rhythm and
proceed with CPCR as previously described. Electrical-mechanical dissociation is thought
to be associated with high doses of endogenous endorphins and high vagal tone. The treat-
ment of choice for electrical-mechanical dissociation is high-dose atropine (4 mg/kg IV, IT
[10 times the normal dose]) and naloxone hydrochloride (0.03 mg/kg IV, IO, IT).
Administer epinephrine (0.02 to 0.04 mg/kg diluted in 5 mL sterile 0.9% saline IT). If the
rhythm does not change within 2 minutes, consider open-chest cardiac massage.

Ventricular fibrillation

Ventricular fibrillation can be coarse (Figure 1-29). Patients with coarse ventricular fibril-
lation are easier to defibrillate than those with fine defibrillation. If ventricular fibrillation
is identified, initiate CPCR as described previously (Figure 1-30). If an electrical defibrilla-
tor is available, administer 5 J/kg of direct current externally. When a patient in cardio-
pulmonary arrest is attached to ECG leads, it is important to use contact electrode paste,
water-soluble gel such as KY jelly, or water, rather than any form of alcohol. Electrical
defibrillation of a patient who has alcohol on the ECG leads can lead to fire and thermal
burns. Reverse any opioid, o,-agonist, and phenothiazine drugs that have been adminis-
tered to the patient. If fine ventricular fibrillation is identified, administer epinephrine




A A\ ) )

a { \\ ! ‘,\ f .“. ‘ \:.\

Figure 1-28: Electrical-mechanical dissociation (EMD), also known as pulseless electrical
activity (PEA). The complexes often appear wide and bizarre without a palpable apex beat or
functional contraction of the heart. This is just one example of EMD, as many shapes and
complexes may be observed.
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Figure 1-29: Rhythm strip of ventricular fibrillation.
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Figure 1-30: Algorithm for treatment of ventricular fibrillation (V-fib). This algorithm is
organized according to whether an electrical defibrillator is available. After each intervention
step, the ECG should be reevaluated and the next step initiated if V-fib is still seen. If a new
arrhythmia develops, the appropriate therapy for that rhythm should be inititated. If a sinus
rhythm is seen with a palpable apex beat, postresuscitation measures should be implemented.
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BOX 1-35 [INDICATIONS FOR IMMEDIATE OPEN-CHEST CARDIOPULMONARY
CEREBRAL RESUSCITATION

o Pleural effusion

¢ Pneumothorax

o Rib fractures or flail chest

o Pericardial effusion

¢ Diaphragmatic hernia

e Obesity

e More than 5 minutes has passed since cardiopulmonary arrest

(0.02 to 0.04 mg/kg in 5 mL sterile 0.9% saline IT) to attempt to convert fine ventricular
fibrillation to coarse ventricular fibrillation. After administration of epinephrine, repeat
electrical defibrillation. If an electrical defibrillator is not available, chemical defibrillator
drugs can be used. First, administer magnesium chloride (30 mg/kg IV or IT). Even if an
electrical defibrillator is available, magnesium chloride can increase the success of convert-
ing ventricular fibrillation to asystole or some other rhythm during CPCR. Amiodarone
(5 mg/kg IV, 10, IT) also can be used to convert ventricular fibrillation. If drug therapy
and external thoracic compressions are ineffective after 2 minutes, consider open-chest
CPCR.

Open-chest cardiopulmonary cerebral resuscitation

Perform open-chest CPCR immediately if a pathologic condition exists that prevents
enough of a change in intrathoracic pressure that closed-chest CPCR will not be effective
in promoting forward blood flow (Box 1-35).

To perform open-chest CPCR, place the patient in right lateral recumbency. Clip a wide
strip of fur over the left fifth to seventh intercostal space and quickly aseptically scrub over
the clipped area. Using a No. 10 scalpel blade, incise over the fifth intercostal space through
the skin and subcutaneous tissue to the level of the intercostal muscles. With a Mayo scis-
sors, make a blunt stab incision through the intercostal muscles in the left sixth intercostal
space. Make sure that the person who is breathing for the patient deflates the lungs as you
make the stab incision to avoid iatrogenic lung puncture. After the stab incision, open the
tips of the Mayo scissors and quickly open the muscle dorsally and ventrally to the sternum
with a sliding motion. Avoid the internal thoracic artery at the sternum and the intercostal
arteries at the caudal aspect of each rib. Cut the rib adjacent to the sternum and push it
behind the rib in front of and at the caudal aspect of the incision to allow more room and
better visualization if a rib spreading retractor is not available. Visualize the heart in the
pericardial sac. Visualize the phrenic nerve, and incise the pericardium just ventral to the
phrenic nerve. Make sure to not cut the phrenic nerve. Grasp the heart in your hand(s) and
gently squeeze it from apex to base, allowing time for the ventricle to fill before the next
“contraction.” If the heart does not seem to be filling, administer fluids intravenously or
directly into the right atrium. The descending aorta can be cross-clamped with a Rummel
tourniquet or red rubber catheter to improve perfusion to the brain and heart.

Management

Postresuscitation care and monitoring (prolonged life support)

Postresuscitation care involves careful monitoring and management of the adverse
effects of hypoxia and reperfusion injury on the brain and other vital organs. The first
4 hours after an arrest are most critical, because this is the time period in which an animal
is most likely to rearrest unless the underlying cause of the initial arrest has been deter-
mine and treated (Table 1-32). Until an animal is adequately ventilating on its own, artifi-
cial ventilation by manual bagging or attaching the patient to a mechanical ventilator with
supplemental oxygen must continue. The efficacy of oxygenation and ventilation can be
monitored using a Wright’s respirometer, pulse oximetry, capnometry, and arterial blood
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TABLE 1-32 Drugs Used in Advanced and Prolonged Life Support

Drug Dose
Advanced life support

Atropine 0.04 mg/kg IV, I0; 0.4 mg/kg IT

Amiodarone 5 mg/kg IV, 10, IT

Epinephrine 0.02-0.04 mg/kg IV, 10, IT

Isoproterenol 0.04-0.08 pg/kg/minute IV CRI for third-degree

atrioventricular block

Magnesium chloride 30 mg/kg IV, IO, IT

Naloxone 0.03 mg/kg IV, IO, IT

Sodium bicarbonate 1-2 mEq/kg IV, I0; NEVER administer intratracheally
Postresuscitation/Prolonged

life support

Furosemide 1 mg/kg IV

Lidocaine 1-2 mg/kg IV, followed by 50-100 png/kg/minute CRI

Mannitol 0.51 g/kg IV

gas analyses (see also Pulse Oximetry and Capnometry [End-Tidal Carbon Dioxide
Monitoring]). Once an animal is extubated, administer supplemental oxygen (50 to 100 mL/
kg/minute) (see Oxygen Supplementation).

The brain is sensitive to ischemia and reperfusion injury. The effects of cellular hypoxia
and reperfusion include the development of oxygen-derived free radical species that
contribute to cerebral edema. Administer mannitol (0.5 to 1 g/kg IV over 5 to 10 minutes),
followed by furosemide (1 mg/kg IV) 20 minutes later, to all patients that have experienced
cardiopulmonary arrest and have had successful resuscitation. Mannitol and furosemide
work synergistically to decrease cerebral edema formation and scavenge oxygen-derived
free radical species.

The combination of cardiac arrest, myocardial ischemia and acidosis, and external or
internal cardiac compressions often make the myocardium irritable and predisposed to
dysrhythmias following successful CPCR. Start lidocaine (1 to 2 mg/kg IV, followed by
50 to 100 pg/kg/minute IV CRI) in all patients following successful resuscitative efforts.
Monitor the ECG continuously for the presence of cardiac dysrhythmias and recurrence of
nonperfusing rhythms. Perform direct or indirect blood pressure monitoring. If a patient’s
systolic blood pressure is less than 80 mm Hg, diastolic pressure is less than 40 mm Hg, or
mean arterial blood pressure is less than 60 mm Hg, administer positive inotropic drugs
(dobutamine, 1 to 20 pg/kg/minute) and pressor agents (epinephrine, 0.02 to 0.04 mg/kg
IV, IO, IT) to improve cardiac contractility, cardiac output, and core organ perfusion.

The kidneys are sensitive to decreased perfusion and cellular hypoxia. Place a urinary
catheter and monitor urine output. In a euvolemic patient, normal urine output should be
no less than 1 to 2 mL/kg/hour. If urine output is low, administer low-dose dopamine (3 to
5 ug/kg/minute IV CRI) in an attempt to dilate afferent renal vessels and improve renal
perfusion.

Maintain acid-base and electrolyte status within normal reference ranges. Monitor
serum lactate as a rough indicator of organ perfusion and cellular oxygen extraction. The
presence of elevated or rising serum lactate in the face of aggressive cardiorespiratory and
cerebral support makes prognosis less favorable.
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CARDIAC DYSRHYTHMIAS REQUIRING EMERGENCY MANAGEMENT

Cardiac dysrhythmias can encompass a wide range of clinical syndromes that vary in their
clinical significance and signs, depending on the rate and frequency and whether coexist-
ing cardiac disease is present. Ventricular and supraventricular dysrhythmias can occur
because of primary myocardial disease or some other, secondary underlying disease process,
including thoracic trauma, sepsis, systemic inflammatory response syndrome, pancreatitis,
GDV, splenic disease, hypoxia, uremia, and acid-base and electrolyte disturbances. Common
cardiac causes of dysrhythmias include dilative cardiomyopathy, end-stage degenerative valvu-
lar disease, infectious endocarditis, myocarditis, and cardiac neoplasia. In the cat, hyper-
trophy, restrictive, and unclassified cardiomyopathies and hyperthyroidism are the most
common causes of dysrhythmias. In addition to structural cardiac or systemic disease,
dysrhythmias can occur as an adverse effect of some drugs, including digoxin, dobutamine,
aminophylline, and anesthetic agents.

Immediate action

Immediate action depends largely on recognition of the primary or secondary cause of the
dysrhythmia and treating the dysrhythmia and underlying cause.

Differential diagnosis

Diagnosis of cardiac dysrhythmias is based on physical examination findings of abnormal
thoracic/cardiac auscultation, the presence of abnormal pulse rhythm and quality, and recog-
nition of ECG abnormalities. The ECG is critical to the accurate diagnosis of dysrhythmias.

Ventricular dysrhythmias

Ventricular dysrhythmias arise from ectopic foci in the ventricles that cause the wave
of depolarization to spread from cell to cell rather than spread through fast-conducting
tissue. This causes the QRS complex to appear wide and bizarre, unless the ectopic
focus originates close to the atrioventricular node high in the ventricle. Other ECG
features of ventricular dysrhythmias include a T wave polarity that is opposite to the QRS
complex and nonrelated P waves. Ventricular dysrhythmias may manifest as isolated
ventricular premature complexes, couplets, or triplets; bigeminy; or ventricular tachycardia.
Relatively slow ventricular tachycardia is known as an idioventricular rhythm and is not as
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Figure 1-31: Unifocal premature ventricular complexes (PVCs). All the PVCs are the same
shape and size and originate from the same ectopic focus in the ventricle. Note that this rhythm
is actually an example of ventricular bigeminy.

Figure 1-32: Multifocal premature ventricular complexes (PVCs). Note that the complexes
change shape, size, and orientation, indicating multiple ectopic foci within the ventricle.

Figure 1-33:  Sustained ventricular tachycardia.
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isoelectric shelf in between the T wave of one complex and the R wave of the next complex. This
rhythm can be very dangerous and can lead to ventricular fibrillation.
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hemodynamically significant as faster ventricular tachycardia. Idioventricular rhythm
usually is less than 130 beats per minute and may alternate spontaneously with sinus
arrhythmias (Figures 1-31 to 1-34).

Supraventricular dysrhythmias

Supraventricular dysrhythmias arise from ectopic foci in the atria and are commonly asso-
ciated with atrial dilatation and structural heart disease such as advanced acquired or
congenital heart disease, cardiomyopathies, cardiac neoplasia, or advanced heartworm
disease. Occasionally, supraventricular dysrhythmias may be associated with respiratory or
other systemic illness. Sustained supraventricular tachycardia in the absence of underlying
structural heart or systemic disease is disturbing and should alert the clinician that an acces-
sory pathway conduction disturbance may be present, particularly in Labrador Retrievers.

Supraventricular dysrhythmias can manifest as isolated premature complexes (atrial
premature complexes or contractions), sustained or paroxysmal supraventricular tachycar-
dia (atrial tachycardia), or atrial fibrillation or flutter. In the dog, atrial fibrillation most
commonly is associated with dilative cardiomyopathy. Rarely and primarily in giant breed
dogs, lone atrial fibrillation can occur with no underlying heart disease. Atrial fibrillation
and the resultant sustained elevation in ventricular rate are presumed to progress to dila-
tive cardiomyopathy in such breeds. By comparison, atrial fibrillation is relatively uncom-
mon in cats because of the small size of their atria but is associated most commonly with
hypertrophic and restrictive cardiomyopathy.

The ECG is critical to the diagnosis of a supraventricular dysrhythmia. The ECG usually
demonstrates a normal appearance to the QRS complex unless aberrant conduction occurs
in the ventricles, in which case the QRS can be wide but still originate from above the atri-
oventricular node. In most cases of a supraventricular dysrhythmia, some evidence of atrial
activity including P waves, atrial flutter, or atrial fibrillation is apparent. In some cases, it
may be difficult to diagnose the exact rhythm without slowing the rate down mechanically
or through pharmacologic intervention. Once a rhythm diagnosis is made, appropriate
treatment strategies can be implemented (Figures 1-35 and 1-36).

Management

Ventricular dysrhythmias

Treatment of ventricular dysrhythmias largely depends on the number of ectopic foci
discharging, the rate and character of the dysrhythmia, and whether the presence of the
abnormal beats is of adverse hemodynamic consequence, including risk of sudden death.
Many ventricular dysrhythmias, including slow idioventricular rhythms, ventricular
bigeminy, or intermittent ventricular premature complexes, do not warrant antiarrhythmic
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Figure 1-36:  Supraventricular tachycardia.
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TABLE 1-33 Oral Management of Ventricular Dysrhythmias in Dogs

Drug Dose
Procainamide 10-20 mg/kg PO q6-8h
Tocainide* 10-20 mg/kg PO q8h
Sotalol 40-120 mg per dog q12h (start low, then titrate up to effect)
Mexiletine 5-8 mg/kg PO q8h
Atenolol 0.25-1.0 mg/kg PO q12-24h (start low, titrate upward to effect)

*Do not use for longer than 2 weeks because of idiosyncratic blindness.

therapy unless the patient is hypotensive and the dysrhythmia is thought to be contribut-
ing to the hypotension. In such cases, correction of the underlying disease process includ-
ing hypoxia, pain, or anxiety often alleviates or decreases the incidence of the dysrhythmia.

More serious ventricular dysrhythmias that warrant antiarrhythmic therapy (Table 1-33)
include sustained ventricular tachycardia (>160 beats/minute in dogs; >220 beats/minute
in cats), multifocal ventricular premature complexes originating from more than one place
in the ventricles, and the presence of R-on-T phenomena where the T wave of the preced-
ing complex is superimposed on the QRS of the next complex with no return to isoelectric
shelf in between complexes. Treat these ventricular dysrhythmias immediately and aggres-
sively. In dogs, the mainstay of emergency treatment for ventricular dysrhythmias is lido-
caine therapy. Administer lidocaine (1 to 2 mg/kg IV bolus) over a period of 5 minutes
to prevent the adverse side effects of seizures or vomiting. The bolus can be repeated an
additional 3 times (total dose 8 mg/kg) over 15 minutes, or the patient can be placed on a
constant rate infusion (50 to 100 pg/kg/minute) if control of ventricular tachycardia is
accomplished. Also correct the patient’s magnesium and potassium deficiencies to maximize
the success of lidocaine therapy in the treatment of ventricular tachycardia. Procainamide
(4 mg/kg IV slowly over 3 to 5 minutes) also can be used to control ventricular tachycar-
dia. If procainamide is successful at controlling ventricular tachycardia, administer it as a
constant rate infusion (25 to 40 pg/kg/minute). Side effects of procainamide include
vomiting, diarrhea, and hypotension.

Chronic oral therapy may or may not be necessary in the treatment of acute ventricu-
lar tachycardia. The decision to continue antiarrhythmic therapy depends on the under-
lying disease process and the expectation of persistent arrhythmogenesis of the underlying
disease process. Oral antiarrhythmic therapy is warranted in cases in which a serious
ventricular dysrhythmia is recognized but the animal does not require hospitalization,
such as the syncopal Boxer with intermittent ventricular dysrhythmias and no evidence of
structural heart disease. It deserves emphasis that asymptomatic, low-grade ventricular
dysrhythmias probably do not require treatment. If maintenance therapy for ventricular
dysrhythmias is needed, use an oral drug based on the underlying disease process, clinical
familiarity, class of drug, dosing frequency, owner compliance, concurrent medications,
cost, and potential adverse side effects.

Treatment of ventricular dysrhythmias in cats

In the cat the mainstay of antiarrhythmic therapy is the use of a B-adrenergic antagonist.
In the acute management of ventricular dysrhythmias in cases of hypertrophic, restrictive,
or unclassified cardiomyopathies, consider using injectable esmolol (0.05 to 1.0 mg/kg IV
slowly to effect) or propranolol (0.02 to 0.06 mg/kg IV slowly to effect), particularly if the
dysrhythmia results from hyperthyroidism. For chronic oral ventricular antiarrhythmic
therapy in cats, propranolol (2.5 to 5.0 mg PO per cat q8h) or atenolol (6.25 to 12.5 mg PO
per cat q12-24h) can be used.

Supraventricular dysrhythmias

The decision to treat supraventricular dysrhythmias depends on the ventricular rate
and the hemodynamic consequences of the dysrhythmia. For intermittent isolated atrial
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TABLE 1-34 Parenteral and Oral Management of Supraventricular

Dysrhythmias
Drug Dose
Parenteral
Esmolol 50-100 pg/kg IV bolus, 50-200 pg/kg/minute IV CRI
Propranolol 0.04-0.1 mg/kg IV slowly to effect
Diltiazem 0.1-0.25 mg/kg IV slowly to effect, then 2-6 pg/kg/minute CRI
Digoxin 0.0025 mg/kg bolus IV; can be repeated every hour up to 0.01 mg/kg
maximum dose
Oral
Digoxin 0.005-0.01 mg/kg PO bid; animal >15 kg, 0.22 mg/m? PO bid
Diltiazem 0.5 mg/kg PO bid
Diltiazem 1.5-6 mg/kg q12-24h (dog); cat, 30-60 mg PO q12-24h
(Dilacor-XR)
Atenolol 0.25-1 mg/kg q12-24h; cat, 6.25 mg PO q12-24h
Propranolol 0.1-0.2 mg/kg PO q8h, titrated up to a maximum of 0.5 mg/kg PO
q8h; cat, 2.5-10 mg/kg PO q8h
Amiodarone 10 mg/kg PO q12h for 7 days, then 5 mg/kg PO q24h (maintenance)

premature contractions, couplets, and triplets, usually no treatment is required. When the
ventricular rate exceeds 180 beats/minute, diastolic filling time is shortened, causing the
heart to not fill adequately. The consequence is decreased cardiac output and decreased
coronary artery perfusion. The goal of therapy is rhythm control or, in most cases, rate
control. In cases of atrial fibrillation and congestive heart failure, conversion to a normal
sinus rhythm rarely can be achieved, although electrocardioversion or pharmacoconversion
can be attempted.

In the dog a vagal maneuver can be attempted by pressing on the eyeballs or massaging
the carotid body. For sustained supraventricular tachycardia, diltiazem (0.25 mg/kg IV),
esmolol (0.05 to 0.1, titrated upward to a cumulative dose of 0.5 mg/kg IV), or propranolol
(0.04 to 0.1 mg/kg IV slowly to effect) can be administered in an attempt to slow the ventric-
ular rate in emergent situations. Administer oral diltiazem (0.5 mg/kg PO q8h), diltiazem
(Dilacor-XR) (1.5 to 6 mg/kg PO q12-24h), propranolol (0.1 to 0.2 mg/kg tid, titrated up
to a maximum of 0.5 mg/kg PO q8h), atenolol (0.25 to 1 mg/kg q12-24h), or digoxin
(0.005 to 0.01 mg/kg bid or 0.22 mg/m? for dogs greater than 15 kg).

In the cat a vagal maneuver can be attempted by ocular or carotid massage. (Diltiazem
[Dilacor] 30 to 60 PO q12-24h), propranolol (2.5 to 10 mg/kg q12-24h), or atenolol (6.25 mg
q12-24h) also can be administered. If structural heart disease is present, treat pulmonary
edema and start angiotensin-converting enzyme inhibitor therapy. Table 1-34 summarizes
the drugs used in the management of supraventricular dysrhythmias.

BRADYARRHYTHMIAS

Severe bradycardia often results from systemic disease, drug therapy, anesthetic agents, or
hypothermia and thus rarely requires specific therapy except to treat or reverse the under-
lying mechanisms promoting bradycardia. Hemodynamically significant bradyarrhyth-
mias that must be treated include atrial standstill, atrioventricular block, and sick sinus
syndrome.

Atrial standstill

Atrial standstill most commonly is associated with hyperkalemia and is seen most often in
urinary obstruction, renal failure, urinary trauma with uroabdomen, and hypoadreno-
corticism. Characteristic ECG abnormalities observed in atrial standstill are an absence of
P waves, widened QRS complexes, and tall spiked T waves (Figure 1-37).
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Figure 1-37:  An example of atrial standstill caused by hyperkalemia in a blocked tomcat. Note
that there are no P waves and that the ventricular QRS complexes are widened and blunted.

The treatment for hyperkalemia-induced atrial standstill is to correct the underly-
ing cause and to drive potassium intracellularly and protect the myocardium from the
adverse effects of hyperkalemia. Regular insulin (0.25 to 0.5 units/kg IV) followed by
dextrose (1 g/unit insulin IV, followed by 2.5% dextrose CRI to prevent hypoglycemia) or
sodium bicarbonate (1 mEq/kg IV) can be administered to drive potassium intracellularly.
Calcium gluconate (0.5 mL/kg of 20% solution IV over 5 minutes) also can be adminis-
tered as a cardioprotective drug until the cause of hyperkalemia has been identified and
resolved. Also administer sodium chloride fluids (0.9% sodium chloride IV) to promote
kaliuresis.

Less commonly, atrial standstill is associated with atrial cardiomyopathy or silent atrium
syndrome. Persistent atrial standstill has been recognized without electrolyte abnormalities
in the English Springer Spaniel and the Siamese cat. Short-term therapy for persistent atrial
standstill includes atropine (0.04 mg/kg SQ) until definitive treatment by implantation of
a cardiac pacemaker can be performed.

Third-degree atrioventricular block

Complete or third-degree atrioventricular block or high-grade symptomatic second-
degree atrioventricular block can be hemodynamically significant when ventricular rates
are less than 60 beats/minute in the dog. Classic clinical signs include weakness, exercise
intolerance, lethargy, anorexia, syncope, and occasionally seizures. Advanced atrioventric-
ular block usually is caused by advanced idiopathic degeneration of the atrioventricular
node. Less commonly, atrioventricular block has been associated with digoxin toxicity,
magnesium oversupplementation, cardiomyopathy, endocarditis, or infectious myocarditis
(Lyme disease). An accurate diagnosis is made based on the ECG findings of nonconducted
P waves with ventricular escape beats. First- and second-degree atrioventricular block may
not be hemodynamically significant and therefore may not require therapy.

Initially treat third-degree (complete) or symptomatic high-grade second-degree atrio-
ventricular block (<60 beats/minute) with atropine (0.04 mg/kg SQ or IM). Perform a
follow-up ECG in 15 to 20 minutes. Atropine is rarely successful in treating complete atri-
oventricular block. Also attempt treatment with isoproterenol (0.04 to 0.08 ug/kg/minute
IV CRI or 0.4 mg in 250 mL 5% dextrose in water IV slowly), a pure B-agonist. Definitive
treatment requires permanent pacemaker implantation. Consultation with a veterinary
cardiologist who implants pacemakers is suggested. Never attempt to convert or treat the
observed ventricular escape beats with lidocaine (Figure 1-38).

Sick sinus syndrome

Sick sinus syndrome most commonly is recognized in the Miniature Schnauzer, although
any dog can be affected. Sick sinus syndrome usually results from idiopathic degeneration
of the sinus node in the dog. In the cat, sinus node degeneration usually is associated with
cardiomyopathy. Dysfunction of the sinus node may manifest as marked bradycardia with
periods of sinus arrest followed by junctional or ventricular escape complexes. A variant of
sick sinus syndrome is the presence of severe bradycardia followed by periods of supra-
ventricular tachycardia, often termed bradycardia-tachycardia syndrome. The most common
clinical signs are syncope, exercise intolerance, and lethargy.



EMERGENCY MANAGEMENT OF SPECIFIC CONDITIONS 127

Figure 1-38: Example of third-degree atrioventricular block. Note that there does not appear
to be conductance of any of the p-waves, leading to intermittent narrow complex ventricular
escape beats.

Treatment of sick sinus syndrome involves permanent pacemaker implantation by a
veterinary cardiologist. Less severe cases of sick sinus syndrome can be managed medically,
at least short-term, with atropine (0.04 mg/kg IM) or probanthine (0.5 to 1.5 mg/kg PO q8h).

Additional Reading

Abbott JA: Beta-blockage in the management of systolic dysfunction, Vet Clin North Am Small
Anim Pract 34(5):1157-1170, 2004.

Geltzer ARM, Kraus MS: Management of atrial fibrillation, Vet Clin North Am Small Anim Pract
34(5):1127-1144, 2004.

Kittleson MD, Kienle RD: Diagnosis and treatment of arrhythmias. In Small animal cardiovas-
cular medicine, St Louis, 1999, Mosby.

O’Grady MR, O’Sullivan ML: Dilated cardiomyopathy: an update, Vet Clin North Am Small
Anim Pract 34(5):1187-1207, 2004.

Wright KN: Interventional catheterization for tachyarrhythmias, Vet Clin North Am Small Anim
Pract 34(5):1171-1185, 2004.

ConGEesTIVE HEART FAILURE IN DoGs AND CATS
Presentation in the dog

The majority of animals that present with congestive heart failure (CHF) are older animals
that have some acquired heart disease that develops later in life. Congenital defects are rarer
than acquired heart disease. The most common congenital defect observed in dogs and in
some cats is a patent ductus arteriosus.

The most common acquired cardiac disease in dogs is chronic valvular disease, or endo-
cardiosis (mitral valve endocardiosis). In endocardiosis, the atrioventricular valves chron-
ically lose the ability to close effectively, causing abnormalities in blood flow, including
regurgitation during ventricular systole. In most cases, disease progression is chronic and
slow, although acute exacerbations and onset of clinical signs can be associated with stress,
rupture of a chordae tendinae, or ingestion of a high-salt meal. Mitral valve disease tends
to affect older toy breeds such as miniature Poodles, Chihuahuas, and younger Cavalier
King Charles Spaniels.

The second most common cause of acquired heart disease is dilated cardiomyopathy,
which is a disease of primary myocardial failure. In dilated cardiomyopathy the muscular
wall of the heart becomes thin and weak as the myocardium dilates, causing a decrease in
contractility and cardiac output. Secondary mitral and tricuspid valvular insufficiency may
result from chronic stretching of the valve annulus. This type of heart disease typically is
associated with giant breed dogs including Irish Wolfhounds, English Mastiffs, Great Danes,
Boxers, and Doberman Pinschers. A rare form of the disease has been documented in
young Labrador Retrievers. Acute exacerbation of dilated cardiomyopathy may be related
to the development of a dysrhythmia, including atrial fibrillation.
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Presentation in the cat

In cats, hypertrophic cardiomyopathy is the most common form of acquired cardiac
disease observed. Congestive heart failure resulting from hypertrophic cardiomyopathy can
occur in animals as young as 6 to 10 months of age. Hypertrophic cardiomyopathy is char-
acterized by stiff, noncompliant ventricles that do not relax during diastole, causing an
increase in left atrial pressures and left atrial enlargement. Other cardiomyopathies, includ-
ing unclassified, restrictive, and dilated, are less common but also can occur in the cat. Cats
often develop acute exacerbation of clinical signs because of stress or arterial embolization.

Immediate action/treatment

The rapid diagnosis of CHF often is made on owner history, signalment, and physical
examination findings (Box 1-36).

Typical physical examination findings include a cardiac murmur or gallop dysrhythmia,
abnormal breath sounds, respiratory difficulty and orthopnea, tachycardia, weak pulse
quality, cool peripheral extremities, and pale or cyanotic mucous membrane. Initiate
immediate treatment based on physical examination findings and index of suspicion.
In some cases, it is difficult to distinguish between CHF and feline lower airway disease
(asthma) without performing thoracic radiographs. Let the animal rest and become stabi-
lized before attempting any stressful procedures, including thoracic radiographs.

Immediate treatment consists of administering supplemental oxygen, decreasing
circulating fluid volume with furosemide, dilating pulmonary and splanchnic capacitance
vessels with topical nitroglycerine and morphine, and alleviating patient anxiety and stress
(Box 1-37).

Differential diagnosis

Primary differential diagnoses are made based primarily on the patient’s breed, age, clini-
cal signs, history, and physical examination abnormalities. The most common differential
diagnoses in a patient with CHF are cardiac abnormalities and respiratory disease (chronic
bronchitis [asthma], pulmonary hypertension, cor pulmonale, neoplasia).

Postpone diagnostic tests in any patient with suspected CHF until the immediate treat-
ments have taken effect and the patient is cardiovascularly more stable. In most cases,
lateral and dorsoventral thoracic radiographs are one of the most important diagnostic
tools in helping make a diagnosis of CHF. Increased perihilar interstitial to alveolar infil-
trates are characteristic of pulmonary edema. Left atrial enlargement may be observed as a
“backpack” sign at the caudal cardiac waist. Cardiomegaly of the right or left side also may

BOX 1-36 COMMON PRESENTING COMPLAINTS BY OWNERS

OF PATIENTS WITH CONGESTIVE HEART FAILURE

o Lethargy e Inappetance

o Weakness o Weight loss

e Cough e Abdominal distention
e Respiratory difficulty ¢ Syncope

¢ Exercise intolerance

BOX 1-37 IMMEDIATE MANAGEMENT OF CONGESTIVE HEART FAILURE

¢ Supplemental oxygen at 50 to 100 mL/kg/minute to supply 40% to 50% oxygen

o Furosemide, 4 to 8 mg/kg IV, IM, every 30 minutes until the patient urinates and body weight
decreases by 7%

o Nitroglycerine ointment (1/4 to 1 inch topically) every 8 hours

¢ Morphine, 0.025 to 0.05 mg/kg IV (dog only)
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BOX 1-38 VERTEBRAL HEART SUM TO DETERMINE CARDIOMEGALY

The vertebral heart sum can be calculated by performing the following steps:

1. Measure the long axis of the heart from the apex to the carina on the lateral view and mark the
distance on a sheet of paper.

2. Measure the length of the long axis of the heart in terms of vertebral bodies, starting by count-
ing caudally from the fourth thoracic vertebra; count the number of vertebrae that are covered
by the length of the long axis of the heart.

3. Measure the short axis of the heart at the caudal vena cava, perpendicular to the long axis of
the heart.

4. Count the number of thoracic vertebrae covered by the short axis of the heart, starting at T4.

5. Add the two numbers together to yield the vertebral heart sum; a vertebral heart sum greater
than 10.5 is consistent with cardiomegaly.

be present in cases of valvular insufficiency. In cats, increased sternal contact and a classic
valentine-shaped heart may be observed in cases of hypertrophic cardiomyopathy. Perform
a vertebral heart score (sum) to measure cardiac size and determine whether cardiomegaly
is present (Box 1-38).

Also obtain arterial blood pressure and ECG readings to determine whether hypoten-
sion and dysrhythmias are present. Atrial fibrillation, ventricular premature contractions,
and supraventricular tachycardia are common rhythm disturbances that can affect cardiac
output adversely and influence treatment choices.

The echocardiogram is a useful noninvasive and nonstressful method to determine the
degree of cardiac disease present. The echocardiogram is largely user-dependent. The quality
of the study is based on the experience of the operator and the quality of the ultrasound
machine. Echocardiography can be a useful tool in making a diagnosis of pericardial effu-
sion, dilated or hypertrophic cardiomyopathy, cardiac neoplasia, and endocarditis.

Management of congestive heart failure in dogs and cats

The medical management of CHF is designed to improve cardiac output and relieve clini-
cal signs. The immediate goal of therapy is to reduce abnormal fluid accumulation and
provide adequate cardiac output by increasing contractility, decreasing preload and
ventricular afterload, and/or normalizing cardiac dysrhythmias. Strict cage rest is of utmost
importance when managing a patient with CHE

After initial administration of furosemide, morphine, oxygen, and nitroglycerine paste,
clinical signs of respiratory distress should show improvement within 30 minutes. If no
improvement is observed, administer repeated doses of furosemide. Reevaluate severe cases
that are refractory to this standard treatment protocol. Vasodilation should be the next step
in the management of refractory cases, provided that a normal blood pressure is present.
Sodium nitroprusside is a potent balanced vasodilator that should be administered (1 to 10
pg/kg/minute IV CRI), taking care to monitor blood pressure continuously because severe
vasodilation and hypotension can occur. The goal of nitroprusside therapy is to maintain
a mean arterial blood pressure of 60 mm Hg. Sodium nitroprusside should not be consid-
ered in cases of refractory CHF with severe hypotension.

For more long-term management of CHF, the use of angiotensin-converting enzyme
(ACE) inhibitors including enalapril (0.5 mg/kg PO q12-24h), benazepril (0.5 mg/kg PO
q24h), and lisinopril (0.5 mg/kg PO gq24h) have become the mainstay of therapy to reduce
sodium and fluid retention and decrease afterload. Start angiotensin-converting enzyme
inhibition as soon as a patient is able to tolerate oral medications.

Dobutamine (2.5 to 10 ug/kg/minute CRI diluted in 5% dextrose in water) can be
administered to improve cardiac contractility, particularly in cases of dilated cardiomyopa-
thy. At low doses, dobutamine, primarily a B-adrenergic agonist, will improve cardiac
output with minimal effects on heart rate. Dobutamine must be given as a constant rate
infusion with careful, continuous ECG monitoring. Despite minimal effects on heart rate,
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sinus tachycardia or ventricular dysrhythmias may develop during infusion. Cats are more
sensitive to the effects of dobutamine than dogs. Monitor carefully for seizures and facial
twitching.

Digoxin is a cardiac glycoside that acts as a positive inotrope and negative chronotrope
in the long-term management of CHF. Digoxin has a long (24 hours in dogs, and 60 hours
in cats) half-life and so has minimal use in the emergency management of CHEF. In chronic
management of CHF resulting from dilated cardiomyopathy or advanced mitral disease,
however, digoxin is extremely useful. Oral digitalization protocols have been developed but
are risky in that dysrhythmias and severe gastrointestinal side effects can occur.

Cats with CHF often have fulminant pulmonary edema, pleural effusion, arterial
thromboembolism, or some combination of all three. If the pleural effusion is significant,
perform therapeutic thoracocentesis to relieve pulmonary atelectasis and improve
oxygenation. Once the diagnosis and initial management of CHF has been made, formu-
late a plan for continued management and monitoring. Tailor the therapeutic plan to the
patient based on the cause of the CHE, the presence of concurrent diseases, and response
to therapy. An important and often overlooked part of the successful emergency manage-
ment of CHF is the open communication with the owner regarding the owner’s emotional
and financial commitment for immediate and long-term management to ensure appropriate
quality of life for each patient.
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canine and feline cardiology, ed 2, Philadelphia, 1999, WB Saunders.

CANINE CAVAL SYNDROME OF HEARTWORM DISEASE

Caval syndrome resulting from severe heartworm disease is caused by the rapid maturation
of a large quantity of adult worms in the right atrium and cranial and caudal venae cavae.
Most cases of caval syndrome occur in regions of the world where heartworm disease is
highly endemic and dogs spend a large portion of time living outdoors. Caval syndrome is
recognized by the following clinical signs and results of biochemical analyses: acute renal
and hepatic failure, enlarged right atrium and posterior vena cava, ascites, hemoglobinuria,
anemia, acute collapse, respiratory distress, DIC, jugular pulses, circulating microfilariae,
and sometimes tricuspid insufficiency.

Immediate action

Immediate action in cases of caval syndrome in dogs involves immediate stabilization of
the cardiovascular and respiratory systems with supplemental oxygen, furosemide (4 mg/kg
IV), and careful crystalloid fluid infusion.
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Diagnosis

Diagnosis of caval syndrome is based on clinical signs of cardiogenic shock with right
ventricular heart failure, intravascular hemolysis, and renal and hepatic failure. Thoracic
radiographs reveal cardiomegaly of the right side and enlarged tortuous pulmonary arteries.
A right axis deviation may be seen on ECG tracings. Clinicopathologic changes observed
include azotemia, inflammatory leukogram, regenerative anemia, eosinophilia, elevated
hepatocellular enzyme activities, hemoglobinuria, and proteinuria. Circulating microfilar-
iae may be observed on peripheral blood smears or in the buffy coat of microhematocrit
tubes. Heart worm antigen tests will be strongly positive. Echocardiographic changes include
visualization of a large number of heartworms in the right atrium, pulmonary arteries, and
vena cava, tricuspid insufficiency, and right atrial and ventricular enlargement.

Management

Treatment involves surgical removal of as many of the adult heartworms as possible
from the right jugular vein and right atrium. Glucocorticosteroids are recommended to
decrease inflammation and microangiopathic disease associated with heartworm infection.
For more long-term management, administer adulticide therapy several weeks following
surgery, followed by routine microfilaricide therapy and then prophylaxis.

Additional Reading

Calvert CA, Rawlings CA, McCall JW: Canine heartworm disease. In Fox PR, Sisson D, Moise NS,
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Kitagawa H, Kitoh K, Ohba Y, et al: Comparison of laboratory results before and after
surgical removal of heartworms in dogs with vena caval syndrome, ] Am Vet Med Assoc
213(8):1134-1136, 1998.

Kuntz CA, Smith-Carr S, Huber M, et al: Use of a modified surgical approach to the right atrium
for retrieval of heartworms in a dog, ] Am Vet Med Assoc 208(5):692-604, 1996.

PERICARDIAL EFFUSION AND PERICARDIOCENTESIS

Pericardial effusion often develops as a consequence of neoplasia in the older dog and cat.
The most common types of neoplasia that affect the heart and pericardium include
hemangiosarcoma, chemodectoma, mesothelioma, and metastatic neoplasia. More rarely,
other causes of pericardial effusion include benign idiopathic pericardial effusion, coagu-
lopathy, left atrial rupture in dogs with chronic mitral valvular insufficiency, infection, or
pericardial cysts. Regardless of the cause of the effusion, the development of pericardial
tamponade adversely affects cardiac output.

Cardiac output is a function of heart rate and stroke volume. Stroke volume depends on
cardiac preload. The presence of pericardial effusion can impede venous return to the heart
and thus adversely affect preload. In addition, as preload decreases, heart rate reflexively
increases in an attempt to maintain normal cardiac output. As heart rate increases more
than 160 beats/minute, diastolic filling is impaired further, and cardiac output further
declines. Animals with pericardial effusion often demonstrate the classic signs of hypovolemic
or cardiogenic shock: anorexia, weakness, lethargy, cyanosis, cool peripheral extremities,
tachycardia, weak thready pulses, hypotension, and collapse. Physical examination abnor-
malities may include muffled heart sounds, thready femoral pulses, pulsus paradoxus, jugu-
lar venous distention, weakness, tachycardia, cyanosis, and tachypnea. Electrocardiogram
findings may include low amplitude QRS complexes (<0.5 mV), sinus tachycardia, ventricu-
lar dysrhythmias, or electrical alternans (Figure 1-39). Thoracic radiographs often demon-
strate a globoid cardiac silhouette, although the cardiac silhouette rarely may appear normal
with concurrent clinical signs of cardiogenic shock in cases of acute hemorrhage. In
such cases the removal of even small amounts of pericardial effusion by pericardiocentesis
can increase cardiac output exponentially and alleviate clinical signs (Table 1-35). Unless
an animal is dying before your eyes, ideally perform an echocardiogram to attempt to
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Figure 1-39:  An example of electrical alternans. This rhythm is observed in cases of pericardial
effusion, as the heart swings to and fro within the fluid, toward and away from the electrical axis.

TABLE 1-35 Differential Diagnosis of Pericardial Effusion

Type of
pericardial effusion ~ Cause Characteristic features
Hemorrhagic Heart base tumors Usually brachycephalic breeds; >8 years
Hemangiosarcoma old; blood usually nonclotting
Metastatic neoplasia Large breed dogs
Benign idiopathic Middle-aged large breed dogs
pericardial effusion Cardiac puncture
Physical trauma Small breeds, >8 years of age; chronic
Left atrial rupture valvular disease
Transudate Coagulopathy Radiograph or echocardiogram will
Congestive heart failure usually demonstrate lesion
Hypoproteinemia
Following peritoneo-
pericardial
diaphragmatic hernia
Exudate Infectious pericarditis Exudate in distemper, leptospirosis,

Suppurative pericarditis

and systemic fungal infection
Foreign body or hematologic spread of
inflammatory process

determine whether a right atrial, right auricular, or heart base mass is present before peri-

cardiocentesis.

Pericardiocentesis

Before attempting pericardiocentesis, assemble all of the required supplies (Box 1-39).
To perform pericardiocentesis, follow this procedure:

AW N =

. Place the patient in sternal or lateral recumbency.

. Attach ECG leads to monitor the patient for dysrhythmias during the procedure.

. Clip a 6-cm square caudal to the right elbow over the fifth to seventh intercostal space.
. Aseptically scrub the clipped area, and infuse 1 to 2 mg/kg of 2% lidocaine mixed with

a small amount of sodium bicarbonate just dorsal to the sternum at the sixth
intercostal space. Bury the needle to the hub, and inject the lidocaine as you withdraw

the needle.
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BOX 1-39 SUPPLIES REQUIRED FOR PERICARDIOCENTESIS

2% lidocaine e Three-way stopcock

3-mL syringe 60-mL syringe

25-gauge needle Red- and lavender-topped tubes
No. 11 scalpel blade Collection bowl

14- to 16-gauge Abbott-T catheter or Turkel Clippers

thoracic drainage catheter Antimicrobial scrub
Intravenous extension tubing

5. While the local anesthetic is taking effect, assemble the intravenous extension tubing,
three-way stopcock, and 60-mL syringe.

6. Wearing sterile gloves, make a small nick incision in the skin to decrease drag on the
needle and catheter during insertion.

7. Slowly insert the needle and catheter, watching for a flash of blood in the hub of the
needle, and simultaneously watching for cardiac dysrhythmias on the ECG monitor.

8. Once a flash of blood is observed in the hub of the needle, advance the catheter off of
the stylette further into the pericardial sac, and remove the stylette.

9. Attach the length of intravenous extension tubing to the catheter, and have an
assistant withdraw the fluid slowly.

10. Place a small amount of fluid in a red-topped tube, and watch for clots. Clot
formation could signify that you have penetrated the right ventricle inadvertently or
that active hemorrhage is occurring. Withdraw as much of the fluid as possible, and
then remove the catheter. Monitor the patient closely for fluid reaccumulation and
recurrence of clinical signs of cardiogenic shock.
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EAR EMERGENCIES

FoRreiGN BoDIES

Foreign bodies within the ear canal (e.g., foxtails) can present as emergencies because of
acute inflammation and pressure necrosis of the tissue of the external auditory meatus
causing pain and discomfort. Clinical signs may be limited to incessant head shaking or
scratching of the ear canal.

Immediate action/treatment

Complete examination of the ear canal and removal of any foreign body often requires
administration of a short-acting anesthetic agent. Once the animal has been restrained
sufficiently and placed under anesthesia, carefully examine the ear canal and remove any
foreign material with an alligator forceps. Stimulation of the ear canal can cause awakening
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and shaking of the head. Use care to not perforate the tympanum or cause trauma to the
ear canal with the forceps. Heat-fix any purulent material within the ear canal and exam-
ine it cytologically for bacteria or fungal organisms. Gently irrigate the ear canal with warm
sterile saline to remove excessive debris and exudates. Use care to avoid excessive pressure
(>50 mm Hg) to avoid iatrogenic damage to the tympanic membrane.

Management

After removal of all debris and detritus, gently wipe the internal and external ear canal with
a sterile gauze. Place a topical antimicrobial-antifungal-steroid ointment such as Otomax
in the ear every 8 to 12 hours. If pain and discomfort is severe, systemically effective opioids
or NSAIDs may be required.

0Timis EXTERNA

Otitis externa is a common emergency that causes excessive head shaking, scratching, and
purulent malodorous aural discharge.

Immediate action/treatment

Clean the ear canal with an irrigating solution such as Epiotic and wipe it clean of debris.
Perform a complete aural examination to determine whether a foreign body or tumor is
present and whether the tympanic membrane is intact. Heat-fix any discharge and exam-
ine it cytologically for bacteria and fungal organisms. Following careful cleansing, instill a
topical antibiotic-antifungal-steroid ointment.

Management

In severe cases in which the ear canal has scarred and closed down with chronicity, consider
administering systemically effective antibiotics (cephalexin, 22 mg/kg PO tid) and antifun-
gal agents (ketoconazole, 10 mg/kg PO q12h) instead of topical therapy. Systemically effec-
tive steroids (prednisone or prednisolone, 0.5 mg/kg PO q12h) may be indicated in cases
of severe inflammation to decrease pruritus and patient discomfort.

OTITIS INTERNA

Presentation of a patient with otitis interna often is characterized by torticollis, head tilt,
nystagmus, circling to the affected side, or rolling. Fever, pain, vomiting, and severe depres-
sion may accompany clinical signs. Most cases of severe otitis interna are accompanied by
severe otitis media. Both conditions must be treated simultaneously. The most common
causes of otitis interna are Staphylococcus aureus, Pseudomonas, Escherichia coli, or Proteus
spp. Otitis interna can develop by infection spreading across the tympanic membrane,
through the eustachian tubes, or by hematogenous spread from the blood supply to the
middle ear. In most cases of otitis media, the tympanic membrane is ruptured.

Immediate action

Perform a culture and susceptibility test of the debris behind the tympanic membrane and
within the aural canal. Carefully clean the external ear canal. Medicate with a topical
combination antibiotic, antifungal, and antibiotic ointment. Administer high-dose anti-
biotics (cephalexin, 22 mg/kg PO q8h, or enrofloxacin, 10 to 20 mg/kg PO q24h).

Management

If the tympanic membrane is not ruptured but appears swollen and erythematous, a
myringotomy may need to be performed. If clinical signs of otitis media persist despite
topical and systemic therapy, radiographic or CT/MRI examination of the tympanic bullae
may be required.

AURAL HEMATOMA

Chronic shaking of the head and ears or aural trauma (bite wounds) causes disruption of
the blood vessels and leads to the development of unilateral or bilateral aural hematomas.
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Aural hematomas are clinically significant because they cause patient discomfort and are
often due to the presence of some other underlying problem such as otitis externa, atopy, or
aural foreign bodies. Acute swelling of the external ear pinna with fluid is characteristic
of an aural hematoma. In some cases, swelling can be so severe that the hematoma breaks
open, bathing the patient and external living environment in blood.

Immediate action

When a patient has an aural hematoma, investigate the underlying cause. Perform a
complete aural examination to determine whether an aural foreign body, otitis externa, or
atopy are present. Carefully examine and gently clean the inner ear canal. Treat underlying
causes.

Management

Management of an aural hematoma involves draining the hemorrhagic fluid from the aural
tissue and tacking the skin down in multiple places to prevent reaccumulation of fluid until
the secondary cause is resolved. Many techniques have been described to surgically tack
down the skin overlying the hematoma. After the animal has been placed under general
anesthesia, lance the hematoma down the middle with a scalpel blade and remove the fluid
and blood clot. Tack down the skin with multiple through-and-through interrupted or
mattress sutures through the ear. Some clinicians prefer to suture through and attach a
sponge or length of x-ray film to the front and back of the ear for stabilization and support.
More recently, a laser can be used to drill holes in the hematoma and tack the skin down in
multiple areas. Compress the ear against the head with a compression bandage, whenever
possible, for 5 to 7 days after the initial surgery, and then recheck the ear. The patient must
wear an Elizabethan collar until the surgical wound and hematoma heal to prevent self-
mutilation. Also systemically treat underlying causative factors such as otitis externa with
antibiotics, antifungals, and steroids as indicated. Investigate and treat other underlying
causes such as hypothyroidism or allergies.
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ELECTROCUTION/ELECTRIC SHOCK

Electrocution usually is observed in young animals after they have chewed on an electric
cord. Other causes of electrocution include use of defective electrical equipment or being
struck by lightning. Electric current passing through the body can produce severe
dysrhythmias, including supraventricular or ventricular tachycardia and first- and third-
degree atrioventricular block. The electric current also can produce tissue destruction from
heat and electrothermal burns. Electrocution also commonly results in noncardiogenic
pulmonary edema caused by massive catecholamine release and increase in pulmonary
vascular pressures during the event. Ventricular fibrillation can occur, although that
depends on the intensity and path of the electrical current and duration of contact.
Clinical signs of electrocution include acute onset of respiratory distress with moist
rales, and localized necrosis or thermal burns of the lips and tongue. Often the skin at the
commissures of the mouth appears white or yellow and firm to the touch. Muscle fascicu-
lations, loss of consciousness, and ventricular fibrillation may occur. Thoracic radiographs
often reveal an increased interstitial to alveolar lung pattern in the dorsocaudal lung fields.
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Noncardiogenic pulmonary edema can develop up to 24 to 36 hours after the initial inci-
dent. The first 24 hours are most critical for the patient, and then prognosis improves.

The most important aspect in the treatment of the patient with noncardiogenic
pulmonary edema is to minimize stress and to provide supplemental oxygen, with positive
pressure ventilation, when necessary. Although treatment with vasodilators (low-dose
morphine) and diuretics (furosemide) can be attempted, noncardiogenic pulmonary
edema is typically resistant to vasodilator and diuretic therapy. Positive inotropes and pres-
sor drugs may be necessary to treat shock and hypotension. Opioid drugs (morphine,
hydromorphone, oxymorphone) may be useful in controlling anxiety until the pulmonary
edema resolves. Administer broad-spectrum antibiotics (cefazolin; amoxicillin and clavu-
lanic acid [Clavamox]) to treat thermal burns. Use analgesic drugs to control patient
discomfort. If thermal burns are extensive and prohibit adequate food intake, place a feed-
ing tube as soon as the patient’s cardiovascular and respiratory function are stable and the
patient can tolerate anesthesia.

EMERGENCIES OF THE FEMALE REPRODUCTIVE TRACT AND GENITALIA

UTERINE PROLAPSE

Prolapse of the uterus occurs in the immediate postparturient period in the bitch and
queen. Excessive straining during or after parturition causes the uterus to prolapse caudally
through the vagina and vulva. Immediate intervention is necessary. Examine the bitch or
queen for a retained fetus. Treatment consists of general anesthesia to replace the prolapsed
tissue. If the uterus is edematous, physical replacement may be difficult or impossible.
Application of a hypertonic solution such as hypertonic (7%) saline or dextrose (50%)
to the exposed endometrium can help shrink the tissue. That, combined with gentle
massage to stimulate uterine contraction and involution and lubrication with sterile lubri-
cating jelly, can aid in replacement of the organ into its proper place. To ensure proper
placement in the abdominal cavity and to prevent recurrence, perform an exploratory
laparotomy and hysteropexy. Postoperatively, administer oxytocin (5 to 20 units IM) to
cause uterine contraction. If the uterus contracts, it is usually not necessary to suture the
vulva. Administer antibiotics postoperatively. Recurrence is uncommon, even with subse-
quent pregnancies.

If the tissue is damaged or too edematous to replace or if the tissue is devitalized, trau-
matized or necrotic, perform an ovariohysterectomy. In some instances, replacement of the
damaged tissue is not necessary before removal.

PYOMETRA

Pyometra occurs in dogs and cats. The disease process occurs as a result of infection over-
lying cystic endometrial hyperplasia under the constant influence of progesterone. During
the 2-month luteal phase after estrus or following copulation, artificial insemination, or
administration of hormones (particularly estradiol or progesterone), the myometrium
becomes relaxed and favors a quiescent environment for bacterial proliferation.

Clinical signs of pyometra are associated with the presence of bacterial endotoxin and
sepsis. Early, affected animals become lethargic and anorectic. Polyuria with secondary
polydipsia is often present because of the influence of bacterial endotoxin on renal tubular
concentration. If the cervix is open, purulent or mucoid vaginal discharge may be observed.
Later in the course of pyometra, vomiting, diarrhea, and progressive debilitation resulting
from sepsis occur. Diagnosis is based on clinical signs in an intact queen or bitch and radi-
ographic or ultrasonographic evidence of a fluid-filled tubular density in the ventrocaudal
abdomen, adjacent to the urinary bladder (Figures 1-40 and 1-41).

Treatment of open and closed pyometra is correction of fluid and electrolyte abnormal-
ities, administration of broad-spectrum antibiotics, and ovariohysterectomy. Close pyome-
tra is a life-threatening septic condition. Open pyometra also can become life-threatening
and so should be treated aggressively. In closed pyometra, conservative medical therapy is
not advised. Administration of prostaglandins and oxytocin do not reliably cause the cervix
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Figure 1-40:  An example of a large pus-filled uterus after emergency ovariohysterectomy.

"v

Figure 1-41: Abdominal radiograph of a pyometra. Note the fluid-filled soft tissue density in
the caudal abdomen.

to open and can result in ascending infection from the uterus into the abdomen or uterine
rupture, both of which can result in severe peritonitis.

For animals with an open pyometra, ovariohysterectomy is the most reliable treatment
for chronic cystic endometrial hyperplasia. Although less successful than ovariohysterec-
tomy, medical therapy may be attempted in breeding bitches as an alternative to surgery.
The most widely used medical therapy in the breeding queen and bitch is administration
of prostaglandin F,,. This drug has not been approved for use in the queen or bitch in the
United States. To proceed with medical management of pyometra, first determine the size
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of the uterus. Start the patient on antibiotic therapy (ampicillin, 22 mg/kg IV q6h, or
enrofloxacin, 10 mg/kg PO q24h). Administer the prostaglandin F,, (250 ug/kg SQ q24h)
for 2 to 7 days until the size of the uterus approaches normal. Measure serum progesterone
concentrations if the bitch is in diestrus. As the corpus luteum degrades under the influ-
ence of prostaglandin F,,, serum progesterone levels will decline.

Prostaglandin F,, is an abortifacient and thus should not be administered to the preg-
nant bitch or queen. Clinical signs of a reaction to prostaglandin F,, can occur within 5 to
60 minutes in the bitch and can last for as long as 20 minutes. Clinical signs of a reaction
include restlessness, hypersalivation, panting, vomiting, defecation, abdominal pain, fever,
and vocalization. In a very ill animal, death can occur. The efficacy of prostaglandin F,,, is
limited and may require more than one treatment. The bitch should be bred on the
next heat cycle and then spayed because progressive cystic endometrial hyperplasia will
continue to occur.

Acute METRITIS

Acute metritis is an acute bacterial infection of the uterus that typically occurs within 1 to
2 weeks after parturition. The most common organism observed in metritis is E. coli
ascending from the vulva and vaginal vault. Sepsis can progress rapidly. Clinical signs of
acute metritis include inability to nurse puppies, anorexia, lethargy, foul-smelling purulent-
sanguineous vaginal discharge, vomiting, or acute collapse.

Physical examination may reveal fever, dehydration, and a turgid distended uterus.
Septic inflammation will be observed on vaginal cytologic examination. An enlarged uterus
can be observed with abdominal radiographs and ultrasonography.

Treatment of acute metritis is directed at restoring hydration status with intravenous
fluids and treating the infection with antibiotics. Because the primary cause of metritis is
E. coli infection, start enrofloxacin (10 mg/kg IV or PO once daily) therapy. As soon as the
patient’s cardiovascular status is stable enough for anesthesia, perform an ovariohysterec-
tomy. If the patient is not critical and is a valuable breeding bitch, medical therapy can be
attempted. Medical management of acute bacterial metritis includes administration of
oxytocin (5 to 10 units q3h for three treatments) or administration of prostaglandin F,,,
(250 ug/kg/day for 2 to 5 days) to evacuate the uterine exudate and increase uterine blood
flow. Either drug should be used concurrently with antibiotics.

UTERINE RUPTURE

Rupture of the gravid uterus is rare in cats and dogs but has been reported. Uterine rupture
may occur as a consequence of parturition or result from blunt abdominal trauma. Feti
expelled into the abdominal cavity may be resorbed but more commonly cause the devel-
opment of peritonitis. If fetal circulation is not disrupted, the fetus actually may live to
term. Uterine rupture is an acute surgical emergency. An ovariohysterectomy with removal
of the extrauterine puppies and membranes is recommended. If only one horn of the
uterus is affected, a unilateral ovariohysterectomy can be performed to salvage the remain-
ing unaffected puppies and preserve the breeding potential for the valuable bitch. If uter-
ine rupture occurs because of pyometra, peritonitis is likely, and copious peritoneal lavage
should be performed at the time of surgery. The patient should be placed on 7 to 14 days
of antibiotic therapy (amoxicillin or amoxicillin and clavulanic acid [Clavamox] with
enrofloxacin).

VAGINAL PROLAPSE

Vaginal prolapse occurs from excessive proliferation and hyperplasia of vaginal tissue while
under the influence of estrogen during proestrus (Figure 1-42). The hyperplastic tissue
usually recedes during diestrus but reappears with subsequent heat cycles. Vaginal prolapse
can be confused with vaginal neoplasia. The former condition occurs primarily in younger
animals, whereas the latter condition occurs primarily in older animals. Treatment for vagi-
nal hyperplasia or prolapse generally is not required if the tissue remains within the vagina.
The proliferation can lead to dysuria or anuria, however. In some cases, the tissue becomes
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Figure 1-42: Vaginal prolapse in a bitch.

dried out and devitalized or becomes traumatized by the animal. Such extreme cases
warrant immediate surgical intervention. The treatment for vaginal prolapse consists of
ovariohysterectomy to remove the influence of estrogen, placement of an indwelling
urinary catheter if the patient is dysuric, and protection of the hyperplastic tissue until it
recedes on its own. Although surgical resection of the hyperplastic tissue has been recom-
mended, excessive hemorrhage after removal can occur, and so the procedure should not
be attempted. The patient should wear an Elizabethan collar at all times to prevent self-
mutilation. Administer broad-spectrum antibiotics for a minimum of 7 to 14 days or until
the hyperplastic tissue recedes. Keep the tissue clean with saline solution.

EMERGENCIES OF PREGNANCY AND PARTURITION
Dystocia
Dystocia, or difficult birth, can occur in the dog and cat but is more common in the dog.
A diagnosis of dystocia is made based on the time of onset of visible labor and the time in
which the last puppy or no puppy has been born, the intensity and timing of contractions,
the timing of when the amniotic membranes first appear, the condition of the bitch, and
the timing of gestation. Causes of dystocia can be maternal or fetal and include primary or
secondary uterine inertia, narrowing of the pelvic canal, hypocalcemia, psychological
disturbances, or uterine torsion. Maternal-fetal disproportion, or large fetus size in relation
to the bitch or queen, also can result in dystocia (Box 1-40).

Obtain an abdominal radiograph for all cases of suspected dystocia at the time of pres-
entation to determine the size of the fetus, presentation of the fetus (Both anterior or
posterior presentation can be normal in the bitch or queen, but fetal malpositioning can
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BOX 1-40 DIAGNOSTIC CRITERIA FOR DYSTOCIA

Fetus lodged in birth canal

Presence of vaginal stricture or band of tissue preventing normal delivery

Prolonged gestation (>70 days)

Drop in rectal temperature (<100° F) with no evidence of labor

Green vaginal discharge and no evidence of delivery of fetus

No puppies delivered after 2 to 3 hours of a visible amniotic sac

Strong contractions with no puppy or kitten delivered after 30 minutes

Weak, infrequent contractions with no puppy delivered in 4 hours from onset of labor

More than 2 hours have passed with no evidence of further contraction or delivery of a puppy
Signs of systemic illness or pain: depression, weakness, sepsis

cause dystocia), and whether there is radiographic evidence of a uterine rupture or torsion.
If maternal-fetal disproportion, uterine torsion, or uterine rupture is observed, take the
patient immediately to surgery. If the puppies or kittens are in a normal position for birth,
medical management can be attempted.

Clip the perineum and aseptically scrub it. Wearing sterile gloves, insert a lubricated
finger into the vagina and palpate the cervix. Massage (or “feather”) the dorsal wall of the
vagina to stimulate contractions. Place an intravenous catheter, and administer oxytocin
(2 to 20 units IM), repeating up to 3 times at 30-minute intervals. In some cases, hypo-
glycemia or hypocalcemia can contribute to uterine inertia. Administration of a calcium-
containing solution (lactated Ringer’s solution) with 2.5% dextrose is advised. Alternately,
administer 10% calcium gluconate (100 mg/5 kg IV slowly). If labor has not progressed
after 1 hour, immediately perform a cesarean section.

Uterine torsion

Uterine torsion is an uncommon emergency seen in the gravid and nongravid uterus and
has been reported in dogs and cats. The onset of clinical signs of abdominal pain and
straining as if to whelp/queen or defecate is usually acute and constitutes a surgical emer-
gency. In some cases, there may have been a history of delivery of a live or dead fetus.
Vaginal discharge may or may not be present. Radiographs or ultrasound examination
reveal a fluid-filled or air-filled tubular density in the ventral abdomen. Treatment consists
of placing an intravenous catheter, stabilizing the patient’s cardiovascular status with intra-
venous fluids and sometimes blood products, and performing an immediate ovariohys-
terectomy. If there are viable feti, the uterus should be delivered en mass and the puppies
or kittens delivered.

Spontaneous abortion

The expulsion of one or more fetus before term is known as spontaneous abortion. In dogs
and cats, it is possible to expel or abort one or more fetuses and still carry viable fetuses to
term and deliver normally. Clinical signs of spontaneous abortion include vaginal
discharge and abdominal contractions. In some cases, the fetus is found, or there may be
evidence of fetal membranes or remnants. Causes of spontaneous abortion in dogs include
Brucella canis, herpesvirus, coronavirus, and toxoplasmosis. In cats, herpesvirus, corona-
virus, and feline leukemia virus can cause spontaneous abortion. In both species, trauma,
hormonal factors, environmental pathogens, drugs, and fetal factors also can result in
spontaneous abortion.

Pregnancy termination in the bitch and queen

The safest method of pregnancy termination in the bitch or queen is by performing an
ovariohysterectomy. Oral diethylstilbesterol is not an effective mechanism of pregnancy
termination in the bitch. A so-called mismating shot, an injection of estradiol cypionate
(0.02 mg/lb IM) is effective at causing termination of an early pregnancy but can be
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associated with severe side effects, including bone marrow suppression and pyometra.
Estradiol cypionate is not approved for use in the bitch or queen and is not recommended.

Prostaglandin F,, is a natural abortifacient in the bitch if treatment is started within 5
days of cytologic evidence of diestrus (noncornified epithelium on a vaginal smear). The
prostaglandin F,, causes lysis of the corpora lutea and a rapid decline in progesterone
concentration. The prostaglandin F,,, is administered for a total of eight injections (250
ug/kg q12h for 4 days), along with atropine (100 to 500 ug/kg SQ). Side effects can occur
within 5 to 40 minutes of injection and include restlessness, panting, salivation, abdominal
pain, urination, vomiting, and diarrhea. Walking the patient for 20 to 30 minutes after each
treatment sometimes decreases the intensity of the reactions.

Bitches in the first half of the pregnancy often resorb the embryos. If prostaglandin F,,
is administered in the second half of the pregnancy, the fetuses are aborted within 5 to 7
days of treatment. Measure serum progesterone concentrations at the end of treatment to
ensure complete lysis of the corpus luteum. Prostaglandin F,, is not approved for preg-
nancy termination in the bitch.

In cats, prostaglandin F,,, can terminate pregnancy after day 4 of gestation. Prostaglandin
F,q should be used only in healthy queens (100 to 250 ng/kg SQ q24h for 2 days). Side effects
in the queen are similar to those observed in the bitch but typically have a shorter duration
(2 to 20 minutes). Prostaglandin F,, is not approved for use in cats in the United States.
The use of prostaglandin F,, does not preclude breeding and pregnancy at a later date.
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EMERGENCIES OF THE MALE GENITALIA AND REPRODUCTIVE TRACT

Figure 1-43 illustrates conditions of the male genitalia and reproductive tract that require
emergent care.

ScROTAL TRAUMA

In the dog and cat the majority of injuries to the scrotum are associated with animal fights
or shearing and abrasive injuries sustained in accidents involving automobiles. Scrotal
injuries should be categorized as superficial or penetrating.

Treatment of superficial injuries to the scrotum includes cleaning the wound with
dilute antimicrobial cleanser and drying it. Administer antiinflammatory doses of steroids
(prednisolone, 0.5 to 1.0 mg/kg PO q12-24h) or NSAIDs (carprofen, 2.2 mg/kg PO q12h
in dogs) for the first several days after scrotal injury to prevent or treat edema. Administer
topical antibiotic ointment until the wound heals. In most cases, place an Elizabethan
collar to prevent self-mutilation. Prognosis is generally favorable; however, semen quality
may be affected for months after injury because of scrotal swelling and increased scrotal
temperature.

Penetrating injuries to the scrotum are more serious and are associated with severe
swelling and infection. Surgically explore and debride penetrating scrotal wounds. Administer
systemically effective antibiotics and analgesics. In extreme cases, particularly those that
involve the testicle, consider castration and scrotal ablation.




142 1 EMERGENCY CARE

Signs of systemic
disease present?

\ 4 A4
Yes No
\ \4 \4
Nonlocalized signs Hematuria/ Scrotal Testicular
Fever Dysuria/ enlargement? enlargement
Abdominal pain Hemospermia
Abnormal gait
A \4 A4
Penile Scrotal trauma Testicular
abnormality Scrotal dermatitis trauma
evident? Scrotal hernia
Y
Acute prostatitis
Testicular torsion v v
Infectious orchitis/
epididymitis Yes No
\4 Y
Os penis fracture Acute
Penile laceration prostatitis
Paraphimosis

Figure 1-43: Emergencies of the male genitalia and reproductive tract.

AcuTe ScROTAL DERMATITIS

Scrotal dermatitis is common in intact male dogs and can be associated with direct physi-
cal injury, self-infliction from licking, chemical irritation, burns, or contact dermatitis. In
affected animals, the scrotum can become extremely inflamed, swollen, and painful. If left
untreated, pyogranulomatous dermatitis can develop.

Make an attempt to determine whether an underlying systemic illness is present that
could predispose the animal to scrotal dermatitis. Widespread vasculitis with scrotal
edema, pain, fever, and dermatitis has been associated with Rickettsia rickettsii (Rocky
Mountain spotted fever) infection. Brucella canis also has been associated with scrotal irri-
tation and dermatitis. If scrotal dermatitis follows from an infectious cause, empiric use of
glucocorticosteroids potentially can make the condition worse by suppressing immune
function. Empiric treatment with antibiotics also potentially can confound making an
accurate diagnosis.

Treatment of scrotal dermatitis is to eliminate predisposing causes, if possible. Place an
Elizabethan collar at all times to prevent self-mutilation. Bathe the scrotum with a mild
antimicrobial soap and dry it to remove any offending chemical irritants. Topical medica-
tions including tar shampoo, tetracaine, neomycin, and petroleum can cause further irri-
tation and are contraindicated. Use oral or parenteral administration of glucocorticosteroids
or NSAIDs to control discomfort and inflammation.

ScroTAL HERNIA

Scrotal hernias occur when the contents of the abdomen (intestines, fat, mesentery, omen-
tum) protrude through the inguinal ring into the scrotal sac. Like inguinal hernias, scrotal
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hernias are surgical emergencies only if intestinal incarceration or vascular obstruction
occurs. Differential diagnoses for scrotal hernias include epididymitis, orchitis, testicular
torsion, and testicular neoplasia.

Definitive therapy for a scrotal hernia involves exploratory laparotomy and surgical
reduction of the contents of the hernia, surgical correction of the rent in the inguinal ring,
and castration.

TESTICULAR TRAUMA

Trauma to the epididymis or testicle can cause testicular pain and swelling of one or both
testes. Treat penetrating trauma to the testicle by castration to prevent infection and self-
mutilation. Administer oral antibiotics (amoxicillin or amoxicillin-clavulanate) for 7 to 10
days after the injury. Nonpenetrating injuries to the scrotum and testicle rarely may cause
acute testicular hemorrhage or hydrocele formation. Palpation of the affected area often
reveals a peritesticular, soft, compliant area. Treatment consists of cool compresses on the
scrotum and testicle and administration of antiinflammatory doses of glucocorticosteroids
or NSAIDs. If the swelling does not resolve spontaneously in 5 to 7 days, consider surgical
exploration and drainage. Increased scrotal temperature and testicular inflammation can
affect semen quality for months after the initial incident.

TESTICULAR TORSION

Testicular torsion, or torsion of the spermatic cord, causes rotation of the testicle, ulti-
mately causing obstruction to venous drainage. Testicular torsion often is associated with
a neoplastic mass of a retained testicle within the abdomen but also can be observed with
nonneoplastic testes located within the scrotum. The predominant clinical signs are pain,
stiff stilted gait, and the presence of an abnormally swollen testicle (if located within the
scrotum). If an intraabdominal testicular torsion is present, pain, lethargy, anorexia, and
vomiting can occur (see Acute Condition in the Abdomen). An intraabdominal mass may
be palpable. Perform an abdominal or testicular ultrasound, preferably with color flow
Doppler to evaluate perfusion to the testicle. Treatment involves surgical removal of the
involved testes.

INFECTIOUS ORCHITIS AND EPIDIDYMITIS

Bacterial infections of the testicle or epididymis most commonly are caused by ascending
infections of the normal bacterial flora of the prepuce or urethra. Common inhabitants
include Escherichia coli, Staphylococcus aureus, Streptococcus spp., and Mycobacterium canis.
Brucella canis and R. rickettsii are also capable of causing orchitis and epididymitis in the
dog. Clinical signs of orchitis or epididymitis include testicular enlargement, stiff stilted
gait, and reluctance to walk. Physical examination often reveals a fever and self-induced
trauma to the scrotum from licking or chewing at the inflamed area. Collect a semen
sample by ejaculation, and culture it to identify the causative organism. Alternately, collect
samples by needle aspiration of the affected organ(s) and test serologically for B. canis.

Treatment of infectious orchitis involves a minimum of 3 to 4 weeks of specific anti-
microbial therapy, based on culture and susceptibility testing, whenever possible. If a bacter-
ial culture cannot be obtained, initiate fluoroquinolone therapy (enrofloxacin, 10 mg/kg
PO q24h). Doxycycline (5 mg/kg PO bid for 7 days) has been shown to suppress but not
eradicate B. canis infection. Testicular inflammation and increased temperature can affect
sperm quality for months after infection.

Acute PROSTATITIS

The most common causes of acute prostatitis are associated with acute bacterial infection
(E. coli, Proteus spp., Pseudomonas spp., and Mycoplasma spp.). Less common causes
include fungal infection (Blastomyces dermatitidis) or anaerobic bacterial infection.

Acute prostatitis is characterized by fever, caudal abdominal pain, lethargy, anorexia,
blood in the ejaculate, hematuria, dyschezia, and occasionally stranguria or dysuria. The
patient often appears painful and depressed and may be dehydrated on physical examination.
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Symmetric or asymmetric prostatomegaly and prostate pain may be evident on rectal
palpation. In severely affected dogs, clinical signs of tachycardia, hyperemic or injected
mucous membranes, bounding pulses, lethargy, dehydration, and fever may be present
because of sepsis. Death can occur within 2 days if a prostatic abscess ruptures.

Diagnosis of acute prostatitis is confirmed based on the presenting clinical signs,
neutrophilic leukocytosis (with or without a left shift), and positive urine culture results.
Prostatic samples may be obtained from the prostatic portion of the ejaculate, prostatic
massage, urethral discharge, urine, or (less commonly) prostatic aspirate. Although semen
samples can yield positive bacterial cultures, dogs with acute prostatitis are often unwilling
to ejaculate. Radiography may reveal an enlarged prostate, but this alone does not confirm
the diagnosis of prostatitis. An abdominal ultrasound often reveals prostatic abscessation
and allows for the collection of samples from the affected area(s) via prostatic aspirate.
Aspiration of the affected tissue potentially can wick infection into periprostatic tracks.
Cytologic examination of the patient’s ejaculate or prostatic wash from a dog with acute
prostatitis reveals numerous inflammatory cells and may contain bacterial organisms.

The treatment of a patient with acute prostatitis is directed at correcting dysuria and
constipation associated with prostatic enlargement. Enrofloxaxin (10 mg/kg PO sid) can pene-
trate the inflamed prostatic tissue and is effective in treating gram-negative and Mycoplasma
spp. infections. Ciprofloxacin does not appear to penetrate prostatic tissue as readily.
Alternatives to enrofloxacin therapy are trimethoprim-sulfamethoxazole (30 mg/kg PO q12h)
or chloramphenicol (25-50 mg/kg PO q8h) for a minimum of 2 to 3 weeks. Castration is
recommended because benign prostatic hyperplasia may be a predisposing factor in the devel-
opment of acute prostatitis. Do not perform castration until the patient has been on antibiotic
therapy for a minimum of 7 days, to prevent the surgical complication of schirrous cords.
Finasteride (Proscar, 1 mg/kg PO q24h), an antiandrogen 5