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DEDICATION

To my residents in emergency and critical care medicine I offer this contribu-
tion to your education. Let your questions never end. Let your curiosity to find
new answers propel you to eliminate anecdotal “facts” from the practice of medi-
cine. Seek the truth and you will find it—and don’t forget to publish your results!
To the nurses I have had the pleasure of working with—Maura, Leslie, Patti,
Sandy, Cheryl, Suzanne, Scott, Rene, Coy, Christine, Martin, Stephanie, Ellen,
Brenda, Beth, Jeaninine, Heather B., Kimberly P., June, Sue, Terri, Melba, Vicki,
Lee Ann, and Sooz—thank you for your knowledge and wonderful patient skills.

To my wife, Sooz, thanks for being here and for teaching me patience. To
our dogs, Sage (a medical nightmare) and Loretta (a happy Sheltie) thanks for
your companionship. In the mountains of Colorado there will always be wonder-
ful memories of days past and years to come.

WEW



PREFACE TO THE SECOND EDITION

In this second edition of Veterinary Emergency Medicine Secrets we have updated the chap-
ters from the first edition and added some new chapters based on new interests and involvement
of emergency veterinarians. This question-and-answer format continues to be a useful means of
offering information about veterinary emergency medicine. The stimuli for new questions and
answers have come from readers of the first edition, students in the arena of emergency and criti-
cal care medicine, veterinary nurses and technicians, and chapter authors. We all encounter new
and exciting experiences each and every day of our professional lives. Too often we need that
quick answer to one of these new experiences. Undoubtedly this process will continue as our spe-
cialty matures and expands. We are in the most exciting specialty of veterinary medicine. Where
else could we be afforded the opportunity to practice emergency medicine, internal medicine,
surgery, anesthesia, neurology, cardiology, and other specialties? The beauty of our specialty is
the advantage of seeing a response to treatment in a short time. These are exciting times—live
them, learn from them, and publish your results!

Special thanks are extended to Mr. Bill Lamsback of Hanley and Belfus. He continues to
produce exciting products for the veterinary and human medical professions. Without our dedi-
cated, experienced, and productive authors, Veterinary Emergency Medicine Secrets would not
be available. Thank you to all authors for the time and expertise dedicated to this endeavor.
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1. Life-threatening Emergencies
Section Editor: Wayne E. Wingfield, M.S., D.V.M.

1. DECISION MAKING IN VETERINARY
EMERGENCY MEDICINE

Wayne E. Wingfield, M.S., DV.M.

1. Why is emergency medicine so important in veterinary medicine?
Emergencies constitute up to 60% of hospital admissions in veterinary medicine.

2. How does the approach to an emergency patient differ from conventional hospital ad-
mission?

A comprehensive medical history and physical examination, routine laboratory diagnostic
studies, specialized diagnostic techniques, and formulation of lists of written rule-outs often take
too long. Typically, the veterinarian is faced with minimal history and a cursory physical examina-
tion that hones in on obvious injuries or illnesses and institutes therapy as the animal is examined.

3. What is an emergency?

An emergency is any illness or injury perceived by the person presenting the animal to the
veterinarian as requiring immediate attention. Not every “emergency” is life-threatening; thus,
the most important question is, “What is the threat to the animal’s life?”” In an emergency, con-
ventional approaches to diagnosis and treatment do not ensure an expeditious answer to this
question. Significant time constraints may impede the use of conventional methods.

4. How is the life-threatened animal identified?
Three components are necessary to recognize quickly the life-threatened animal:
1. Primary complaint
2. Complete and accurate set of vital signs
3. Opportunity to visualize, auscultate, and touch the animal.

5. Why is the primary complaint so important?
The primary complaint helps the veterinarian to categorize the general type of problem (e.g.,
respiratory, cardiovascular, traumatic, urinary).

6. Why are vital signs so important in the initial management of an emergency?
Vital signs represent the first objective data available to the veterinarian. Along with the pri-
mary complaint, they are used to triage the vast majority of life-threatened patients.

7. What vital signs are most important in the emergency patient?
* Respiratory rate and character
* Heart rate and rhythm
* Pulse rate, thythm, and character
* Accurate core body temperature
* Color of mucous membranes and capillary refill time
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8. What are the determinants of normal vital signs?

* Age

* Animal’s behavior

* Underlying physical condition

* Medical problems (e.g., hypertension, increased cerebrospinal fluid pressure)

* Current medications

For example, a well-conditioned, athletic, hunting breed dog brought to the hospital after
sustaining a major trauma may arrive with a pulse rate of 100 beats/min. The dog probably is in
shock and may have significant blood loss because the normal pulse is likely 40-50 beats/
minute.

9. Why do I need to visualize, auscultate, and touch the animal?

In many instances, these measures help to identify the threat to life (e.g., is it the upper
airway, lower airway, or circulation?). Touching the animal helps to identify areas of tenderness.
Touching the skin is important to determine whether shock is associated with vasoconstriction
(traumatic, hypovolemic, or cardiogenic) or vasodilatation (septic, neurogenic, or anaphylactic).
Auscultation identifies life threats associated with the lower airway (e.g., bronchoconstriction,
tension pneumothorax) or circulation {mitral valvular insufficiency, aortic stenosis).

10. Once I have identified the life threat, what do I do?

Stop! Intervene to reverse the life threat. If the problem is respiratory distress due to tension
pneumothorax, immediate thoracocentesis is required. If the problem is blood loss, volume
restoration and control of hemorrhage (when possible) are indicated.

11. Now that I have identified and reversed the life threat, what next?

The veterinarian must develop a list of rule-outs, beginning with the most serious condition
and working downward. An example is a young dog with a seriously swollen head and respira-
tory distress. Instead of assuming that the condition is due to trauma, the veterinarian also must
consider cellulitis, anaphylaxis, or rattlesnake envenomation. If respiratory distress has been alle-
viated, you have time to consider the other possibilities and take appropriate action.

12. Why do rule-outs sometimes lead to problems?

The tendency is to think of the most common or statistically most probable explanation of
the animal’s condition. This approach provides the correct solution in most cases, but you may
overlook the most serious, albeit usually least common, problem. The practice of veterinary
emergency medicine often requires you to react rather than contemplate the answer. Consider the
most serious condition possible and, through a logical process of elimination, rule it out. Thus
you will arrive at the correct and generally more common diagnosis.

13. Is diagnosis a requirement during an emergency?

Of course not. Sometimes it takes hours, days, weeks, or even months to make the final di-
agnosis. It is unreasonable to expect that every emergency patient should have a diagnosis. The
veterinarian’s role in an emergency is to rule out serious or life-threatening causes for the
animal’s immediate condition. If you are an obsessive-compulsive personality with a need for
absolute certainty before you act to stabilize an animal, you will find emergencies an unhealthy
area of work.

14. Describe the traditional approach vs. the algorithmic approach to emergency patients.

The traditional approach to an emergency is first to determine the diagnosis, then to provide
treatment, and then to monitor the patient (Fig. 1). This highly inefficient system often overlooks
life-threatening emergencies. A more efficient system is to use defined algorithms in which the
veterinarian takes a triage approach, initiates treatment, and monitors the patient as problems are
identified (Fig. 2).
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Diagnosis Treatment Monitoring

Figure 1. The traditional approach to an emergency involves diagnosis, followed by treatment and moni-
toring. This inefficient system is likely to result in delayed treatment of life-threatening emergencies

Treatment

...............

Figure 2. The algorithmic approach to an emergency involves a systems triage for diagnosis, treatment, and
monitoring. As a problem is identified, it is treated, and monitoring is begun,

15. How do I decide whether to hospitalize the animal?
Tough question. Obviously several factors are important in making this decision:
* The medical/surgical condition is the first factor to consider. One crucial question must be
answered: “Is there a need that can be fulfilled only by hospitalization?” For example, is
oxygen, special monitoring, intensive fluid therapy, or intravenous medication required?
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* Will the animal receive proper observation and treatment if discharged to the owner? Does
the animal even have an owner?

* Unfortunately, economics must be factored into the decision. If the animal’s owner cannot
afford hospitalization, the veterinarian is faced with two important decisions: (1) Is there
any way the animal can be treated at home without endangering survival? (2) Is the condi-
tion so severe that euthanasia is a viable option?

16. What criteria may be used for treatment of animals admitted without the owner?

» Is there any way to identify the animal’s owner? Check for microchips by scanning, look
for a tattoo inside the groin or pinna, check for tags on the animal’s collar, ask the person
admitting the animal if he or she has seen the animal before, and ask the hospital staff if
they recognize the animal.

* Can the animal be made comfortable enough to be held for at least a part of the holding
period required by local ordinances?

¢ [s the animal adoptable? Have you met a veterinarian, veterinary technician, or student who
has not adopted an ill or injured animal? I doubt it.

Remember, if the animal enters your front door, you are committed to provide at least first

aid care, no matter what the resources of the person admitting the animal.

17. When is euthanasia for humane reasons indicated?

First, you need to know local ordinances. If the animal cannot be made comfortable, it prob-
ably should be euthanized. Make complete notes in the medical record, and focus on terms such
as pain, suffering, imminent demise, coma, severe respiratory distress, irreversible shock, uncon-
trollable hemorrhage, irreversible neurologic injuries, and unlikelihood of returning the animal to
a “useful purpose.”

18. Any last thoughts about decision-making in emergencies?

Often the good samaritan who brings the animal to you in an emergency will go to great
lengths to sway your judgment. He or she may even offer to pay (but rarely does so!). Consult
with colleagues and professional staff, and, ultimately, do what you think is best for the animal.
By all means, keep good records.

2. CARDIOPULMONARY ARREST AND
RESUSCITATION IN SMALL ANIMALS

Wayne E. Wingfield, M.S., D.V.M.

1. Define cardiopulmonary arrest and list the three phases of resuscitation.
Cardiopulmonary arrest is defined as the abrupt, unexpected cessation of spontaneous and
effective ventilation and systemic perfusion (circulation). Cardiopulmonary resuscitation (CPR})
provides artificial ventilation and circulation until advanced life support can be provided and
spontaneous circulation and ventilation can be restored. CPR is divided into three support stages:
« Basic life support
* Advanced life support
* Prolonged life support

2. Which animals are at risk for cardiopulmonary arrest? What are the predisposing factors?
Cardiopulmonary arrest usually results from cardiac dysrhythmia. It may be due to primary car-
diac disease or diseases that affect other organs. In most animals, arrest is associated with diseases of
the respiratory system (pneumonia, laryngeal paralysis, neoplasia, thoracic effusions, and aspira-
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tion pneumonitis) as a result of severe multisystem disease, trauma, and cardiac dysrhythmias. In
our hospital, pulmonary diseases result in the highest number of arrests in dogs. In cats, trauma is
the most common reason for arrest.

Predisposing factors include the following: (1) cellular hypoxia, (2) vagal stimulation, (3)
acid-base and electrolyte abnormalities, (4) anesthetic agents, (5) trauma, and (6) systemic and
metabolic diseases.

3. What are the warning signs of cardiopulmonary arrest?
* Changes in respiratory rate, depth, or pattern
» Weak or irregular pulse
* Bradycardia
* Hypotension
* Unexplained changes in the depth of anesthesia
* Cyanosis
* Hypothermia (over 80% of cats and 34% of dogs are hypothermic at the time of arrest)

4. How is cardiopulmonary arrest diagnosed?

The classical description of arrest includes the following: (1) absence of ventilation and
cyanosis (respiratory arrest); (2) absence of a palpable pulse (pulse disappears with systolic pres-
sure < 60 mmHg); (3) absence of heart sounds (heart sounds disappear with systolic pressure <
50 mmHg); and (4) dilatation of the pupils.

5. What is involved with each of the phases of cardiopulmonary resuscitation?
Basic life support
A = Establishment of an Airway
B = Breathing support
C = Circulation support
Advanced life support
D = Diagnosis and drugs
E = Electrocardiography
F = Fibrillation control
Prolonged life support
G = Gauging the patient’s response
H = Hopeful measures for the brain
I = Intensive care
To optimize CPR, one should assess before initiating basic, advanced, and prolonged life
support. For example, assessment — airway support, assessment — breathing support, assess-
ment — circulation support, assessment, and so on through each phase.

6. Should I keep accurate records for each animal with cardiopulmonary arrest?
Yes. Although you are not likely to record every action during the arrest, it is important to record
basic information.

BASIC LIFE SUPPORT

7. How important is basic life support?

Basic life support is the most important phase of cardiopulmonary resuscitation. It requires
practice by the entire staff. It is easy to develop simulated arrests using stuffed toy animals on
which you can practice the ABCs of CPR. Through such practice sessions the staff can be trained
to respond rapidly to this serious emergency.

8. How do we establish an airway?
The first step is to assess and establish the unresponsiveness of the airway. Quickly check the
airway for foreign materials (bones, blood clots, fractured mandible, vomitus). Position the
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animal in ventral recumbency in preparation for intubation with an endotracheal tube. Place the
endotracheal tube accurately by utilizing a laryngoscope.

9. How do we breathe for the animal?

First, ensure that the animal is apneic and requires assisted ventilation. Once you have seen
that there is no movement to the chest wall, begin to ventilate the animal with two long breaths
(1.5-2.0 seconds each). If the animal does not begin to breathe within 5-7 seconds, begin to ven-
tilate at a rate of 12-20 times/minute.

Use of acupuncture to stimulate respirations has been reported. Placing a needle in acupunc-
ture point Jen Chung (GV26) may reverse respiratory arrest under clinical conditions. The tech-
nique involves using a small (22-28 gauge, 1-1.5 inch) needle in the nasal philtrum at the ventral
limit of the nares. The needle is twirled strongly and moved up and down while improvement in
respiration is monitored. This simple technique can be used quickly. This technique will not work
in every case, nor will it work if a narcotic antagonist, such as naloxone, has been given before
insertion of the acupuncture needle.

10. How is circulation supported during CPR?

Assessment is necessary to determine the pulselessness of the animal before initiating exter-
nal cardiac compression. Currently there are two theories to explain the mechanism of forward
blood flow during CPR: (1) cardiac pump theory and (2) thoracic pump theory. The cardiac pump
theory is probably more important in smaller animals (< 7 kg) and the thoracic pump in larger an-
imals (> 7 kg). It is believed that the cardiac and thoracic pumps are interactive; each contributes
to the pressure gradients responsible for blood flow during CPR.

11. What is the cardiac pump theory?

The original hypothesis suggests that blood flow to the periphery during external cardiac
compression of the heart results from direct compression of the heart between the sternum and
vertebrae (dorsal recumbency) or between the right and left thoracic wall (lateral recumbency) of
the dog and cat. According to this concept, thoracic compression (artificial systole) is similar to
internal cardiac massage and results in squeezing of blood from both ventricles into the pul-
monary arteries and aorta as the pulmonary and aortic valves open. Retrograde flow of blood is
prevented by closure of the left and right atrioventricular valves. During the relaxation phase of
thoracic compression (artificial diastole), the ventricles recoil to their original shape and fill by a
suction effect, while elevated arterial pressure closes the aortic and pulmonic valves.

12. What is the thoracic pump theory?

As pressure is applied to the animal’s thorax, there is a correlation between the rise in in-
trathoracic pressure during compression and the apparent magnitude of carotid artery blood flow
and pressure. For brain blood flow to occur during resuscitation, a carotid arterial-to-jugular pres-
sure gradient must be present during chest compression. Experimental studies in large dogs have
shown that thoracic compression during CPR results in an essentially equal rise in central venous,
right atrial, pulmonary artery, aortic, esophageal, and lateral pleural space pressures with no trans-
cardiac gradient. Aortic pressure is efficiently transmitted to the carotid arteries, but retrograde
transmission of intrathoracic venous pressure into the jugular veins is prevented by valves at the
thoracic inlet and possibly by venous collapse. Thus, during artificial systole a peripheral arterial
venous pressure gradient appears, and blood flow results from this gradient. In such a system,
there is no pressure gradient across the heart; thus, the heart acts merely as a passive conduit.
Cineangiographic studies in large dogs confirm these observations by demonstrating partial right
atrioventricular valve closure, collapse of the venae cavae, and opening of the pulmonary, left atri-
oventricular, and aortic valves during thoracic compression. When thoracic compression is re-
leased (artificial diastole), intrathoracic pressures fall toward zero, and venous flow to the right
heart and lungs occurs. During artificial diastole, a modest gradient also develops between the in-
trathoracic aorta and the right atrium, providing coronary (myocardial) perfusion.
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In small dogs receiving vigorous chest compressions, intrathoracic vascular pressures are
much higher than recorded pleural pressures. The rise in vascular pressures probably results from
compression of the heart during chest compression and not from rising intrathoracic pressure.

13. What are the determinants of vital organ perfusion during CPR?

Cerebral blood flow depends on the gradient between the carotid artery and intracranial pres-
sure during systole (thoracic compression). Myocardial blood flow depends on the gradient be-
tween the aorta and right atrium during diastole (release phase of thoracic compression). During
conventional CPR, cerebral and myocardial blood flow is less than 5% of prearrest values. Below
the diaphragm, renal and hepatic blood flow during CPR is 1-5% of prearrest values.

14. What are the determinants of improved vital organ perfusion during CPR?

Force, rate, and duration of chest compression during CPR determine the effectiveness of
organ perfusion. Regardless of the mechanism of forward blood flow during CPR, increasing the
force of chest compressions increases arterial pressures. At pressures > 400 newtons (about 40
kg), bone and tissue trauma are more likely. Increasing the rate of chest compressions signifi-
cantly increases the arterial pressure.

GENERAL GUIDELINES FOR CPR IN ANIMALS

15. What is the optimal position for maximizing blood flow?

Lateral recumbency (the sternum must be kept parallel to the table top by either placing a fist
under the chest wall or using a sand bag to hold the sternum off the table top) is used for animals
< 7 kg and, ideally, dorsal recumbency for animals > 7 kg. It is extremely difficult to maintain a
dog in dorsal recumbency without special V-shaped troughs or other techniques. However, dorsal
recumbency provides maximal changes in intrathoracic pressure and thus forward blood flow.
When no peripheral pulse is felt during CPR, consider changing the animal’s position and CPR
technique.

16. What is the optimal compression/relaxation ratio for administering external cardiac
compression?

Studies have shown the best ratio of cardiac compression to ventilation is 1:1 (simultaneous
compression-ventilation) in animals. You breathe for the animal each time you compress the tho-
racic wall.

17. At what rate should you compress and ventilate when two persons are available to do
CPR?

In animals weighing < 7 kg, the recommended rate of ventilation and compression is 120
times/minute. In animals weighing > 7 kg, the rate of compression and ventilation is 80-100
times/minute.

18. What is interposed abdominal compression?

To improve venous return and to decrease arterial run-off during external thoracic compres-
sion, have one person press on the cranial abdomen between each compression of the chest. In
humans, this technique improves hospital discharge rates as much as 33%. No comparable stud-
ies are yet available in animals.

19. What if only one person is available to do CPR?

One-person CPR in animals is highly ineffective. The ratio of ventilation to chest compres-
sion is 15:2. Give 15 chest compressions and then 2 long ventilations. Use a rate of 120 chest
compressions/minute when the animal weighs < 7 kg and 80100 times/minute when the animal
weighs > 7 kg.
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A recent report in experimentally induced CPR in swine has shown an excellent resusci-
tation rate through providing only cardiac compression. In fact, the researchers were unable
to detect a difference in hemodynamics, 48-hour survival, or neurologic outcome when CPR
was applied with or without ventilatory support. With this in mind, if inadequate numbers of
professional staff are available, apply only cardiac compression if cardiopulmonary arrest is
present.

20. When should I open the chest and do CPR?

Chest compressions raise the venous (right atrial) pressure peaks almost as high as arterial
pressure peaks and increase intracranial pressure, thus causing low cerebral and myocardial per-
fusion pressures. Open-chest CPR does not raise atrial pressures and provides better cerebral and
coronary perfusion pressures and flows than external CPR in animals. When applied promptly in
operating room arrests, open-chest CPR, which was introduced in the 1880s, yields good clinical
results in people. The switch from external to open-chest CPR has not yet improved outcome in
humans, probably because its initiation is too late. No comparable studies are available for clini-
cal open-chest CPR in animals. Currently, open-chest CPR should be restricted to the operating
room and in selected instances of penetrating thoracic injury.

21. How can I monitor the effectiveness of external thoracic compressions?

Traditionally, the presence of a pulse during thoracic compression has been the hallmark of
effective compression. More recently, monitoring of peripheral pulses with quantitative Doppler
techniques has shown that the pulse generated during compression is in fact from venous and not
arterial flow. In veterinary medicine, monitoring the pulse is the most common technique of mon-
itoring effectiveness.

Pulse oximetry provides information about hemoglobin saturation. During CPR you should
see an improvement in oximetry values and mucous membrane color. End-tidal carbon dioxide
(CO,) monitoring has proved to be the most effective means of measuring the effectiveness of
CPR. This device fits in-line with the endotracheal tube and measures CO, levels. With effective
CPR you should see an increased end-tidal CO,.

22. What can I do if there is no pulse or change in oximetry or end-tidal CO,?
Consider changing the position of the animal and the force or rate of thoracic compres-
sion.

23. How can I train my staff in CPR?

Periodic training sessions in basic life support should be conducted in every veterinary prac-
tice. This is not a time-consuming activity, and the benefits are tremendous when the staff can re-
spond quickly and efficiently. An effective means to provide training is to develop an inexpensive
CPR animal. Such teaching aids were developed by taking old corrugated anesthetic tubing (tra-
chea), an anesthetic Y-piece (tracheal bifurcation), two anesthetic rebreathing bags (lungs), and
implanting them in the chest of a stuffed animal. These devices can be used to practice CPR tech-
niques with your staff. One can place foreign materials in the mouth, practice Jen Chung maneu-
vers, palpate for pulses, see the thorax expand with each breath, and feel the expanding lungs as
you apply chest compression. Practice sessions can be called at any time to simulate a sudden,
unexpected arrest.

ADVANCED LIFE SUPPORT

24. Which drugs should I have available in the “crash cart”?

Drugs considered necessary for cardiopulmonary arrest are (1) epinephrine, (2) atropine, (3)
magnesium chloride, (4) naloxone, (5) lidocaine, (6) sodium bicarbonate, (7) methoxamine, and
(8) bretylium tosylate.
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25. What other drugs should I have available?

Drugs that are important in the postresuscitation phase of CPR include (1) dobutamine, (2)
mannitol, (3) furosemide, (4) lidocaine, (5) verapamil, (6) sodium bicarbonate, (7) dopamine,
and (8) intravenous fluids.

26. What are the indications for emergency drug use during CPR?
1. To initiate electrical activity
2. To increase heart rate
3. To improve myocardial oxygenation
4, To control life-threatening dysrhythmias

27. What is the best route for administration of drugs during CPR?

Each of the four commonly used routes for drug administration during CPR has its advan-
tages and disadvantages.

1. Intravenous (IV). The preferred route for drug administration during CPR is the IV
route. With central venous catheters, drugs can be rapidly delivered to their site of action via the
coronary arteries. In giving IV drugs during CPR, it is important to follow each drug with a
bolus of saline or water for injection to encourage the transport of the drug toward the heart be-
cause cardiopulmonary arrest usually results in hypotension, vasoconstriction, and hypov-
olemia. At present no conclusive data support the use of a central venous rather than a peripheral
VEenous route.

2. Intratracheal (IT). The IT route has the advantages of accessibility, close proximity to
the left side of the heart via the pulmonary veins, and a large surface area for drug absorption.
The disadvantages are the increased dosage required for many drugs (often 10 times the dosage
given V), decreased efficacy in the presence of pulmonary disease, and the fact that some drugs
cannot be given IT (i.e., sodium bicarbonate).

3. Intraosseous (I0) or intramedullary. The bone marrow cavity provides extensive
venous access to the cardiovascular system. Drugs normally given via the IV route may be given
via the bone marrow cavity, The bone marrow cavity is most commonly accessed either through
the trochanteric fossa of the femur or the distal cranial femur during CPR.

4. Intracardiac (IC). Drugs can be delivered directly to the heart via the intracardiac route.
The difficulty of using the IC route comes with the inability of personnel to inject drugs into the
heart. Without the apex beat normally present, many find this technique to be most difficult in an-
imals. In addition there are problems with the delivery of drugs into the myocardium instead of
the ventricular chambers. Delivery into the myocardium may result in dysrhythmias and lacera-
tion of coronary arteries, and requires discontinuance of basic life support while IC injections are
attempted.

28. What are the common cardiac rhythms of cardiopulmonary arrest?

The only way to distinguish the various dysrhythmias of arrest is an electrocardiogram.

1. Ventricular asystole is characterized by absence of both mechanical and electrical activ-
ity on the electrocardiogram (see figure below).
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Treatment: epinephrine, atropine.
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2. Pulseless electrical activity (PEA) (formerly referred to as electromechanical dissocia-
tion [EMD]) is characterized by electrical activity without sufficient mechanical activity to cause
adequate cardiac output or pulses (see figure below). The failure of contractility is probably due
to depletion of myocardial oxygen stores and may be perpetuated by endogenous endorphins.

Treatment: naloxone, epinephrine, megadosage atropine (intratracheal dosage given IV).

3. Ventricular fibrillation is characterized by chaotic, disorganized, ectopic ventricular ac-
tivity resulting in sustained ventricular systole (see figure below). Because the coronary arteries
perfuse the myocardium during diastole, no perfusion takes place as long as the animal has ven-

tricular fibrillation.
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Treatment: Electrical DC countershock is the treatment of choice for ventricular fibrilla-
tion. If ventricular fibrillation 1s the first rhythm encountered, sequential attempts at electrical de-
fibrillation should be performed. If ventricular fibrillation is not the first rhythm encountered or if
countershock results in persistent ventricular fibrillation or another nonperfusing spontaneous
cardiac rhythm, endotracheal intubation should be performed, chest compressions initiated, and
an IV line established in preparation for subsequent management of the observed rhythm.

The cardiac response to countershock is largely time-dependent. If countershock can be per-
formed within 3 minutes of the onset of ventricular fibrillation, 70-80% of patients convert to a
rhythm associated with adequate perfusion (human data). After 5 minutes of ventricular fibrilla-
tion, countershock rarely results in a spontaneous perfusing rhythm; asystole, PEA, or persistent
ventricular fibrillation are the usual results.

If countershock fails to convert the ventricular fibrillation, epinephrine should be given (IV or
IT). The beneficial effects of epinephrine depend primarily on its o,-adrenergic effects, which in-
clude arterial vasoconstriction and selective redistribution of cardiac output. Epinephrine increases
the CPR diastolic aortic-to-right-atrial myocardial perfusion gradient (coronary perfusion pres-
sure) by increasing aortic diastolic pressure and improves the cerebral perfusion gradient by in-
creaging carotid arterial pressure. Chemical defibrillating drugs have unproven efficacy in clinical
veterinary medicine. Unfortunately, many veterinarians do not have electrical defibrillators; thus,
the chemical defibrillating drugs may be the only option. Drugs that may be tried in ventricular
fibrillation include bretylium tosylate or magnesium chloride. These drugs have been reported to
be effective in terminating ventricular fibrillation when electrical countershock has fatled.
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Curves showing estimated sources of defibrillation vs. delivered energy after 1, 5, and 9 minutes of fibrilla-
tion in dogs receiving closed-chest cardiac massage and artificial ventilation with epinephrine. (From Yakaitis
RW, Ewy GA, Otto GW, et al: Influence of time and therapy on VF in dogs. Crit Care Med 8:157, 1980; with
permission.)

29, In using an electrical defibrillator, what important points should be kept in mind?

The electrical defibrillator is the treatment of choice for ventricular fibrillation. It is also a
dangerous instrument that can cause injury to the patient and death to the veterinanan if improp-
erly used. The optimal delivered energy to the myocardium is roughly 2—4 joules/kg. In deliver-
ing this countershock to the myocardium, it is necessary to “hit” only about 28% of the
myocardial cells 10 defibrillate. Thus, paddie position is not as important as once believed. One
should make every effort to reduce transthoracic impedance during electrical defibrillation. The
following factors influence impedance:

1. Use large surface area paddles.

2. Countershocks applied close together may be most effective.

3. Use an electrode-skin interface material such as electrolyte paste or gel. Do not use alcohol.

4. Apply pressure to the electrodes.

5. Defibnllate during expiration.

Be careful! Always announce “all clear!,” and look around to be sure that nobody is in con-
tact with the animal, table, or instruments.

30. What is the difference between a cat and dog in ventricular fibrillation?

In normal cats, the heart is generally small enough that it may spontaneously convert from
ventricular fibrillation to sinus rhythm. Unfortunately, sick cats also may have enlarged hearts. In
such cases, electrical defibrillation should be attempted.

31, Which drugs should be used with caution during advanced life support?

I. Calcium enhances ventricular excitability (thus increasing myocardial oxygen require-
merts); it decreases sinus nodal impulse formation, reduces blood flow to the brain to nearly zero
during CPR, causes coronary artery vasospasm, and is an important mediator in the formation of
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arachidonic acid and oxygen-free radicals. Currently, use of calcium during CPR is not routinely
recommended except under conditions of hyperkalemia or hypocalcemia or when calcium chan-
nel blockers have been previously used. CaCl, results in the longest and most predictable in-
crease in plasma ionized calcium.

2. Isoproterenol is a pure B-agonist drug. It increases myocardial oxygen demands and re-
duces cerebral blood flow during CPR. Currently, isoproterenol is reserved for patients with at-
ropine-resistant bradycardias.

3. Sodium bicarbonate was once used routinely during CPR, but its empirical use is associ-
ated with:

* Increased serum osmolality (8.5% solution = 1500 mOsm).

« The metabolism of sodium bicarbonate results in the formation of increased PCO,
(HCO;™ + H* & H,CO; & CO, + H)0).

« With inadequate ventilation, paradoxical cerebrospinal fluid (CSF) acidosis results
(HCO;™ crosses the blood-brain barrier more slowly than CO,).

* Sodium bicarbonate shifts the oxyhemoglobin dissociation curve to the left (decreased
amounts of oxygen are released to tissues).

« Direct myocardial depression results with alkalosis (decreasing cardiac output).

* Metabolic alkalosis (pH > 7.55) predisposes to cardiac dysrhythmias that may be unre-
sponsive to antiarrthythmic therapy.

« Before giving sodium bicarbonate, be sure the animal has adequate ventilation.

* ldeally, administration of sodium bicarbonate should be based on pH and PaCO,.

Use of buffer therapy depends on the duration of arrest and CPR times. Metabolic acidemia
(base deficit) should be corrected, because proper acid-base balance improves cardiovascular re-
suscitability and cerebral recovery in dogs. After ventricular fibrillation results in no flow for 5
minutes in dogs, metabolic acidemia is mild and transient, and early empirical NaHCO; adminis-
tration is not harmful to the heart and may benefit the brain. After longer arrest or CPR times, evi-
dence in animals of improved cardiovascular and cerebral recovery supports the recommendation
to accompany epinephrine with an empirical dose of 1 mEq/kg of IV NaHCO, during CPR, to be
followed by correction of monitored base deficit > 5 mEq/kg NaHCO;. This may produce a tran-
sient CO, load that worsens the arrest-induced myocardial hypercarbia, which may depress car-
diac resuscitability. This NaHCO;-induced hypercarbia is usually mild, transient, correctable
with hyperventilation, and harmless for the heart when epinephrine is used and apparently was
not harmful to the brain.

4. Intravenous fluids are administered during CPR only when hypovolemia is the cause of
arrest. Fluid-loading during CPR decreases cerebral blood flow, increases right atrial pressures (re-
sulting in decreased coronary perfusion pressures), and therefore decreases coronary blood flow.

5. Doxapram hydrochloride is a central respiratory stimulant. Its use during CPR is not ad-
vised. Often the stimulation of the respiratory center results in transient hyperventilation fol-
lowed by apnea.

32. What is the dilution of epinephrine during CPR?
Epinephrine is no longer diluted. The concentration of 1:1000, as packaged, is used with 1V,
IT, IO, and IC routes.

PROLONGED LIFE SUPPORT

33. What are the main complications after resuscitation?
Recurrence of either respiratory or cardiopulmonary arrest is the biggest concern after resus-
citation. In most cases, arrest recurs within the first 4 hours of the first episode (see figure).
After arrest, cerebral resuscitation becomes the next most important complication. Because
of the low flow state to the brain during CPR, ischemia and hypoxia lead to cerebral edema. As
the heart begins to reperfuse tissues, significant injury products may be released to the systemic
circulation.
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34. What cerebral complications may be expected after cardiac arrest?

In normal brain, autoregulation maintains a global cerebral brain flow of about 50 ml/100
gm brain/minute despite cerebral perfusion pressures (CPP) (i.e., mean arterial pressure
minus intracranial pressure) between 50 and 150 mmHg. When CPP drops below 50 mmHg,
cerebral blood flow decreases, and the viability of normal neurons seems threatened by CPP
< 30 mmHg, global cerebral blood flow < 15 ml/100 gm/minute, or cerebral venous oxygen
partial pressures (PO,) < 20 mmHg. During complete cerebral ischemia, calcium shifts, brain
tissue lactic acidosis, and increases in the brain free acids, osmolality and extracellular con-
centration of excitatory amino acids (particularly glutamate and aspartate) set the stage for re-
oxygenation injury.

35. What is the pathophysiology of the cerebral injury after resuscitation?

Perfusion failure (i.c., inadequate oxygen delivery) seems to progress through four stages:

1. Multifocal no reflow occurs immediately and seems to be readily overcome by normoten-
sive or hypertensive reperfusion.

2. Transient global “reactive” hyperemia lasts 15-30 minutes.

3. Delayed, prolonged global and multifocal hypoperfusion occurs about 2—12 hours after
arrest; global cerebral blood flow is reduced to about 50% of baseline, whereas global oxygen
uptake returns to or above baseline levels and cerebral venous PO, decreases to < 20 mmHg, re-
flecting mismatching of oxygen delivery to oxygen uptake.

4. After 20 hours, either normal global cerebral blood flow and global oxygen uptake are re-
stored, both remain low (with coma), or secondary hyperemia develops (postulated to be associ-
ated with reduced oxygen uptake), followed by brain death.

Reoxygenation, although essential, also may provide chemical cascades (involving free
iron, free radical, calcium shifts, acidosis, excitatory amino acids, and catecholamines) that result
in lipid peroxidation of membranes.

Extracerebral derangements, including intoxication from postanoxic viscera, can worsen
cerebral outcome. Studies in dogs have shown a delayed reduction in cardiac output following
cardiac arrest despite controlled normotension. Pulmonary edema can be prevented by prolonged
controlled ventilation.

Blood derangements due to stasis include aggregates of polymorphonuclear leukocytes
and macrophages that may obstruct capillaries, release free radicals, and damage endothe-
lium.
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36. How do we manage the postresuscitation patient to reduce the adverse complications of
CPR?

Careful monitoring is most important during the first 4 hours after arrest. All patients require
oxygen administered via oxygen cage, nasal insufflation, or facemask. If CPR was successful,
one needs to support the heart during the postresuscitation phase. This support is directed to in-
otropic support (dobutamine or dopamine), possibly using vasodilator drugs (sodium nitroprus-
side), and antiarrhythmic drugs (lidocaine). These drugs help to reduce the pulmonary edema
usually seen after arrest. In addition, furosemide is usually administered to reduce pulmonary
edema. Cerebral hypoxia and ischemia result during CPR. The end result is cerebral edema.
Treatment for cerebral edema includes mannitol and usually corticosteroids. Additional drugs
that may improve cerebral resuscitation include the following:

¢ Calcium channel blockers reverse cerebral vasospasm and prevent lethal intracellular cal-
cium influx.

« Barbiturates, which are mild calcium antagonists, decrease arachidonic acid and free fatty
acid levels in neurons as well as metabolic demands of the brain. To date, no conclusive ev-
idence supports the use of barbiturates. In addition, the sedation that results makes sequen-
tial neurologic assessment impossible.

* Iron-chelating drugs and free radical scavengers. Although experimental at this point, re-
sults are promising.

37. How do you know the cerebral outcome of the patient after CPR?

One should always be concerned about irreversible cerebral injury after arrest. Daily neuro-
logic evaluations and assessment are required. Record findings each day to note the patient’s
progress. Clinical features to observe after arrest include the following:

» Reactivity of the pupils * Motor responses

« Increased responsiveness * Motor postures

* Breathing patterns

38. Are certain patients unlikely to be resuscitated?

No studies are currently available in animals, but studies in humans indicate that certain
groups of patients do not survive—patients with oliguria, metastatic cancer, sepsis, pneumonia,
and acute stroke. Probably animals with these conditions also will not survive.

39. When do we use do-not-resuscitate orders?

Do-not-resuscitate orders must be initiated by the owner. Good client communications are
useful whenever an animal is hospitalized. It is probably wise to advise owners that arrest occurs
suddenly and unexpectantly. Ask the owner how far you should go if the pet arrests. Record the
response, and abide by the owner’s wishes.

The decision to stop CPR must be tempered with common sense, client communication, and
experience of the resuscitators. Our experience suggests that the mean duration of CPR is gener-
ally about 20 minutes.

After more than 30 years of widespread use of CPR, reevaluation of its benefits in terms of
survival and quality of life shows it to be a desperate effort that helps only a limited number of
patients. For most, CPR is unsuccessful.
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3. RESPIRATORY DISTRESS
Michael S. Laguichik, D.V.M., M.S.

1. Define respiratory distress, dyspnea, tachypnea, orthopnea, hyperventilation, hypoven-
tilation, and apnea.

Respiratory distress is outwardly evident, physically labored respiratory effort that denotes
clinically evident inability to ventilate and/or oxygenate adequately. This is currently the pre-
ferred term for veterinary patients who present with severe respiratory difficulty.

Dyspnea is the conscious perception of “air hunger” or a sense of “shortness of breath.” This
term is subjective in nature and is not ideal to use in reference to veterinary patients, because they
cannot relay the perception of respiratory difficulty.

Tachypnea is a respiratory rate that is greater than normal.

Orthopnea is an increase in respiratory distress when a patient is lying down or the chest is
compressed.
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3. RESPIRATORY DISTRESS
Michael S. Laguichik, D.V.M., M.S.

1. Define respiratory distress, dyspnea, tachypnea, orthopnea, hyperventilation, hypoven-
tilation, and apnea.

Respiratory distress is outwardly evident, physically labored respiratory effort that denotes
clinically evident inability to ventilate and/or oxygenate adequately. This is currently the pre-
ferred term for veterinary patients who present with severe respiratory difficulty.

Dyspnea is the conscious perception of “air hunger” or a sense of “shortness of breath.” This
term is subjective in nature and is not ideal to use in reference to veterinary patients, because they
cannot relay the perception of respiratory difficulty.

Tachypnea is a respiratory rate that is greater than normal.

Orthopnea is an increase in respiratory distress when a patient is lying down or the chest is
compressed.
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Hyperventilation is ventilation that exceeds metabolic demands. Hyperventilation is strictly
defined as ventilation causing a reduction in arterial carbon dioxide content (PaCO,) < 35 mmHg,
or hypocapnia.

Hypoventilation is ventilation that does not meet metabolic demands. Hypoventilation by
definition is ventilation that results in a PaCO, > 45 mmHg, or hypercapnia. Hypoventilation de-
notes ventilatory failure.

Apnea is cessation of breathing for an indeterminate period.

2. What is acute hypercapnic respiratory failure?
Hypercapnic respiratory failure is defined as acute respiratory distress resulting in a PaCO, >
45 mmHg. Typically, it involves abnormalities with central nervous system control of respiration,
peripheral nervous system interaction with the respiratory apparatus, chest wall/bellows appara-
tus, or airways involved with gas transport. Hypercapnic respiratory failure is thus often called
respiratory pump failure or ventilatory failure.

3. What is acute hypoxemic respiratory failure?

Hypoxemic respiratory failure is defined as acute respiratory distress resulting in a PaO, <
60 mmHg despite addition of supplemental oxygen of at least 60%. Typically, it involves the
alveoli component of the pulmonary system. Hypoxemic respiratory failure also is called lung
failure or oxygenation failure. The five fundamental causes are (1) decreased inspired oxygen
content [F,0,] (e.g., high altitude ascent or reduction in the F,O, setting on a mechanical ventila-
tor); (2) hypoventilation (e.g., respiratory paralysis, airway obstruction, or atelectasis); (3) diffu-
sion impairment (e.g., severe pneumonia, interstitial fibrosis, or interstitial pulmonary edema);
(4) ventilation-perfusion (V/Q) mismatch (e.g., emphysema, alveolar pulmonary edema, pneu-
mothorax, atelectasis); and (5) intra- and extrapulmonary shunting (technically the most severe
form of V/Q mismatch; e.g., lung consolidation, atelectasis).

4. What are the initial treatment priorities in any patient with respiratory distress?
Reestablishment of adequate arterial oxygen tension and removal of excessive CO, are the
overriding aims of the immediate treatment of patients with severe respiratory distress. The major
ways in which to achieve this aim, regardless of the underlying cause, are establishing a patent
airway, instituting or assisting ventilation, and maintaining adequate oxygen tension by adminis-
tration of supplemental oxygen to maximize oxygen delivery.

5. Idon’t have a lot of money for expensive monitoring devices. What are the most useful
diagnostic tools in evaluating patients with respiratory distress?

The simplest, least expensive, and often most useful “tools” are a good history, detailed
physical exam, and careful chest auscultation. Monitoring devices can never replace good clini-
cal observations and judgment and serve only to augment clinical decision making with quantifi-
able information. Monitoring devices considered essential for emergency and critical care
facilities include arterial blood gas (ABG) analyzers, pulse oximeters, and capnographers. The
ability to perform thoracic radiography is also essential.

6. Describe measures that allow differentiation of the various causes of hypoxemia in
emergency patients with respiratory distress.

Hypoxemia is diagnosed by the presence of SpO, < 90% or ABG analysis that reveals PaO,
< 60 mmHg. ABG analysis is essential for proper interpretation of causes of hypoxemia.
Alternatively, pulse oximetry and capnography can be useful in diagnosis. Hypoxemia with hy-
percapnia defines hypoventilation as the underlying cause. Hypoxemia with normocapnia im-
plies diffusion impairment, ventilation/perfusion imbalance (V/Q mismatch), or shunt as
underlying causes. In veterinary patients, diffusion impairment is rarely severe enough to cause
hypoxemia in and of itself. Response to oxygen supplementation usually allows differentiation
between V/Q mismatch and shunting. The typical patient with V/Q mismatch demonstrates
marked response (i.e., improved Pa0,) with supplemental oxygen, whereas the patient with shunt
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shows only minimal, if any, improvement in PaO, (i.e., by definition, refractory hypoxemia with
< 10 mmHg increase with at least 40% oxygen administration).

7. How do I recognize a patient with severe respiratory distress?

Usually, such patients are not hard to recognize. Abnormal sounds (stridor, wheezes), abnor-
mal posture (orthopnea, head and neck extended, elbows abducted, sternal recumbency), abnor-
mal mucous membrane color (cyanosis or pale), tachypnea, weakness and exhaustion, altered
respiratory effort (shallow and rapid, or labored and forceful, or absent), and vigorous resistance
to restraint are the typical signs in animals with respiratory distress. However, pets may have sig-
nificant respiratory compromise and yet outwardly show minimal clinical signs of distress. Cats
are more likely to have this type of presentation. Careful and quiet examination is essential to
avoid sending the patient into stress-induced overt distress or respiratory arrest.

8. What physical exam findings may help to differentiate the cause or location of the pri-
mary respiratory problem?

Patients with a rapid, shallow respiratory pattern frequently have pleural space disease
(pleural effusion, hemothorax, pneumothorax). Patients with end-expiratory effort and wheezes
on chest auscultation frequently have small airway obstructive disease (asthma). Patients with
deep, labored chest movements frequently have pulmonary parenchymal disease (pulmonary
edema, pulmonary contusions, space-occupying masses). Patients with obvious stridor, minimal
air movement at the nares or mouth, and marked inspiratory effort typically have upper airway
obstruction (laryngeal edema or paralysis, foreign body aspiration). These patterns are hardly ex-
clusive. Often patients have multiple problems, and some patients may have serious underlying
respiratory problems and yet appear clinically normal.

9. Define cyanosis, its causes, and significance. How is it treated in emergent patients?

Cyanosis develops (1) when blood is insufficiently oxygenated in the lungs; (2) when hemo-
globin is unable to carry oxygen; and (3) when blood stagnates in peripheral capillary beds. To be
detected clinically, unoxygenated hemoglobin concentration must be > 5 gm/dl of blood. At this
level, significant hypoxemia may already be present (< 50 mmHg), thus reinforcing the signifi-
cance of cyanosis in a critical patient with respiratory distress. In addition, anemic patients may
not demonstrate cyanosis. Cyanosis is centrally mediated (right-to-left cardiovascular shunts, hy-
poventilation, airway obstruction, V/Q mismatching, methemoglobinemia) or peripherally medi-
ated (arterial thromboembolism, venous obstruction, arteriolar constriction, low cardiac output,
heart failure, shock). Emergency treatment consists of provision of supplemental oxygen and
rapid identification and correction of the underlying cause.

10. What nonrespiratory conditions may mimic acute respiratory distress?

Numerous disorders cause tachypnea, orthopnea, and other signs referable to the respiratory
system in the absence of true respiratory disease. These disorders can confuse the clinician. Examples
include hyperthermia, shock, metabolic acidosis and alkalosis, hyperthyroidism, fear or anxiety, peri-
cardial tamponade, anemia, abdominal organ enlargement or ascites, and abnormalities with central
control of respiration from drugs and metabolic or organic central nervous system disease.

11. What are the two broad categories of traumatic respiratory emergencies in dogs and cats?
Blunt thoracic trauma (e.g., vehicular trauma, falls from height) and penetrating trauma (e.g.,
bullets, bite wounds, penetrating foreign bodies).

12. Categorize the location and most common types of traumatic respiratory emergencies
in small animals.

Larynx and major extrathoracic airways. Commonly caused by collars, bite wounds, and
gun shot injury; airway obstruction may occur from blood clots, edema, foreign debris, tissue
debris, and secretions. Typical signs include labored inspiration, stridor, and cyanosis; aspiration
pneumonia may be present.
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Chest wall. Rib fractures (including flail chest segments) and open (sucking) chest wounds
are not infrequent in patients suffering thoracic trauma.

Pleural space. Pneumothorax and hemothorax are the most common complications seen
after chest trauma. Diaphragmatic hernias are infrequent and can be difficult to diagnose.

Pulmonary parenchyma and major intrathoracic airways. Pulmonary contusions are
seen in about 45% of blunt trauma cases. Lung lacerations and pulmonary hematomas are un-
common. Intrabronchial hemorrhage carries a grave prognosis and is seen in major chest trauma
cases fairly commonly. Rupture or disruption of intrathoracic airways probably occurs fre-
quently, because many cases of pneumothorax have no outward source of air leakage. Blatant
disruption of major airways from the parenchyma likely leads to rapid death.

13. What are the three goals of supplemental oxygen therapy in treating hypoxemic pa-
tients? When should supplemental oxygen be administered?

The goals are (1) to treat the hypoxemia, (2) to decrease the work of breathing, and (3) to de-
crease myocardial work. Supplemental oxygen therapy is indicated for virtually any patient with
respiratory embarrassment. With conventional delivery methods (see next question), it is not possi-
ble to harm a patient with additional oxygen, and it may mean the difference between life and death.

14. Describe the ways in which supplemental oxygen therapy can be administered, listing

the advantages and disadvantages of each.
Four methods are commonly used to provide supplemental oxygen: (1) face mask, (2) nasal
oxygen insufflation, (3) oxygen cage, and (4) intratracheal oxygen administration.

METHOD

ADVANTAGES

DISADVANTAGES

Face mask

Nasal oxygen

Oxygen cage

Intratracheal oxygen

Simple

Inexpensive

Readily available
Provides F,O, of 40-60%

More freedom of movement for
patient

Noninvasive

Provides known F,O, in tem-
perature- and humidity-
controlled environment

Least stressful to patient

Can place transtracheal catheter
during emergencies

F,0, from 40-80%, depending on
whether catheter or endotracheal
tube is used

Requires high O, flow rates
Patient may not tolerate mask
Patient must be attended at all times

F,0, is not known (22-44%?7)
Excessive flow may cause gastric
dilatation

Patient physically isolated
Opening doors drops F,0,
Maximum F,0, is 40-50% at

economical flow rates
Expensive

Endotracheal tube placement may
require sedation or anesthesia

Tracheostomy tube may be
required

Requires continuous monitoring

15.

List the common causes of airway obstruction in dogs and cats.

¢ Trauma

* Infections involving the nasal passages, pharynx, and larynx

* Obstruction with foreign material

« Localized or systemic anaphylaxis with edema formation and bronchoconstriction

*» Compressive tumors of the airways and surrounding soft tissues

* Brachycephalic syndrome components (stenotic nares, elongated soft palate, laryngeal
malformation, everted laryngeal saccules, hypoplastic [collapsing] trachea)

» Laryngeal paralysis

* Tracheal stenosis
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16. List the common pulmonary parenchymal disorders that cause respiratory distress,
and briefly describe findings that may aid in diagnosis in the acute setting.

Pneumonia (acute fulminant bronchopneumonia, aspiration pneumonia, and smoke inhala-
tion pneumonia), pulmonary contusions, pulmonary edema, asthma (in cats), and pulmonary
thromboembolism are the common parenchymal disorders causing respiratory distress. Patients
with pneumonia are usually depressed, anorectic, and febrile and may or may not have a deep,
moist, productive cough. Abnormal lung sounds (crackles) may suggest bronchopneumonia.
Patients with contusions invariably have a history of trauma, and areas of the chest on ausculta-
tion, especially adjacent to rib fractures or skin bruising, may be quiet, reflecting alveolar and
small airway filling with blood and edema. Patients with pulmonary edema usually have fine or
coarse crackles on auscultation and may have cardiac or other exam findings to suggest either
cardiac or noncardiac causes of the edema in addition to historical information suggesting an un-
derlying cause (e.g., congestive heart failure, electric cord shock). Cats with asthma typically
have a supporting history and usually have wheezes on chest auscultation and a characteristic
end-expiratory effort caused by forcing air in the small airways against partial or complete small
airway closure. Patients with pulmonary thromboembolism (PTE) frequently have another sig-
nificant medical problem that predisposes them to embolize (hyperadrenocorticism, diabetes
mellitus, trauma, disseminated intravascular coagulation). The hallmark findings in patients with
PTE are acute, severe respiratory distress and minimal radiographic changes and marked re-
sponse to oxygen supplementation in the absence of signs suggesting another cause.

17. How do I recognize and manage a patient with a pleural space disorder presenting with
respiratory distress?

Patients with pleural cavity disease or disruption of the integrity of the chest wall tend to pre-
sent with characteristic restrictive respiratory pattern (rapid, shallow breathing with other atten-
dant signs of distress). Chest auscultation usually demonstrates generalized loss of lung sounds
(muffled). Common causes of pleural space disease include open chest wounds, flail chest, pneu-
mothorax, pleural effusions, hemothorax, and diaphragmatic hernia. Management depends on the
cause, but in general, rapid careful thoracentesis is required for pneumothorax, hemothorax, and
severe pleural effusions. Cautious handling until definitive surgery is possible is required for pa-
tients with diaphragmatic hernias. Chest wall trauma is managed by appropriate wound care with
local anesthetic blocks at sites of rib fractures.

18. How do I manage the patient with fulminant pulmonary edema?

Management depends on the pathophysiologic mechanism responsible for the edema forma-
tion. Acute cardiogenic edema is managed by (1) minimizing cardiac work (cage rest, sedation, in-
otropic support); (2) improving oxygenation (supplemental oxygen, bronchodilators, airway
suctioning, mechanical ventilation); (3) resolving pulmonary edema (diuretics, vasodilators, phle-
botomy); and (4) improving cardiac performance (inotropic support). Management of noncardio-
genic edema (due to increased capillary permeability) is more challenging, because the underlying
cause often is not found. Oxygen supplementation is the key tool, and mechanical ventilation with
positive end-expiratory pressure may be required. Cautious fluid therapy is essential, and diuretics
and vasodilators are recommended only if the patient is normovolemic. Cardiovascular support is
important, including inotropic support and blood transfusions to maintain oxygen delivery.

19. What are the indications for placement of an indwelling thoracotomy tube (chest tube)?
[ndications include intractable persistence of air in the chest due to continued leakage, large
volumes of air accumulating in a short time (e.g., tension pneumothorax), or accumulation of fluid
(blood, chyle, pus) in significant quantities in the pleural space. Good clinical judgment is re-
quired in deciding on placement of an indwelling tube. Tubes are not without potentially serious
complications, increase client costs and patient discomfort, and mandate continuous observation.
Exact guidelines are impossible, but the author usually places a tube immediately if tension pneu-
mothorax develops and as soon as practicable when large volumes of air or fluid are repeatedly re-
moved from the chest over a period of 6-8 hours, or sooner if the patient is clinically affected.
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20. What are the indications for performing a tracheotomy in emergent patients with res-
piratory distress?

The most common indications are emergency management of extrathoracic airway obstruc-
tion, hypoventilation due to CNS and neuromuscular diseases, and severe hypoxemia requiring
ventilatory support due to underlying pulmonary disease.

21. What are the indications for mechanical ventilation in patients with respiratory distress?

Mechanical ventilation is indicated for patients with ventilatory failure or severe hypoxemia
unresponsive to supplemental oxygen administration by face mask, nasal cannula, or oxygen
cage. Specific indications in ventilatory failure are (1) apnea, (2) administration of paralyzing
agents, and (3) ineffective respiratory efforts with progressive hypercarbia and acidosis (usually
defined as a PaCO, > 60 mmHg and arterial pH < 7.30), regardless of cause. Specific indications
for treating hypoxemic patients include (1) presence of an arterial PO, < 50-60 mmHg on a test
of 100% oxygen and (2) inability to maintain a PaO, above 50-60 mmHg with a nontoxic level
of oxygen supplementation (< 60% O,).

22. What is the emergency treatment for acute small airway disease (asthma) in cats?

The mainstays of emergency treatment include oxygen administration, corticosteroids (pred-
nisolone sodium succinate, 10-20 mg/kg IV), and bronchodilators (aminophylline, 2—4 mg/kg
IM or slowly IV). If these agents fail to resolve the crisis in 5-15 minutes, additional agents may
be necessary, including epinephrine (0.5-1.0 ml of 1:10,000 dilution IM or SQ), beta-adrenergic
agonists (terbutaline, 1.25-2.5 mg PO), and parasympatholytics (atropine, 0.04 mg/kg SC or IM).

23, What is the alveolar-arterial oxygen difference? How is it useful in managing a patient
with respiratory distress?

The difference between the alveolar oxygen concentration (P,) and arterial oxygen concen-
tration (Pa), known as the A-a gradient, is a calculation that allows the clinician to estimate ade-
quacy of oxygen transfer from the alveolus to pulmonary capillary blood. In the ideal alveolus,
all inspired oxygen rapidly diffuses into the capillary blood, with an A-a gradient of 0. In physio-
logic systems, with normal shunting of some blood, the A-a gradient may be as high as 10
mmHg. In certain pathologic conditions (diffusion impairment, V/Q mismatching, and shunt),
the A-a gradient increases, reflecting inadequacy of oxygen transfer. The alveolar component of
the equation is calculated by using the alveolar gas equation:

P,O, = (barometric pressure — 47)F,0, — (PaC0,/0.8),

where P, O, is the expected alveolar partial pressure of oxygen, 47 is the vapor pressure of water,
F,0, is the inspired oxygen concentration (21% or 0.21 for room air), and 0.8 is the respiratory
quotient. Once P,O, is determined, subtract the measured arterial partial pressure of oxygen
(Pa0,) from the P,O, to yield the A-a gradient. Example: The patient has a PaO, of 50 mmHg
breathing room air and a PaCO, of 50 mmHg; the barometric pressure is 760 mmHg. The esti-
mated alveolar O, tension, from the formula above, is 87 mmHg. Subtract the actual PaO,
(87-50) to give the A-a gradient, in this case 37 mmHg.

A gradient of 0-10 mmHg is considered normal; 10-20 is considered mild impairment of
oxygen exchange; 20-30 is considered moderate impairment; and > 30 is considered severe
gas exchange abnormality. Clinically, the A-a gradient may be used to assess gas exchange
function over time and is thus useful in monitoring patients with certain types of respiratory
distress.

When supplemental oxygen is administered, the A-a gradient as calculated above is not
accurate. Dividing the measured PaO, by the fraction of inspired oxygen yields the
PaO2/F,0, ratio, which is accurate. Normal values for this ratio are > 200-250 mmHg; pa-
tients with severe respiratory failure have values < 200. Example: a patient with a PaO, of 50
mmHg breathing 50% oxygen will have a PaO,/F,0, ratio of 100 (50/.50), indicating severe
respiratory failure.
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24. What is the adult (or acute) respiratory distress syndrome (ARDS)? Does it occur in dogs
and cats?

ARDS is a life-threatening form of respiratory failure due to acute lung injury. Numerous
causes are described in people, and despite recent advances, the mortality rate remains high.
Recently, a syndrome similar to human ARDS has been reported in dogs. Human diagnostic cri-
teria that were applicable in this study include severe respiratory distress, severe hypoxemia re-
fractory to supplemental oxygen, bilateral alveolar infiltrates on thoracic radiography, decreased
lung compliance, and near-normal cardiac function. These findings reflect the severe pulmonary
edema and profound pulmonary inflammatory response characteristic of ARDS. Treatment is
nonspecific, aimed at correcting the underlying condition and the hypoxemia (which frequently
requires mechanical ventilation with positive end-expiratory pressure), fluid and nutritional ther-
apy, and prevention of secondary infection.

25. What are the most common immediately reversible acute respiratory causes of car-
diopulmonary arrest (CPA)?

Clinicians should be alert for tension pneumothorax and obstructive asphyxia. These rapidly
developing conditions are immediately reversible and carry a grave prognosis if not corrected im-
mediately. Tension pneumothorax typically is seen in trauma patients or mechanically ventilated
patients. It is characterized by rapid-onset of hypotension, hypoxia, high airflow resistance (in
ventilated patients), subcutaneous emphysema, and reduced lung sounds. Obstructive asphyxia is
typically seen after foreign body aspiration, laryngeal paralysis, retropharyngeal abscessation, or
cervicofacial trauma.
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4, PATHOPHYSIOLOGY OF
CONGESTIVE HEART FAILURE

Wayne E. Wingfield DV.M., M S.

1. What is heart failure?

Heart failure in the small animal results from the combined effects of chronic cardiac in-
sufficiency and attempts by the neurohumeral system to compensate. Peripheral venous con-
gestion (i.e., pulmonary edema) results when the left ventricle begins to fail, systemic venous
congestion (i.e., ascites, hepatic congestion, and rarely, peripheral edema) occurs when the
right ventricle begins to fail, and generalized heart failure results when both right and left
ventricles fail.

2. What are the four common mechanisms accounting for heart failure in small animals?
List common causes for each.
1. Pressure or volume overload (mitral valvular insufficiency, systemic hypertension)
2. Myocardial failure (dilated cardiomyopathy)
3. Diastolic failure (hypertrophic cardiomyopathy)
4. Cardiac dysrhythmias (atrial fibrillation, ventricular fibrillation)

3. Describe the predominant underlying cause of heart failure for the various cardiac dis-
eases of small animals.

SYSTOLIC DIASTOLIC VALVULAR RHYTHM CARDIOVASCULAR
HEART FAILURE HEART FAILURE DISEASES DISTURBANCES SHUNTS
Dilated cardio- Pericardial effusion Endocardiosis Bradyarrthythmias  Patent ductus

myopathy Hypertrophic cardiomyopathy ~ Endocarditis Tachyarrhythmias arteriosus
Restrictive cardiomyopathy Valvular dysplasia Ventricular septal
Hyperthyroidism Valvular stenosis defect

Atrial septal defect

4. Define the relationship between pressure and flow as they relate to vascular resistance.
The heart generates pressure and flow. Both must be maintained within certain limits to pro-
duce viable organ function. Thus the relationship between pressure and flow is defined by vascu-

lar resistance.
Pressure

Vascular resistance =
Flow

5. How can I use the relationship between vascular resistance, pressure, and flow in the
clinical use of cardiac drugs?
Arterial vasoconstriction improves blood pressure, but it also decreases blood flow and pos-
sibly tissue perfusion. Arterial vasodilation decreases blood pressure but improves blood flow
and tissue perfusion,

6. What is cardiac output? What are its determinants?
Cardiac output is the total forward blood flow coming from the heart and is the product of
stroke volume and heart rate. The three determinants of stroke volume are (1) preload, (2) after-
load, and (3) contractility.

22
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7. What is preload?
The stretch or load placed on a myocardial fiber before contraction is termed preload. Within

limits, preload increases myocardial fiber shortening and stroke volume. Atrial pressure is a clini-
cal measure of the amount of preload. The Frank-Starling (cardiac output) curve describes this

relationship.

Venous Return

Cardiac Output

‘\t\ctual Cardiac

Output

Cardiac Output
(Venous Return)

Mean Vascular
/ Filling Pressure

Atrial Pressure

The actual cardiac output is determined by the intersection of the cardiac output and the venous return curves.
Cardiac output changes when either the cardiac output or the venous return (preload) curve begins to shift.

8. What two extracardiac factors affect venous return to the heart? What are the deter-

minants of these two factors?
Peripheral vascular resistance, determined by arterial vascular tone and blood viscosity, and

mean vascular filling pressure, determined by vascular volume and venous vascular tone.

Mean Filling Pressure Peripheral Vascular
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I Volume
or Venous l Vascular
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Changes in preload as a response to changes in venous return.

9. What is afterload?

Afterload is the peak load or stress developed in the ventricular wall during systole. The myocar-
dial fibers must develop tension equal and opposite to afterload for myocardial fiber shortening to
occur. The total amount of work by the myocardium is related directly to the amount of afterload that
it develops and the degree of myocardial fiber shortening or cardiac stroke volume. For any given
amount of myocardial work, there is an inverse relationship between afterload and stroke volume. As
myocardial afterload increases, stroke volume and cardiac output decrease, and vice versa (see figure

at top of next page).
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l Afterload

| Afterload

Cardiac Output
(Venous Return)

Mean Vascular

/Filling Pressure

Atrial Pressure

A change in afterload results in a shift of the cardiac output curve.

10. What factors determine cardiac afterload?

The LaPlace relation determines cardiac afterload. This relation predicts that wall stress in a
sphere is directly proportional to pressure and radius of the sphere and inversely proportional to
wall thickness. Thus, afterload is largely a function of systolic pressure. A decrease in systolic
pressure increases cardiac output. In addition, systolic pressure is affected by aortic impedance
(i.e., wall stiffness) and peripheral vascular resistance.

Systallc gy lie Pressure (P) X Radins (r)
(Aferiond) Wall Thickeas (h)

Afterload is equal to ventricular wall stress during systole and is determined by the systolic pressure (P), ven-
tricular radius (r), and wall thickness (h).

11. What is contractility? How is it influenced?

Contractility is the intrinsic property of cardiac muscle that allows it to change myocardial
fiber shortening and stroke volume independently of cardiac loading (i.e., afterload and preload).
Changes in contractility are reflected in changes in cardiac output. (See figure at top of next page.)

12, How is myocardial contractility modulated?

Sympathetic tone to the heart modulates contractility. This tone is mediated by the B, recep-
tors that alter calcium influx during myocardial contraction. Inotropic drugs change myocardial
contractility by altering the amount of calcium available for contraction. Cardiac hypertrophy
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IComractility

Cardiac Output
(Venous Return)

Atrial Pressure

Changes in contractility shift the cardiac output curve.

also modulates cardiac contractility to a point. Loss of myocardial mass decreases contractility,
and myocardial hypertrophy increases contractility.

13. What happens to the Frank-Starling (cardiac output) curve in congestive heart failure?

Pathologic changes in the myocardium result in a downward, rightward shift in the cardiac
output curve (low-output heart failure) or downward, leftward changes in the venous return curve
(hypovolemic shock) (see figure in question 7).

14. What are the three neurohumeral phases in heart failure?
1. Cardiac injury or insufficiency
2. Activation of neurohumeral responses to injury or insufficiency
3. Neurohumeral overcompensation

15. What happens during cardiac injury or insufficiency?

The injury or insufficiency, which may be either congenital or acquired, primary or sec-
ondary, ultimately results in hemodynamic overload on the heart. The two types of hemodynamic
overload are (1) pressure overload (stenotic heart valves or systemic hypertension) and (2)
volume overload (valvular insufficiencies, patent ductus arteriosus, ventricular septal defects. In
most cases this neurohumeral response goes unnoticed clinically.

16. How does the body activate the neurohumeral responses to injury or insufficiency? List
some of the effects of each.

Many responses are activated in response to myocardial injury or insufficiency:

« Renin-angiotensin (vasoconstriction to increase blood pressure and cardiac output)

« Aldosterone (volume expansion via retention of sodium and thus water)

« Sympathetic nervous system (vasoconstriction, increased heart rate, increased contractility)

« Vasopressin (ADH) (water retention to expand volume)

« Atrial natriuretic peptide (ANP) (vasodilation, decreased venous congestion)

* Myocardial hypertrophy (increased myocardial mass, increased chamber dilation to in-

crease contractility)

17. How does overcompensation adversely affect animals in heart failure?

High venous filling pressures in the atria result in venous pooling in the lungs (left atrium) or
peripheral venous system (right atrium). In addition, arterial vasoconstriction impairs tissue per-
fusion. This state is called congestive heart failure (CHF). (See figure at top of next page.)
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Congestive heart failure results from chronic myocardial insufficiency or injury and neurohumeral responses.

18. What strategies are used in treating animals with CHF?
Optimize cardiac performance by manipulating the four determinants of cardiac output:
« Reduce venous congestion (preload).
» Improve cardiac output (preload, afterload, and contractility).
» Normalize heart rate and rhythm (heart rate).
* Slow progression of the disease (preload, afterload, contractility, and heart rate).

19. How is venous congestion reduced?

Venous congestion is reduced by decreasing preload, which decreases atrial pressures and
thus pulmonary and/or systemic venous congestion. Decreasing preload also may reduce cardiac
output. There are two means to reduce preload: (1) decrease vascular volume (diuretics, salt-re-
striction) and (2) decrease venous tone (venous or mixed vasodilator drugs). Both strategies
result in a leftward shift in venous return curve (see figure in question 8).

20. How can cardiac output be improved?

Cardiac output can be improved by reducing preload, increasing contractility, or decreasing
afterload. Preload is reduced as mentioned in question 19. Contractility is increased with positive
inotropic drugs, which shift the cardiac output curve upward and leftward (see figure in question
17). Positive inotropic drugs are especially indicated with evidence of systolic dysfunction.
Arterial and mixed vasodilator drugs reduce afterload and result in an upward shift of the cardiac
output curve.

21. How does one normalize heart rate and rhythm?

One should make every effort to identify the cause of dysrhythmia and treat the cause.
Treating the dysrhythmia does not alleviate the cause. Slowing tachyarrhythmias with digitalis or
antiarrhythmics may be required in some cases. In addition, third-degree atrioventricular (AV),
severe second-degree AV, and sick sinus rhythms may require implantation of a pacemaker.

22, Describe the clinical classification of patients with heart failure.

Of the many schemes to describe the degree of heart failure in animals, the one that has with-
stood the test of time and experience is the clinical classification of the New York Heart
Association, which is taken from human medicine but helps the clinician to decide the severity
and therapeutic needs of animals in heart failure. Of interest, most new heart failure schemes
relate to the New York Heart Association scheme. The classification is as follows:
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Class 1 No obvious exercise limitations.

Class Il Slight exercise limitation or coughing with routine physical activity.

Class Il  Comfortable at rest but clinical signs develop during minimal physical activity.
ClassIV  Clinical signs of heart failure are evident at rest and any exercise is severely limited.

How can one slow progression of heart failure?
Neurchumeral responses to CHF drive the progression of failure. To slow progression, one

must minimize neurohumeral responses. Little clinical evidence is currently available in animals,
but angiotensin-converting enzyme (ACE) inhibitors and beta antagonists, as well as digoxin, im-
prove survival in humans,

24. What are the goals in providing fluid therapy to a patient with congestive heart failure?

The principles governing appropriate fluid therapy begin with determining the cause and

severity of the heart failure. One must determine the need either to reduce or to remove accumu-
lated fluid and, at the same time, to reduce sodium and water retention while still supporting ade-
quate tissue perfusion.

25. Which two intravenous fluids are normally administered to animals with congestive
heart failure?

* 2.5% dextrose in 0.45% sodium chloride
* 5% dextrose in water (DSW)
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5. SHOCK
Ronald S. Walton, D.V.M.

1. Define shock in small animals.

Shock is a critical imbalance between the delivery of oxygen and nutrients to the cell and uti-
lization of oxygen and nutrients by the cell. Inadequate tissue perfusion and removal of cellular
waste products lead to a failure of oxidative metabolism that can involve deficits of oxygen deliv-
ery, transport, utilization, or a combination of all three. Shock may be any syndrome, disease
state, or injury that results in a critical decrease in effective blood flow. Lack of effective blood
flow leads to derangement in cellular metabolism and ultimately cell death. When left
unchecked, shock results in global cellular dysfunction, leading to entire organ dysfunction, pro-
gressing to multiple organ dysfunction and failure, and culminating with death.

2. What are the immediate concerns for a patient in shock?
The three most important concepts in dealing with shock are summarized in the acronym VIP:
V = Ventilation to ensure a patent airway and maximize oxygenation and oxygen carrying
capacity of the blood.
I = Infusion of fluids to restore vascular volume.
P = Maintenance of myocardial pumping function to restore cardiac output and blood flow.

3. Name the four pathophysiologic classifications of shock.
1. Hypovolemic 3. Distributive
2. Cardiogenic 4. Traumatic

4. Give an example of each of the four classifications of shock, and note which is most
commonly seen in small animals.

Blood volume, vascular resistance, vascular capacitance, and pump function determine the
pattern of blood flow. Each of the four pathophysiologic classifications can be related to one or
more of these determinants.

Hypovolemic shock is the most common form of shock in small animals. A typical patient
has volume loss due to hemorrhage, severe volume loss, third spacing of fluids, or volume loss
due to diuresis, as in severe diabetic ketoacidosis.

Cardiogenic shock is a form of shock seen in heart failure characterized by pump failure
and high central venous pressures. Pump failure may be related to cardiomyopathy, arrthythmias,
and valvular abnormalities. The key features of cardiogenic shock are systemic hypotension, ele-
vated heart rate, increased central venous pressure, increased oxygen extraction, and decreased
cardiac output. The pump failure may be related to valvular and/or myocardial incompetence. In
some classifications, obstructive forms of shock, such as heartworm disease, pericardial tampon-
ade, and pulmonary thromboembolism, are also classified as cardiogenic shock because of a gen-
eral failure of forward blood flow.

Distributive shock is a form of vasogenic shock seen with sepsis, anaphylaxis, neurogenic
causes, and adverse pharmacologic/toxic reactions.

Traumatic shock is a form of shock associated with extensive tissue trauma. Hypovolemic
shock is often a component of traumatic shock. A traumatic insult causes extensive capillary
damage with extensive plasma loss in the tissues. Extensive tissue injury also initiates an inflam-
matory response by the body due to release of endogenous mediators of inflammation. Pain asso-
ciated with extensive injury can result in inhibition of the vasomotor center and interfere with the
normal vasoconstriction response.
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5. During the course of the physical examination, how do you determine the classification
of shock?

A patient with hypovolemic, cardiogenic, or obstructive shock typically has cool extremities,
pallor of the mucous membranes, hypotension, and tachycardia. A patient with distributive shock
also may present in this manner during the late stages. Typically, a patient with distributive shock has
warm extremities, hyperemic mucous membranes, normotension to hypertension, and tachycardia.

6. What constitutes a minimal database before initiation of therapy in an emergent pa-
tient with clinical signs of shock?

Most patients present with some form of hypovolemic shock. Before initiation of fluid ther-
apy, hematocrit (packed-cell volume [PCV]), total solids, blood glucose, blood urea nitrogen
(BUN; Azostick), and urine specific gravity (USG) should be considered the minimal database.
All of the tests except USG (2 drops of urine) can be performed on the blood remaining in the
hub of the catheter as it is placed in the patient (4-5 drops of blood). This small amount of infor-
mation provides a good idea about patient status at the beginning of therapy. If possible, one
should draw a sample large enough to provide adequate evaluation beyond these basic parame-
ters to understand the physiologic status of the animal.

7. Describe the changes seen in measurement of packed-cell volume (hematocrit) immedi-
ately after significant acute hemorrhage. What changes occur with time?

PCV immediately after a hemorrhagic episode may appear normal. With time the PCV falls
as a result of loss of red cell mass and redistribution of interstitial and intracellular volumes to the
vascular space. Once the hemorrhagic episode is stabilized, the final change in PCV can take hours
to develop. Early overinterpretation of values can underestimate the severity of the hemorrhagic
episode. Classically, the PCV change is 14-36% by the end of 2 hours, 36-50 % by the end of 8
hours, and only 63-77% by the end of 24 hours. A