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Preface

Anesthesia for Veterinary Technicians is intended to act as a reference
guide for the aspiring or accomplished veterinary anesthetist. It is intended
to be a resource for technicians of varying levels of skill and knowledge,
but it also contains advanced material and is suitable as a study guide for
those preparing to sit for the Veterinary Technician Specialty in
Anesthesia exam.

The book’s purpose is to provide veterinary anesthetists with the skills and
knowledge to develop safe and effective anesthesia protocols and to be
able to avoid or at least proactively anticipate and plan for the treatment of
potential complications. The ultimate goal, of course, is to collaborate
with our supervising veterinarians to improve the lives of our veterinary
patients through informed, compassionate anesthesia and pain
management.
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Review of Cardiovascular
and Respiratory Physiology

Susan Bryant

Most anesthetic drugs affect the cardiovascular and/or pulmonary systems
in some way. It is important for the anesthetist to have at least a basic
understanding of how these systems function and what impact anesthetic
drugs are likely to have on them. This chapter reviews the basic
physiology of the cardiovascular and respiratory systems, and some of the
terminology related to them, as they relate to anesthesia.

The Cardiovascular System

Anatomy and physiology of the heart

The cardiovascular system consists of the heart, which is a muscular
pumping device, and a closed system of vessels: the arteries, veins, and
capillaries. The heart is responsible for pumping blood around the body,
carrying nutrients to all parts of the body, and carrying waste away for
removal. The heart consists of four chambers: the right atrium, the right
ventricle, the left atrium, and the left ventricle. Arteries are the vessels that
carry blood from the heart, and veins carry blood to the heart. Sodium,
chloride, potassium, and calcium are the electrolytes that are most
important for normal cardiac function. Depolarization of the cell occurs
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when sodium channels in the cell membrane open increasing sodium
permeability. Resting membrane potential becomes less negative due to an
influx of positive sodium ions. Cells begin repolarizing when the sodium
gates close and negatively charged chloride ions begin to move into the
cell. This causes calcium channels to open, allowing an influx of these
ions. Final repolarization occurs when the calcium channels close and
potassium permeability increases. Any alterations of normal plasma
concentrations of these electrolytes can affect cardiac muscle function.

The sino-atrial (SA) node in the wall of the right atrium initiates the
heartbeat. Impulses from this node transmit to the atrioventricular (AV)
node. Other impulses in the heart are transmitted by the bundle of HIS, the
bundle branches, and the purkinje fibers. Any damage to the cardiac
muscle can result in unsynchronized impulse transmission, irregular heart
contractions, and reduced cardiac output. The SA node acts as an intrinsic
pacemaker and controls the rate of contractions. Both parasympathetic and
sympathetic nervous systems innervate the SA node. Acetylcholine and
noradrenaline are nervous system mediators that affect sodium, calcium,
and potassium channels and can increase or decrease depolarization. Many
drugs used for anesthesia purposes can affect heart rate, and therefore
monitoring is strongly indicated.

Cardiac cycle

The cardiac cycle is the complete series of events that happens in the heart
during one heartbeat. Blood flows into the atria from the vena cava and
pulmonary veins. The cycle starts with depolarization at the SA node
leading to atrial contraction. The atrioventricular valves, called the mitral
and tricuspid valves, open when atrial pressure exceeds ventricular
pressure. While the atria contract, blood flows into the relaxed ventricles.
This is diastole, when the ventricles are relaxed and filling. Next, the atria
relax and the ventricles contract (systole) pushing blood out the aortic and
pulmonary valves. Ventricular systole causes closure of the
atrioventricular valves and this action is the first heart sound heard on
auscultation. The second heart sound is generated when ventricular
relaxation occurs and the pulmonic and aortic valves close. Murmurs are
abnormal cardiac sounds and usually result from malfunction of the valves
(Reece 1997).
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Electrical activity

As the heart undergoes depolarization and repolarization, the electrical
currents that are generated (as described above) spread not only within the
heart, but also throughout the body. This electrical activity generated by
the heart can be measured by electrodes placed on the body surface. The
recorded tracing of this activity is called an electrocardiogram (ECG or
EKGQ). The different waves that comprise the ECG represent the sequence
of depolarization and repolarization of the atria and ventricles. The
complete cardiac cycle that is portrayed on the ECG is represented by
waves that are identified as P wave, QRS complex, T wave.

The P wave represents the wave of depolarization that spreads from the
SA node throughout the atria. The brief isoelectric period after the P wave
represents the time in which the impulse is traveling within the AV node
and the bundle of HIS. The period of time from the onset of the P wave to
the beginning of the QRS complex is termed the P-R interval. This
represents the time between the onset of atrial depolarization and the onset
of ventricular depolarization. If the interval is prolonged or no QRS
complex follows (the impulse is unable to be conducted to the ventricles),
there is an AV conduction block (1st, 2nd, or 3rd degree AV block).

The QRS complex represents the ventricular depolarization. The duration
of the QRS complex is normally of relatively short duration, which
indicates that ventricular depolarization occurs very rapidly. If the QRS
complex is prolonged, conduction is impaired within the ventricles. This
can occur with bundle branch blocks or whenever an abnormal pacemaker
site becomes the pacemaker driving the ventricle. Changes in the height
and width of the QRS complex can indicate left heart enlargement. The
shape of the QRS complex can also change depending on placement of the
electrodes. The isoelectric period following the QRS (ST segment) is the
time at which the entire ventricle is depolarized. The ST segment is
important in the diagnosis of ventricular ischemia or hypoxia because
under those conditions, the ST segment can become either depressed or
elevated.

The T wave represents ventricular repolarization and is longer in duration
than depolarization. The Q-T interval represents the time for both
ventricular depolarization and repolarization to occur and therefore
roughly estimates the duration of an average ventricular action potential.
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At high heart rates, ventricular action potentials shorten in duration, which
increases the Q-T interval. Prolonged Q-T intervals can be diagnostic for
susceptibility to certain types of tachyarrhythmias.

Determining heart rate from an ECG
Strip

Heart rate can be determined by examining an ECG rhythm strip. The
ventricular rate can be determined by measuring the time intervals
between the QRS complexes, which is done by looking at the R-R
intervals. Assuming a recording speed of 25 mm/sec and a lead II ECG,
one method is to divide 1500 by the number of small squares on the
recording paper between two R waves. Or one can divide 300 by the
number of large squares between waves (Blaze and Glowaski 2004). If the
heart rate is irregular, it is important to determine a time-averaged rate
over a longer interval. Changes in heart rate can affect the function of the
heart. Very fast heart rates can reduce cardiac output by not allowing the
ventricles to fill adequately (Clark 2003). Bradycardia can also affect
cardiac output. Troubleshooting heart rate abnormalities should include
identifying and correcting the underlying cause if possible. Treatment with
fluid therapy and/or additional analgesics may be necessary for
tachycardic patients. Lightening anesthetic depth and/or treatment with an
anticholinergic may be necessary for bradycardic patients. Arrhythmias
should be identified and their effect on cardiovascular function should be
determined before treatment therapy is decided on.

Contractility is the intrinsic ability of cardiac muscle to develop force for
a given muscle length. It is also referred to as inotropism. Preload is the
force acting on a muscle just before contraction, and it is dependent on
ventricular filling (or end diastolic volume). Preload is related to right
atrial pressure. The most important determining factor for preload is
venous return. Hypovolemia, vasodilation, and venous occlusion decrease
preload.

Afterload is the tension (or the arterial pressure) against which the
ventricle must contract. If arterial pressure increases, afterload also
increases. Afterload for the left ventricle is determined by aortic pressure;
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afterload for the right ventricle is determined by pulmonary artery
pressure.

Blood pressure is the driving force for blood flow (perfusion) through
capillaries that supply oxygen to organs and tissue beds of the body.
Blood pressure is needed to propel blood through high-resistance vascular
beds, including those of the brain, heart, lungs, and kidneys. Blood
pressure variations are detected by baroreceptors that are present
throughout the cardiovascular system. These baroreceptors are capable of
stimulating the autonomic nervous system in response to increases and
decreases in blood pressure. If blood pressure falls, the sympathetic
nervous system is stimulated and outflow will be increased, causing an
increase in heart rate and blood pressure. If blood pressure increases, the
parasympathetic system works to slow the heart rate and decrease pressure
(Fraser 2003).

Blood pressure values are expressed in millimeters of mercury (mm Hg)
and as three measurements: systolic, mean, and diastolic. Remember that
the systolic pressure is the pressure generated when the left ventricle is
fully contracted. Diastolic pressure is the pressure measured when the left
ventricle relaxes. Pulse pressure felt on peripheral arteries is the difference
between the two numbers. Mean arterial pressure (MAP) is calculated as
diastolic pressure + 1/3 systolic pressure (systolic pressure — diastolic
pressure) (Smith 2002). Mean blood pressure determines the average rate
at which blood flows through the systemic vessels. It is closer to diastolic
than to systolic because, during each pressure cycle, the pressure usually
remains at systolic levels for a shorter time than at diastolic levels. Most
times, under anesthesia, a patient’s mean pressure is what the anesthetist
focuses on. A mean arterial pressure of at least 60 mm Hg (70 in horses) is
needed to properly perfuse the heart, brain, and kidneys. Mean arterial
blood pressures consistently below 60 mm Hg can lead to renal failure,
decreased hepatic metabolism of drugs, worsening of hypoxemia, delayed
recovery from anesthesia, neuromuscular complications, and central
nervous system abnormalities, including blindness after anesthesia (Smith
2002). Prolonged hypotension (> than 15-30 minutes) can lead to nephron
damage. Although the effects may not be immediately apparent because
65-75% of nephrons need to be damaged before renal disease becomes
clinically observable, the effects may play a role in the onset of renal
disease later in a pet’s life. Severe untreated hypotension can lead to
cardiac and respiratory arrest. Hypertension, or excessively high blood
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pressure, can lead to problems as well. Ideally, any animal under
anesthesia should have should have regular blood pressure monitoring
because most anesthetic drugs affect blood pressure in some way.

Mean arterial blood pressure (MAP) = cardiac output (CO) x systemic
vascular resistance (SVR). Cardiac output is defined as the amount of
blood pumped by the heart in a unit period of time. Cardiac output is a
term that is often used in anesthesia because it is extremely important in
the overall function of the cardiovascular system. In general, the term
applies to how well the cardiovascular pump (heart) is working. Many
factors affect CO, directly or indirectly, including some anesthesia drugs.
CO = heart rate (HR) x stroke volume (SV). Contractility is the amount of
force and velocity that the ventricles can exert to eject the volume within
them (Hamlin 2000). Systemic vascular resistance is the amount of
resistance to flow through the vessels. Some vessels may be dilated and
therefore allow more flow at less resistance. Constriction of vessels may
limit blood flow and require more pressure to get blood through. It’s
important to know that many of the drugs used for anesthesia affect one or
more of these systems in some way.

Normal systolic blood pressures in the conscious awake patient are
100-160 mm Hg, normal diastolic pressures are 60-100 mm Hg, and
normal mean arterial blood pressure ranges are 80-120 mm Hg.
Hypotension is classified as MAP of less than 60 mm Hg. It is important
to be able to identify the cause of a blood pressure abnormality to know
how to begin treatment for it. There are generally three things to consider
when looking for causes of hypotension. Look for drugs or physiological/
pathological factors that may reduce systemic vascular resistance (SVR),
look at heart rate, and look for things that affect stroke volume (preload/
contractility) (Smith 2002). As mentioned earlier, many of the drugs used
in anesthesia cause some degree of hypotension, and less often,
hypertension. Knowing the side effects of these drugs and how they work
will help in determining treatment. Drugs that decrease SVR (and cause
vasodilation) in a dose-dependent manner include acepromazine,
thiobarbiturates, propofol, and the inhalants. Other physiologic factors that
may cause a decrease in blood volume or vascular tone include
hemorrhage, inadequate volume administration or replacement,
dehydration, shock, sepsis, anaphylaxis, or severe hypercapnia (high CO2)
(Smith 2002). Patients with acid/base abnormalities should be stabilized
prior to anesthesia if possible to help reduce the possibility of
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hypotension. Drugs that can decrease heart rate include opioids, alpha 2
agonists, and the inhalant drugs isoflurane and sevoflurane. Patients with
intracranial disease, hypothermic patients, and extremely fit pets may have
low heart rates (bradycardia). Anesthetic drugs affecting the contractility
of the heart include the inhalants, thiobarbiturates, propofol, and alpha-2
agonists. The inhalant drugs are potent vasodilators, with up to a 50%
reduction in cardiac contractility at surgical planes of anesthesia as well.
The other drugs’ effects on contractility are more transient and less
profound. Alpha-2 agonists and phenylephrine cause vasoconstriction of
blood vessels, which results in hypertension. The effects of hypertension
from the alpha-2 agonists are transient, lasting only a few minutes before
the vessels relax and hypotension can result. The dissociative drugs,
ketamine and Telazol, have indirect positive effects on the cardiovascular
system and thus increase heart rate, but this can cause a reduction in stroke
volume depending on how severely heart rate is affected. Patient
positioning can affect blood pressure. Obese or bloated patients or patients
with large abdominal masses placed in dorsal recumbency may be
hypotensive due to excessive pressure on the caudal vena cava. This
pressure may compromise venous return and result in hypotension. The
same can happen when positive pressure ventilation is used.

Certain disease states can cause hypertension, including renal disease,
pheochromocytomas, pulmonic stenosis, heartworm disease, and
hyperthyroidism. Ideally, these patients will have their hypertension well
controlled before surgery. The exception may be the pheochromocytoma
patient whose hypertension may spike up during surgery when the tumor
is manipulated. A nitroprusside CRI may be indicated for these patients if
systolic pressure exceeds 200 mm Hg. If a patient develops hypertension
under anesthesia that is not related to a disease state, the cause is most
likely related to inadequate anesthetic depth and/or inadequate analgesic
administration. Adjusting anesthetic depth and providing additional pain
medications should result in normotension.

Changes in blood volume affect arterial blood pressure by changing
cardiac output. During general anesthesia, the rate of normal ongoing
losses of fluid from the body is increased by high oxygen flow rates. The
oxygen dries the respiratory system and causes rapid evaporation from
mucous membranes. To offset this loss, intravenous fluid administration
of crystalloids at a rate of 10 mL/kg/hr is recommended to help “fill the
space” caused by vasodilation and to replace normal ongoing losses that
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occur in patients (with normal cardiovascular and renal function; patients
with certain cardiac diseases may not be able to “handle” excessive fluid
overload) under anesthesia. Fluid therapy is best begun before
hypotension exists. For suspected hypovolemia a fluid bolus of “I hour’s
worth” of the patient’s maintenance rate may be given (i.e., 35 kg pet =
350 mL bolus, along with maintenance fluids). Reassess following the
bolus. If the patient is instrumented with a Doppler monitor you may be
able to hear the improvement and “stronger” flow. Blood loss should be
replaced with 2-3 times the suspected amount of loss. One mL of blood
loss should be replaced with 2-3 mL of crystalloid. Excessive hemorrhage
will require replacement with colloids and blood products. The best way
to prevent hypotension is to detect changes in blood pressure as soon as
they begin and start treatment to restore it as soon as possible.

Volume status

Central venous pressure is the blood pressure within the intrathoracic
portion of the caudal or cranial vena cava. It can be measured to gain
information about intravascular blood volume and cardiac function. CVP
correlates with the volume reaching the right atrium during diastole. A
single measurement of CVP yields little information, but serial
measurements are useful. Measuring CVP can be helpful in determining
hypovolemia or fluid overload. Normal CVP should be 2—7 cm H20 in
anesthetized patients (Muir et al. 2000).

Urine output can also be measured to determine volume status. Normal
urine output should be 1-2 mL/kg/hr.

Respiratory Physiology

Every cell in the body needs a constant supply of oxygen to produce
energy to grow, repair, or replace itself and to maintain normal vital
functions. The respiratory system is the body’s link to its supply of
oxygen. It includes the diaphragm and chest muscles, the nose and mouth,
the pharynx and trachea, the bronchial tree and the lungs. The
bloodstream, heart, and brain are also involved. The bloodstream takes
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oxygen from the lungs to the rest of the body and returns carbon dioxide
to them to be removed. The heart creates the force to move the blood at
the right speed and pressure throughout the body. The smooth functioning
of the entire system is directed by the brain and the autonomic nervous
system.

Anatomy of the respiratory system

The main function of the lungs is to provide continuous gas exchange
between the inspired air and the blood in the pulmonary circulation. The
lungs supply oxygen during inspiration and remove carbon dioxide (CO2)
during expiration. During inspiration air containing oxygen (at sea level,
atmospheric air contains 21% oxygen) enters the body through the nose
and mouth. From there it passes through the pharynx on its way to the
trachea. The trachea divides into two main bronchi upon reaching the
lungs. One bronchus serves the right lung and the other serves the left
lung. The bronchi subdivide several times into smaller bronchi, which
then divide into smaller and smaller branches called bronchioles. After
many subdivisions, the bronchioles end at the alveolar ducts. At the end of
each alveolar duct are clusters of alveoli. The oxygen transferred through
the system is finally transferred to the bloodstream at the alveoli. Blood
vessels from the pulmonary arterial system accompany the bronchi and
bronchioles. These blood vessels also branch into smaller and smaller
units ending with capillaries, which are in direct contact with each
alveolus. Gas exchange occurs through this alveolar-capillary membrane
as oxygen moves into and carbon dioxide moves out of the bloodstream
(perfusion) (Fig. 1.1).

Figure 1.1. Illustration of perfusion. (Drawing by Melanie Tong.)
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In the blood, oxygen is transported in two forms: dissolved in plasma
(which is measured by PO2) and bound to hemoglobin (measured by
SpO2). The amount of oxygen bound to hemoglobin is much larger than
the amount dissolved in plasma (Fig. 1.2).

Figure 1.2. The amount of oxygen bound to hemoglobin is much larger
than the amount dissolved in plasma. (Drawing by Melanie Tong.)
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The “matching” of ventilation and perfusion is important to proper lung
function. It does no good to ventilate an alveolus that is not being perfused
(alveolar dead space) or to perfuse an alveolus that is not being ventilated
because of atelectasis (collapse of alveoli). In the normal lung, ventilation
(V) and perfusion (Q) are not evenly matched (known as V/Q mismatch),
and this worsens with lung disease and dorsal or lateral recumbencies.
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Both ventilation and perfusion increase toward the dependent regions of
the lung, but since blood is heavier than lung parenchyma, perfusion
increases at a faster rate than ventilation. Vasodilation or vasoconstriction,
caused by disease or anesthetic drugs, enhances V/Q mismatching and
hypoxemia. From an anesthetic point of view, alveolar ventilation is very
important because it will control the amount of volatile or gaseous
anesthetic agent that can diffuse into the bloodstream. Any increase in
alveolar ventilation will increase anesthetic uptake into the pulmonary
blood (Fraser 2003).

The movement of air into and out of the lungs is called ventilation. The
contraction of the inspiratory muscles, mainly the diaphragm, causes the
chest cavity to expand, creating negative pressure. This is inspiration.
During maximal inspiration, the diaphragm forces the abdominal contents
ventrally and caudally. The external intercostal muscles are also involved.
These muscles contract and raise the ribs during inspiration, increasing the
diameter and volume of the chest cavity. Ventilation is the process by
which gas in closed spaces is renewed or exchanged. As it applies to the
lungs, it is a process of exchanging the gas in the airways and alveoli with
gas from the environment. Breathing provides for ventilation and
oxygenation.

Normal expiration is a passive process resulting from the natural recoil or
elasticity of the expanded lung and chest wall. However, when breathing
is rapid, the internal intercostal muscles and the abdominal muscles
contract to help force air out of the lungs more fully and quickly. At the
end of inspiration, the elasticity of the lung causes it to return to its
smaller, unexpanded size. The ability to do this is called elastic recoil.
The volume of air remaining in the lung at the end of a normal breath (the
end expiratory lung volume) is called the functional residual capacity
(FRC). FRC is composed of the expiratory reserve volume and the
residual volume. On expiration, there is still air left in the lungs; if there
weren’t, all of the alveoli would collapse. FRC decreases slightly in
supine and lateral recumbency compared to prone. Certain conditions such
as pregnancy, obesity, and abdominal distention due to gas-filled organs
or masses can exacerbate decreases in FRC. FRC is diminished with small
airway diseases. At FRC the alveoli in the nondependent lung sections are
larger than those in the dependent regions because of gravity and the
weight of the lung. Alveoli in the dependent regions are squashed and
compressed by the weight of the overlying lung tissue. In lateral or dorsal
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positions the dependent alveoli are also compressed by the weight of the
mediastinal structures and by the weight of the abdominal contents
pressing against the diaphragm. In patients with large abdominal masses
or excessive bloating (such as gastric dilatation volvulus GDV or
obstructive colic in horses), the problem becomes especially significant.

In spite of many protective mechanisms in place in the lungs, including
FRC, small airway and alveolar collapse (atelectasis) still occurs in the
normal animal. Atelectasis is especially prominent in the dependent lung
regions when an animal is recumbent. Intermittent deep positive pressure
breaths in the anesthetized patient can help minimize small airway and
alveolar collapse. The use of positive end expiratory pressure (PEEP) is
known to help as well. PEEP increases airway pressure and FRC to help
keep small airways and alveoli open during expiration (Battaglia 2001).
PEEP valves are commercially available (in 5, 10, and 15 cm H20) and
can be added to the anesthesia machine for this purpose. Unfortunately,
once atelectasis has occurred, it is very difficult to open the closed alveoli.
Applying excessive pressure in an attempt to open alveoli (as in the case
of attempting to reinflate a packed-off lung during a thoracotomy) tends
only to damage the already working tissue (barotrauma) before reinflation
takes place. Reinflation is a slow, delicate process and will happen on its
own in healthy tissue over time or once recumbency or insult changes.

The degree of stiffness or compliance of the lung tissue affects the amount
of pressure needed to increase or decrease the volume of the lung. With
increasing stiffness, the lung becomes less able to return to its normal size
during expiration. Virtually all diseases cause the compliance of the lungs
to decrease to some extent.

The amount of airflow resistance can also affect lung volumes. Resistance
is the degree of ease in which air can pass through the airways. It is
determined by the number, length, and diameter of the airways. An animal
with a high degree of resistance may not be able to exhale fully, thus some
air becomes trapped in the lungs.

Tidal volume is the volume of gas passing into and out of the lungs in one
normal respiratory cycle. Normal tidal volume for mammals is 1020 mL/
kg. Minute volume is used to describe the amount of gas moved per
minute and is approximately 150-250 mL/kg/minute. Minute volume =
tidal volume x respiratory rate. It is alveolar ventilation that is important
for gas exchange, however. Alveolar ventilation is the portion of
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ventilation that contributes to gas exchange (McDonnell and Kerr 2007).
Tidal volume is used to ventilate not only the alveoli, but also the airways
leading to the alveoli. Because there is little or no diffusion of oxygen and
carbon dioxide through the membranes of the airways, they comprise what
is known as dead space ventilation (Fig. 1.3).

The other part of dead space is made up of alveoli with diminished
capillary perfusion. Ventilating these alveoli is ineffective and will do
nothing to improve blood gases. The nonperfused alveoli and the airways
are known as anatomic dead spaces. Therefore tidal volume has a dead
space component and an alveolar component. Dead space ventilation is
about 30—40% of tidal volume and minute volume in a normal patient
breathing a normal tidal volume. Dead space ventilation has a purpose. It
assists in humidifying and tempering inhaled air, and it cools the body, as
in panting. Panting is predominantly dead space ventilation. During
panting, the respiratory frequency increases and the tidal volume
decreases so that alveolar ventilation remains approximately constant.
This is the reason that when animals under anesthesia pant, they very
often wake up. They are not effectively ventilating their alveoli and
exchanging gas well. Often times these patients will be hypercarbic
because they are not able to effectively reduce their carbon dioxide levels.
Slower, deeper breaths are usually more efficient. Certain pieces of
anesthesia equipment can add to the anatomical dead space of a patient by
“extending” its airway. This is called mechanical dead space.
Endotracheal tubes that are too long and extend far beyond the patient’s
nose would be an example. Adding this dead space presents a further
challenge to patients trying to effectively ventilate.

Figure 1.3. Anatomical dead space where no gas exchange takes place.
(Drawing by Melanie Tong.)
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DEAD SPACE
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Monitoring ventilation on patients under anesthesia can be done a number
of ways. Ventilation is assessed in terms of rate, rhythm, and tidal volume.
First of all, a good look at the patient’s chest excursions should be done to
evaluate for quality and effort. Auscultation of the lungs should be
performed prior to sedating or anesthetizing any patient. Normal lung
sounds should be heard on both sides of the chest. Any abnormal sounds
should be investigated prior to moving forward with anesthesia because
anesthetic drugs can depress respiration and ventilation and may worsen
existing problems.

Mucous membrane color should be assessed regularly. The tongue and
gums should be pink. Any change in color, especially blue or purple
tingeing, can indicate hypoxemia.

Spirometers or ventilometers can be used to measure tidal volume and
minute volume. Apnea or respiratory monitors detect the movement of gas
through the proximal end of the endotracheal tube. They sound an alarm
when no gas movement is detected. They provide no information on tidal
volume or the physiologic state of the patient. They can be falsely

39



activated by pressure on the chest or abdomen of the patient or by cardiac
oscillations that cause gas movement in the trachea.

Positive pressure ventilation (PPV) is indicated when an animal cannot
ventilate adequately on its own. This indication may be defined as one or
more of the following: hypercarbia (increased CO2 > 60 mm Hg),
desaturation (SpO2 < 95%) in spite of oxygen therapy, hypoxemia (PaO2
of less than 100 mm Hg on oxygen), or a low observed or measured
minute volume. PPV is always indicated in any surgery requiring an open
chest, whenever paralytic neuromuscular blocking drugs are to be used,
neuromuscular diseases, chest wall problems, abdominal enlargements, or
pulmonary parenchymal disease. Any patient that is to be anesthetized
with potentially increased intracranial pressure should be mechanically
ventilated. Positive pressure ventilation is of great benefit to many
patients, but it is not without potential complications. These can be
avoided with careful monitoring, attention to detail, and a good
understanding of the underlying physiological processes. A major
contraindication for positive pressure ventilation is a closed
pneumothorax, because positive pressure ventilation will make it worse.
Positive pressure ventilation can decrease arterial blood pressure and
reduce cardiac output, especially if airway pressures are consistently more
than 10 mm Hg or if circulating blood volume is low. Artificial ventilation
decreases pulmonary blood flow and therefore may lead to
ventilation-perfusion abnormalities. These depressant effects can be seen
on the arterial wave form during direct blood pressure measurement and
on the waveform when measuring oxygen saturation. It is seen as a
dampening of the wave form following an artificial breath. The changes in
circulatory flow during IPPV are caused by prolonged increases in mean
airway pressures and decreases in CO2 (Muir, et al., 2000). Hypovolemia
worsens these effects.
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The Preanesthetic Workup

Jennifer Dupre
Failing to plan is planning to fail.
Allen Lakelin

The anesthesia workup is essential for successful anesthesia management.
Potential complications that can develop during the preanesthetic,
perianesthetic, and postanesthetic phases are projected in this planning
period. A preanesthetic workup will be of great assistance in developing
the best anesthetic plan possible for each patient. Failure to collect the
information is very likely to have a negative impact on the patient
outcome of the anesthetic event. Each patient will have its own itinerary
that will include signalment; physical exam; diagnostics; ASA status or
risk status; and choice of drugs, dosages, and route of administration. The
plan also will determine choice of monitors and monitoring techniques as
well as special techniques needed, such as local anesthesia, controlled
ventilation, arterial catheter placement, and so forth. Being familiar with
the procedure to be performed as well as the use of the anesthetic drugs,
including their advantages and disadvantages, will keep the anesthetist
alerted to potential complications such as hypotension, hypothermia,
hypoventilation, arrhythmias, and so forth. Begin charting the
preanesthetic workup by referring to Figure 2.1.
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Influencing Factors

Signalment is the first step in planning the anesthesia. It consists of
general information pertaining to the patient including age, breed, species,
and sex.

Information about the client is important, especially phone numbers in the
event of an emergency.

Different species have special considerations; feline species show a
tendency to develop laryngospasm during intubation (Hall et al. 2001). On
the contrary, this complication is unlikely in the dog. Metabolic
requirements vary among species and have a direct influence on dosaging
of anesthetic drugs.

Within the same species, breeds can display specific characteristics that
might be relevant to the anesthetist. For example in dogs, sight hounds
(Greyhound, Whippet, Saluki, Borzoi, and so forth) have little to no body
fat and an alteration of liver enzymes. Both features can impact
metabolism and redistribution of drugs such as the thiobarbiturates; this
results in prolonged recovery. Brachycephalic dogs and cats (Persian and
Himalayan) (Blocker and van der Woerdt 2001) may suffer from upper
airway obstruction syndrome, which could be aggravated by
premedication and/or anesthesia. Although endotracheal intubation is
advised for most species to protect the airways, it is mandatory with this
group of dogs and cats.

Figure 2.1. Flow chart of preanesthetic workup.
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CHARTING THE PREANESTHETIC WORKUP g
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Boxers seem to be sensitive to acepromazine (boxer-ace syndrome) (Hall
et al. 2001). Its administration might cause hypotension and fainting in
that breed. The presence of a higher vagal tone and slower heart rate in the
breed is believed to be the cause of this syndrome. The drug has to be used
with caution in boxers, and its administration must be followed by a very
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close monitoring of the blood pressure. Anticholinergics such as atropine
and intravenous fluids need to be available.

Miniature Schnauzers may develop sick sinus syndrome. The abnormal
cardiac rhythm may worsen with anesthesia, leading to decreased cardiac
output potentially severe enough to cause a cardiovascular collapse. A
preanesthetic electrocardiogram (ECG) may be indicated if the patient has
a questionable history (Seymour and Duke-Novakovski 2007).

Doberman Pinschers can develop von Willebrand’s disease, a coagulation
disorder. Any carrier of the disease should ideally be identified prior to
any surgical procedure with a bleeding potential. Preferably, von
Willebrand’s factor can be checked or a buccal mucosal bleeding time
(BMBT) can be assessed before surgery (Seymour and Duke-Novakovski
2007).

Different genders bring different considerations. A female patient might
be pregnant, and physiological as well as pharmacological characteristics
in both the mother and fetus will have to be considered.

Immature (neonate or pediatric) patients have undeveloped organ function
and have specialized needs. For instance, their small body mass will make
them very prone to hypothermia, and temperature support should be
maintained throughout the anesthesia and into the postoperative period.
Hypoglycemia is another complication observed in neonates because they
have a higher metabolic rate than do adult patients. A mature (geriatric)
patient is more prone to age-related changes in organ function. These
changes are progressive and unalterable.

The behavior of the animal can impact the choice of drugs dramatically.
This is a subjective evaluation. The animal should be observed with and
without the owner. Some owners might make their animal more nervous;
others might be very useful in helping to keep the patient calm during the
initial exam as well as answering any questions related to patient history.

The choice of drug and dose for anesthesia sedation, tranquilization, or
immobilization is largely dependent on the temperament of the species/
breed. Catecholamines (hormones from the adrenal glands) are increased
in stressed patients. This can cause arrhythmias, hypotension, and even
cardiac arrest.
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The existence of a preexisting condition may require additional
diagnostics. A patient with a history of increased thirst and urination may
indicate a renal or endocrine disorder, and organ function will have to be
investigated because behavioral problems could also cause similar
symptoms. Excessive fatigue might be the sign of a cardiopulmonary
disease or might result from arthritis or other conditions and should be
checked. In ferrets, a loss of fur may indicate a change in hormones,
which could be due to a recent ovariohysterectomy or could indicate
adrenal associated endocrinopathy (AAE).

It is important in all cases that pertinent information is obtained. The
following questions can be asked routinely of all clients (Alef et al. 2007):
1. Is the animal intact?

2. What is the food/water intake? (Get actual measurement in cups,
mL, and so forth.)

3. What is the frequency of urination/defecation?

4. Is there any coughing, sneezing, wheezing, and so forth?

5. Were there any previous illnesses?

6. Is there any exercise intolerance?

7. Have there been any recent treatments/medications
(organophosphates, cardiovascular meds, analgesics, herbal
therapies?

8. Are there allergies or adverse reactions to certain drugs?

9. What is the vaccination and heartworm history?

10. Has there been any fainting, seizure-like activity, or signs of
CNS depression?

11. What is the activity level (couch potato or marathon runner)?
12. Has the owner noticed any pain or discomfort in the animal?

Current medication

Good knowledge of the patient’s current medication and the possible
interaction with commonly used anesthesia drugs will help influence
decisions made when planning the anesthetic protocol. This includes
choice of drugs as well as route of administration (oral versus injectable).
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Minimize oral intake of medication during the fasting period and change
to injectable, if possible. If there is concurrent drug use, take precaution.
Organ system function should be evaluated via diagnostic testing.

Antibiotics (AB)

The aminoglycocides (gentamycin) can be nephrotoxic and might also
interfere with normal neuromuscular function. Check renal function
before using such ABs and ensure good kidney perfusion through fluid
therapy and arterial blood pressure monitoring during the procedure.
Avoid using aminoglycocides if neuromuscular blockade is necessary.

Analgesics

Nonsteroidal antiinflammatory drugs (NSAIDs). NSAIDs (meloxicam,
carprofen, deracoxib) are analgesics that inhibit prostaglandin formation
in the inflammatory pathway. Side effects from the use of NSAIDs come
from the fact that some prostaglandins are also important in renal, clotting,
GI, and liver function. Monitor blood pressure closely, provide fluids, and
evaluate chemistry serum profiling prior to anesthesia.

Adjunctive analgesic drugs (AADs). These drugs have varying
pharmocodynamic interactions when used with traditional analgesics
(opioids, NSAIDs, local anesthetics). The effects will involve some of the
same receptors and could potentiate or enhance analgesic action, whether
a patient is in acute or chronic pain. Choose the anesthetic regime
carefully if a patient is currently on one of the AADs (oral, injectable, or
topical) because organ function may already be compromised (liver,
kidney, heart, and so forth).

Cardiovascular drugs

The anesthetist should be familiar with the physiological effect, as well as
the pharmacology, of each of these drugs (positive inotropes, vasodilators,
beta-2 blockers) because they will alter the CV function, such as the heart
rate, blood pressure, stroke volume, and overall cardiac output.
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Phenylpropanolamine HCL

A sympathomimetic agent, which releases norepinephrine by stimulation
of both the alpha and beta-adrenergic receptors, phenylpropanolamine
HCL is used primarily to treat incontinence. Patients treated with this drug
are prone to vasoconstriction, increased heart rate and blood flow,
increased blood pressure, and mild CNS stimulation. Be cautious when
adding drugs in the anesthesia regime that may potentiate these effects (a2
agonists, anticholinergics, positive inotropes, and so forth).

Chemotherapy drugs

It is important to evaluate the possible pharmacokinetic/
pharmacodynamics (PK/PD) interaction of each drug individually with
commonly used anesthesia agents as well as the pharmacologic effects on
each patient. Cancer patients might have various systemic disorders, and
caution is necessary when designing an anesthetic protocol.

Phenobarbital

Phenobarbital is a barbiturate drug used to control seizures. This drug
might potentiate the effect of some anesthetic agents, and dosage needs to
be modified accordingly. Any drugs that might potentiate seizure activity
will have to be avoided. Attempt to eliminate any factor that might trigger
a seizure (stress, pain, and so forth).

Organophosphates

These are insecticides used to treat endo/ectoparasites. They inhibit
plasma cholinesterases and might prolong activity of certain local
anesthetics and potentiate neuromuscular blocking drugs (atricurium,
pancuronium).

Insulin

Diabetic patients have special needs during anesthesia. A modified fasting
protocol, as well as frequent monitoring of blood glucose, should be part
of the anesthesia plan for these patients.
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Physical Exam

A preanesthetic physical exam is required for every patient. Be consistent
in the approach. This may be a head-to-tail or a body systems approach.
All the systems are interesting to the anesthetist, but the cardiovascular,
respiratory, renal, and hepatic are most important. Recognizing abnormal
changes of the body systems during a physical exam will be difficult
unless you are familiar with normal physiological vital signs of individual
species and breeds (Ettinger and Feldman 2006).

Cardiovascular system

When evaluating the cardiovascular system during physical examination,
look for signs of adequate tissue perfusion (Perkowski 2000). The
capillary refill time (CRT) indicates adequacy of perfusion but is not the
most accurate method because many things can affect it. Blood pressure
monitoring is more ideal. By looking and touching the mucous
membranes, a patient is assessed for hydration; normal is moist and pink.

Auscultate heart sounds while trying to identify abnormal sounds
(murmurs) and palpate peripheral pulses. The heart rate should be
auscultated while palpating the pulse and these should match, one heart
beat for every pulse. Below are common pulse locations on the dog and
cat:

* DOG Femoral, tibial, dorsopedal, palmar digital, lingual, caudal
arteries
* CAT Femoral, tibial, dorsopedal, caudal

Pulse pressure (PP) is the difference between systolic arterial pressure
(SAP) and diastolic arterial pressure (DAP). A strong pulse equals a large
PP; a weak pulse equals a small PP. Pulse quality may be similar for two
different blood pressure measurements. The pulse will feel the same;
however, the tonicity of the artery will be different (vasoconstricted,
vasodilated, and so forth).

Cardiovascular disease should be controlled prior to anesthesia. A
diagnosis should be made and a further workup may be indicated to assess
the risk associated with anesthesia. Tools used to diagnose cardiovascular
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disturbances include auscultation (murmurs and arrhythmias), complete
blood count (anemia and thrombocytopenia), diagnostic imaging
(ultrasound and radiography). ECG is a measurement of electrical function
of the heart. This test should be performed if there is a notion of an
arrhythmia or a disease potentially causing electrical changes in the heart.
Situations that might trigger arrhythmias would be trauma, pain,
electrolyte alterations, catecholamine release, hypoxemia, hypercapnia,
certain anesthetics, and myocardial disease.

Cardiac murmurs are classified on a scale of 1-6. A murmur intensity
greater than 3/6 may warrant a workup, which would involve
measurement of the valve function through cardiac ultrasound,
echocardiogram, or possibly radiography (if ultrasound or echo is not
available).

Any patient with cardiovascular disease should be identified, treated if
necessary, and monitored constantly. Intravenous fluid therapy will be
unique to each patient dependent on the type and severity of disease. The
heart is the “fluid pump.” If the pump does not function well, it will not
pump fluid around the body as it should, and it may not be able to process
additional fluid efficiently. Fluid volume as well as type should be
carefully administered.

Dehydration and hypovolemia should ideally be treated prior to
anesthesia. Both might reduce tissue perfusion and ultimately reduce drug
clearance. REHYDRATE anesthesia patients prior to anesthesia.

Respiratory system

The main function of the respiratory system is to allow gas exchange
(oxygenation and COz elimination). The respiratory system is composed
of an upper and lower tract. The upper part of the tract consists of the
nasal cavity, pharynx, larynx, and trachea. Symptoms of diseases
associated with the upper respiratory tract may include sneezing or
snorting. There may be facial swelling or rubbing, nasal discharge, and/or
dyspnea (difficulty breathing). Parts of the lower tract include bronchi,
bronchioles, and alveoli. Open mouth breathing, tachypnea, dyspnea, or
orthopnea (difficulty breathing unless sitting or standing up), as well as
cyanosis, tachycardia, and collapse, can be symptoms of lower respiratory
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tract disease. If these symptoms are found on exam, there is potential for a
decreased ability for the lungs to exchange CO2 for oxygen at the level of
the alveoli. If patients are severely dyspneic during physical examination,
oxygen therapy can be beneficial as long as it does not stress the patient.

Normal function of the respiratory system is examined through
auscultation of all lung fields as well as observing the quality (depth and
rhythm) and rate of ventilation. Wheezes, crackles, and stridor sounds
heard with or without a stethoscope are problematic and can reveal
respiratory tract disease. Moist, pink mucous membranes (MM) with a
CRT of <2 seconds indicate adequate oxygenation/perfusion. Pale MM
can be an indication of hypotension, hypothermia, hypoxemia,
vasoconstriction (from a2 agonists), and low packed cell volume. A red
brick coloring can point to venodilation, blood sludging, hypercarbia, or
endotoxemia.

Arterial blood gases, which include oxygen arterial tension (PaO2) and
carbon dioxide arterial tension (PaCQ32), can be beneficial in determining
the oxygen CO2 exchange. Radiography and/or ultrasound can also be
helpful in recognizing abnormalities within the thorax. It is important to
remember that pain, stress, discomfort, and central nervous system
depression (CNS) can alter the function of the respiratory system and
should be considered if there are abnormalities noted. Almost all
anesthetics are respiratory depressants; therefore, a patient with a
respiratory disorder may need ventilation support during the anesthetic
period.

Renal system

Palpation of the kidneys should be performed for size and symmetry.
Record history and clinical findings such as polyuria/polydipsia (PU/PD)
or vomiting and lethargy. Owners may recognize a strange smell to either
the patient’s breath or urine. Renal serum chemistry, urine specific gravity
(USG), and full urinalysis will help diagnose renal disorders. An azotemic
or uremic (retaining nitrogenous wastes in blood can indicate poor kidney
function) patient is more sensitive to anesthetics and must be stabilized
prior to anesthesia. A postrenal azotemia is severe in nature and usually
associated with a urethral obstruction (blocked cat). Decreased renal
perfusion under anesthesia may worsen preexisting disease. In chronic
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renal failure, there is a multisystemic compromise (anemia, hypertension)
on top of renal dysfunction. Maintenance of adequate perfusion is
essential.

Fluids may be required to stabilize the patient prior to anesthetic drug
administration. Also, metabolism and excretion of anesthetics may be
prolonged; therefore, use drugs that are eliminated quickly (e.g., Propofol)
as well as lower dosages.

Hepatic system

A thorough evaluation of the hepatic system is essential because it
determines how well the patient can metabolize and excrete anesthetic
drugs. On physical exam, record history of lethargy, jaundice
(hyperbilirubinemia), increased thirst, or dark-colored urine. In certain
patients, the abdomen may appear enlarged. Hepatic diseases that may
affect function include infection, toxicity, portosystemic shunts (PSS),
overdose of medication, cancer, and hereditary disease. Progressed disease
may lead to seizure, coma, and death.

Plasma proteins, alkaline phosphatase (ALK Phos), and alanine
aminotransferase (ALT) are diagnostic tests that will help identify the
severity of disease. Animals with PSS will often have increased bilirubin,
bile acids, white blood cell count, and clotting times as well. It is common
with the PSS or patients with hepatic disease to see decreased blood
glucose, albumin, total plasma proteins, and packed cell volume as well.
Diagnostic imaging (DI) can be useful to diagnose obvious abnormalities.
Anesthesia may be required to take fine needle aspirates (FNAs) of the
liver for tissue sampling during ultrasound examination.

Many anesthetics will have prolonged action in patients with hepatic
disease. Highly protein bound drugs with prolonged metabolism
(thiobarbiturates, benzodiazepines) should be used cautiously in liver
dysfunction patients. If there is profound CNS depression as well as
lethargy, dosages can be decreased dramatically. Use short-acting/
metabolizing anesthetic drugs for which recovery does not rely heavily on
liver metabolism (e.g., propofol, inhalants).
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Nervous system

The nervous system plays an essential role in anesthesia management. If
there is an indication of a disorder, such as head trauma or paralysis, a full
neurologic exam must be performed. Some diagnostic testing available for
neurology may require general anesthesia (EEG, computed tomography or
CAT Scan, MRI); therefore, plan the anesthesia regime accordingly.

Evaluate the mental status of each patient because all anesthetics will
cause some degree of CNS depression; drug requirement may be
decreased if there is evidence of such depression. Some nervous system
disorders may require respiratory support (cervical spinal injuries
interfering with the phrenic nerve will alter normal diaphragm movement).
Intracranial trauma or lesions will require close monitoring of CO2,
which, when elevated, can cause intracranial pressure to increase.
Neuromuscular blocking drugs, dissociative agents, some antibiotics, and
local anesthetic techniques may be contraindicated in certain neuropathies.

Gastrointestinal system (GI)

A thorough history from the owner is vital when evaluating the GI system.
Diet, behavior, and duration and consistency of vomiting + diarrhea
should be noted. Electrolytes will be altered with any substantial
losses—particularly a decrease in potassium. Evaluate hydration status on
physical exam. Abnormalities, such as tumors and foreign bodies can be
detected during abdominal palpation. A full CBC and chemistry profile
including electrolytes should be evaluated. Diagnostic imaging can be
beneficial for further assessment of the GI organs. Pain management is an
important part of the protocol because many GI abnormalities that require
anesthesia are likely to be painful. There may be the potential of a
reduction in venous return due to the distension of abdominal organs.
Measurement of arterial blood pressure is essential as well as ventilation;
abdominal pressure may increase pressure to the thoracic cavity causing
hypoventilation.
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Integument system

Common abnormalities found on the skin include ectoparasites, infection
or abscess, masses or swelling, petechiation or bruising (can be an
indication of a clotting problem), alopecia (may be endocrine
dysfunction), and fungus. Skin scrapings/slides can be prepared to help
identify certain fungi, parasites, and bacteria; histological examination of
abnormal cells can indicate types of cancer (melanoma, sarcoma). It is
important to identify the cause of the abnormality, although identification
may not alter anesthetic protocol. The approach to disinfection may be
altered. Sterile saline may be used in place of rubbing alcohol, intravenous
catheters should be placed in nondiseased skin (if possible), and local
anesthetic techniques may be contraindicated (epidural, infiltrative line
block, and so forth). The use of gloves can be beneficial to both you and
the patient.

Endocrine system (ES)

Suspicion of endocrine disease should be investigated with a full physical
exam as well as CBC, chemistry (including BG and electrolytes),
urinalysis, ECG, radiographs, and ultrasound. The endocrine system
influences many of the body systems as a whole, and management of a
patient with an ES disorder is multifactorial. Any metabolic disturbance
should be corrected or stabilized prior to anesthesia. Diseases of this
system may include one or more of the following: diabetes mellitus,
insulinoma, Cushing’s disease, Addison’s disease, thyroid disorder (hypo/
hyperthyroidism), hypo/hyperadrenocortism, adrenal-associated
endocrinopathy (ferrets), and hypo/hyperglycemia.

Overall body condition

Evaluate overall body condition. This includes body weight, temperature,
age, gender, and possibility of pregnancy. It also includes hydration status
and pain assessment.

A dehydrated patient must be stabilized prior to anesthesia as this can
increase drug uptake, metabolism, and clearance. Hypovolemia can affect
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cardiovascular function. Use skin turgor, eyeball position, moisture of
mucous membranes, the simple lab tests, packed cell volume, total solids,
and azo stick to determine hydration status. Body temperature can indicate
disease and/or stress. Overall body condition can be altered by age.
Although age is not a disease, the risk status increases as certain disease
processes are expected in older patients.

Figure 2.2 Scale used to assess body scoring.

1 4.5

5 \ e

Cachectic Ideal Oz

Pain and discomfort should be assessed before, during, and after
anesthesia whether an animal is in pain or not. This will provide baseline
values. Body conditioning should also be noted. Extremely fit patients
may have very low resting heart rates. Body scoring can provide
information on overall system function due to weight changes such as
obesity and cachexia. If an animal has a chronic disease, body scoring will
reveal how severe the disease is. Obese animals will have more
cardiopulmonary stress (potential difficulty with ventilation and tissue
perfusion) due to the excessive weight on system organs, while the
cachectic patient will have minimal reserves and are at risk for
overdosage, hypoglycemia, and hypothermia. The scoring is based on a
number scale of 1-9 (Fig. 2.2). Normally, drug dosages and ventilation
tidal volumes should be based on lean body weight.

ASA—American Society of
Anesthesiologists

After obtaining all pertinent exam information on your patient, an
anesthetic plan can be developed based on an ASA status (Fig. 2.3). This
status is designed to help the anesthetist determine a risk category for each
patient undergoing general anesthesia.

55



ASA status—examples

CLASS I—<castration, ovariohysterectomy, diagnostic orthopedic
radiographs, dental prophylaxis

CLASS II—pediatric or otherwise healthy geriatric patients, cruciate
repair

CLASS III—blocked cat or goat; some cardiac diseases; fracture with
pulmonary contusions; a depressed, anemic dog OHE with a pyometra

CLASS IV—cat that is in liver failure, shocky patients, hemoabdomen,
uncompensated heart disease

CLASS V—severe shock, massive hemorrhage, massive trauma, ruptured
colon in a colic case

Figure 2.3 Scale used to assess ASA status.

ASA STATUS

I- Minimal risk of a healthy patient
II-  Slight risk w/ slight to mild systemic change
III-  Moderate risk w/ systemic change & some clinical alterations

V- High risk w/ preexisting disease; surgical intervention may
preserve life.

V- Extreme risk where patient has little chance of survival w/ or
w/o surgery

E-  Attached to an individual class if an emergency

An “E” denotes an emergency. The “E” should be placed next to the ASA
class if the procedure requires anesthesia immediately (e.g., ASA IV E).

56



Preanesthetic Diagnostics

Preanesthetic laboratory tests should be performed on patients suspected
to be at an increased risk status. This may decrease or eliminate
unexpected complications. If stabilizing is necessary, diagnostics can
guide therapeutic techniques. These tests are usually dictated based on
availability, cost, environment, and patient-related factors (breed, age).
There is evidence that in animals under 6 years of age, diagnostic tests
may not be necessary (Alef et al. 2007). To minimize anesthetic risk, the
following sections present recommendations for a basic minimum
database and advanced diagnostic testing.

Basic minimum database (BMD)

* <6 yrs of age: PCV, TP, BUN, creatinine, ALT, Alk Phos, blood
glucose (These 7 tests can detect many diseases.)

Advanced diagnostic testing (ADT)

* >6 yrs of age or systemically compromised: Full CBC, chemistry
profile as well as other diagnostic tests may be required. If any
disease is suspected or the BMD is abnormal, further testing may
be indicated.

PCYV (packed c ell volume)—whole blood

This is an indicator of hydration. It will give you information on the
patient’s oxygen-carrying capacity. Minimum PCV for preop is 27-30%.
The minimum intraop is 20%. The maximum is 60% (patient’s cardiac
output is reduced in half when blood viscosity doubles). The delivery of
crystalloid fluids can hemodilute an already low PCV and so should be
used judiciously. A whole blood transfusion may be necessary for patients
with a PCV less than 20%.
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TP or TPP (total plasma protein)

The TPP will affect the patient protein binding ability. A patient with a
low TPP (hypoproteinemia) will have fewer protein molecules for the
drug to bind to, thus increasing the amount of free drug and its potency.
An increase in TPP may indicate dehydration in a patient.

CBC (complete blood count)—whole blood

This will include PCV, TPP, and hemoglobin but also will provide
information about the red and white blood cell counts. An alteration in
white cell count may indicate stress or infection. CBC should also include
a count of platelets, which will reveal information about clotting ability.

USG (urine specific gravity)
centrifuged urine

The USG is used to assess tubular function of the renal system.

BUN and creatinine

These serum tests are used to help diagnose renal insufficiencies.

Aminotransferases: alanine a minotransferase
(ALT), a spartate a minotransferase (AST)
serum, alkaline phosphatase (alk phos)

serum

These serum tests are used as sensitive indicators of liver disease.

Blood glucose

Blood glucose is an inexpensive, quick test that can be used on patients
having anesthesia or patients suspected to have disorders of the glucose
homeostasis (diabetes mellitus, insulinoma). Neonates, pediatric patients,
and patients with disease (sepsis, PSS) should be screened as well. Be sure
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to obtain the blood sample from veins that do not contain substances such
as glucose-containing fluids and/or any other medication.

Full chemistry profile—serum

There are a variety of tests that assess organ function and disease. A full
chemistry profile includes renal, hepatic, and endocrine tests as well as
blood glucose, and it may include electrolytes.

Additional Diagnostics

Additional tests are available for further evaluation of specific disorders.

Coagulation profile

Any animal that may be suspected of having a bleeding abnormality (a
Doberman or an animal with liver disease, coagulation disorder, and so
forth) should be tested with coagulation profiling. Patients undergoing
elective procedures may need to be rescheduled until more stable. If the
procedure is an emergency, blood products (plasma, cryoprecipitate) can
be made available to treat coagulation disorders prior to anesthesia.

Buccal mucosal bleeding time (BMBT)

A bleeding disorder is most likely due to inadequate platelet numbers or
improperly functioning platelets. These do not involve the coagulation
factors. Coagulation factor deficiencies will not cause a prolonged
bleeding time. In small animals, a small incision is made with an
“automated incision” (devices available on the market for purchase) on the
inside of the upper buccal mucosa. The small wound begins bleeding and
is timed. Filter paper is used to blot the blood. When the bleeding has
ceased and a clot is formed, the time is stopped. The time from beginning
of bleeding until clot forms is the BMBT. This test is a crude evaluation of
the ability of the platelets to form an initial plug in a wound. A normal
BMBT is < 3 minutes. If the patient is sedated or under general anesthesia,
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the BMBT is expected to be <4 minutes. Abnormalities that may cause a
prolonged BMBT include acquired platelet function defect and
disseminated intravascular coagulation (DIC).

Platelet or thrombocytopenic count

A platelet count is usually part of the CBC but can be done individually if
the full CBC is not performed. If there is any indication of a clotting
disorder, the platelets should be counted. Normal platelet count in a dog is
about 150,000 to 450,000 platelets per microliter (X10_6/L) of blood. If
platelet levels fall below 100,000 per microliter, spontanecous bleeding can
occur and is considered a life-threatening risk. Bone marrow disease such
as leukemia or another cancer in the bone marrow, as well as certain
ectoparasites, can cause thrombocytopenia. These patients will often
experience excessive bleeding. Whole blood products are considered
when stabilizing these patients prior to anesthesia.

Full urinalysis

This can reveal diseases that are not uncovered by other tests because the
patient does not have signs or symptoms. Examples include diabetes
mellitus, glomerulonephritis, and chronic urinary tract infections (UTI).

Electrolytes

The following serum tests provide information on the essential
electrolytes in the body.

Potassium (K+)

This positively charged electrolyte will generate electricity, contract
muscles, and move water and fluids within the body. Intracellular
osmolality is controlled through K. The kidneys will filter and excrete
potassium. If a patient retains K, they can become hyperkalemic (when
glomerular filtration rate slows down in renal disease, a patient may not be
able to excrete potassium properly).
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Sodium (Na*)

Sodium is a positive ion that is responsible for generating electricity,
contracting muscles, and moving water and fluids within the body.
Na'influences the maintenance of osmotic pressure of extracellular fluid.
Any type of fluid loss will cause an increase in Na* (hypernatremia), such
as vomiting, diarrhea, burns, peritonitis, and fever.

Calcium (Ca™)

Calcium is a positive electrolyte that affects neuromuscular performance
and contributes to skeletal growth and blood coagulation. A hypocalcemic
patient may have a cardiac contraction deficiency.

Magnesium (Mg+)

Magnesium is a positive electrolyte that influences muscle contractions
and intracellular activity.

Chloride (CI')

Chloride is a negative electrolyte that helps regulate blood pressure.

Phosphate (HPO4 )

Phosphate is a negative electrolyte that impacts how the body metabolizes
and regulates acid-base balance and calcium levels.

Bicarbonate (HCO3 )

Bicarbonate is a negatively charged electrolyte that keeps the acid-base
status of the body in balance and assists in the regulation of blood pH
levels. Bicarbonate insufficiencies and elevations cause acid-base
disorders.
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Diagnostic imaging

Radiography

Radiography is the most popular method of obtaining information through
imaging. It is used to assess size and shape of the internal organs; any
fluid, air, tumor, or misshapen organ (mass, GDV, genetic disorder); and
bone formation/fractures.

Ultrasound (US)

If there is evidence of disease on radiographs, US (echo, sonography,
ultrasonography) can be beneficial because it is a safe diagnostic imaging
technique used to visualize internal organs for size, structure, and any
pathological change. Internal images and organ sections are visualized.
Oxygenated and deoxygenated blood flow of each internal structure can
be evaluated as well. US is often used in place of radiography to
determine diagnosis of abnormalities.

Arterial blood gases

This is a test to assess respiratory function, and it will provide information
on the patient’s oxygenation and ventilation status. It will give body pH as
well as provide some information on metabolic function.

Electrocardiogram (ECG)

The heart’s electrical system controls timing of the heartbeat by regulating
heart rate and rhythm. An ECG will measure the electrical function of the
heart but not the mechanical function. Anything interfering with the
normal rhythm of each patient’s heart should be evaluated with an ECG
prior to anesthesia.
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Endocrine testing

Any animal revealing thyroid dysfunction may require additional workup
including thyroid function tests. Hypothyroidism is associated with a
decreased metabolism and is seen commonly in dogs. Anesthetic drug
dosages will be altered (decreased) dramatically if this condition is not
stabilized in the patient prior to anesthesia. A patient may be seen with
low heart rates, low blood pressure, and prolonged recoveries. An
overactive thyroid (hyperthyroidism) is common in cats and they will have
an increased metabolic state. Risks associated with this condition are
increased workload on the heart and patients may be cachectic or
underweight. Hypertrophic cardiomyopathy can develop if not treated.

Conclusion

After completing a history, physical exam, and diagnostic testing, develop
an anesthesia protocol based on the findings specific to that patient. Refer
to the organ systems chart in Figure 2.4. Use all information available and
keep a good record of each patient. Provide evidence of your plan on a
preanesthetic workup document. The acronym “SOAP” is used for a
preanesthetic evaluation short form; see below for definition. The author
recommends using a form similar to Figure 2.5 to chart your findings.

SOAP

Subjective: Behavior, pain assessment
Objective: Physical exam and diagnostic findings
Assessment: ASA status (I-V) + E

Plan: Anesthetic protocol

Figure 2.4 Organ system chart describing common disorders, diagnostics,
and concerns pertaining to anesthesia. FB: foreign body; ARF: acute renal
failure; CRF: chronic renal failure; DZ: disease; PSS: porto-systemic
shunt; IBD: inflammatory bowl disease; CBC: complete blood count;
Chem: chemistry; DI: diagnostic imaging; USG: urine specific gravity;
TP: total protein, BMBT: buccal mucosal bleeding time; ECG:

63



electrocardiogram; CV: cardiovascular; O2: oxygen; CNS: central nervous
system.

Organ System | Cardiovascular | Respiratory Renal Hepatic Mervous al integument | Endocrine
Common Murrurs, Pheumonka, ARF, CRF Infection Selzures Vomiting | Parasiles Diabelas
Disordars Anhythmias | Asthma, Endocring DZ | Viral Infaction Diarrhea | Infection Insulinoma
Hypovolemia g;ﬁ'awc Nephrotoxin | Toxin, Drug | Tumor FB Wiral, Cushing’s
:"TWJ:WO— prlalnsla Diabates Owardosage | Hydro- Tumor Fungal AdISEN's
onsio Glomerulo- Hereditary | cephalus 180 Cancer Thyrold &
Myotardial FB, BONChis | panhnis Pss Teauma Pario- Aopacia Adrenal DZ
d5aase
Pulmonsary dortal
Urathral Pain
Dehydration adema Obstruction disease
Heart falure | Tacheal
collapse
Diagnostics | CBIC, Chem Blood Gases, | CBC, Chem | CBC, Chem | CBC, Chem | CBC, CBC, Chem | CBC. Chem,
Avallable Blood Gases, CBC, Chem Urinalysls w/ TP, Albumin | ECG, DI Chem, DI | Skin Spacific
Electrolytes, DI, | I, Puise usa, coagulation | Biood Electo- | scraping | endocrine
Blood Pressure | Qximatry Elecirolyles. | profie, Gasos Iytes: Uliraviolet | "s0ng. DI
Platelets, Meuro Exam light Electrolytes
BMBT.DI | pain Scoring Histology
Elactrolytas: Bactarial
culture
Concems Usedrugs w/ | Hypoxemia, 1 perfusion, | Useshor CNS Hypo- Wear gloves, | Electrolyls
Peraining to | minimal CV Hypercarbla, | Electrolyte acting drugs | Depression, | volernla, | cautien Imbalances,
Anesthesia oBprassion Acidosis, Use | Imbalance Delayed Salzures, Special using local | Amhythmias
such as short acting Hyperkalemia | metabolism. | coma, fhuid anesihalics, | ARF, CRF,
Berzodiaze- | drugs w/ Cauionw! | Exannoraten| MO | May use CV Instablity
penes, Oplolds, | minimal prodain o Risk of atarnative Slow
ponse o
Elomidata, sedation, binding drugs aspiration, | gisinfection recovery
Hypotansion, | Reduce stress, dnugs, Impaired | techniques
Arrhythmias, | Provide Ojas Bleeding, Moty
Anemia neadad, May Stow
naed o recovary
provide IPPV

Figure 2.5 Preanesthetic document used at Ross University School of
Veterinary Medicine, St Kitts.
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AMESTHESIA "S0AP” FORM

DATE: SIGMALMENT
ANESTHETIST MAME
SURGEONIASSIST. SPECIES
PROCEDURE. BREED
BODY WEIGHT (Kg) SEX
AGE
SUBJECTIVE MARKINGS
FINDINGS COLs
havier)
OBJECTIVE FINDINGS
Tormp Puke Rusp. LARWORE
%n oY e
Mureours Color,
Capilary Refil Time. e
plratary
ASSESSMENT assastatus ¢+ o o wm v v E PRIOR ANESTHESLA
History! Current Meds Dates:
Complications:
PLAN ANESTHESIA REGIME Advantages/Disadvantages
Doy Rote Dosaga mg ml
Premmeds
nauCTon

COMPLICATIONS ANTICIPATED: jpro-op, ina-0p. postop-aonsiier oge, body Wi, bresd, poson, sumical procedurs, physioa! sfatus)

ADMINISTRATION SET MONITORING
10dropsimil O 20 dropsiml O 50dvop u] (eincie)
¥ FLUID TYPE Doppler Angtal Ling
Doss mithr, Dreps per ECG Capnograph
Esoph Stethoscope  Pulble Oudmansr
Temg. Probe =20
Blood Gas Ctaar
APPROVED: -
Drugs Recetved ! Drugs Wasled !
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Mathematics and
Calculations for the
Veterinary Anesthetist

Sharon Johnston

Anesthetic agents are dose-dependent. To administer an effective dose, the
anesthetist must be able to perform basic mathematical calculations.

The most common error in drug administration is using the wrong
medication or a medication with the incorrect concentration. To ensure
patient safety, it is essential that the veterinary anesthetist develop the
knowledge and skill to accurately write, read, interpret, and carry out drug
orders (Bill 2000). The following are the seven rights of medication
administration (Booth and Whaley 2007):

1. Right Patient

2. Right Agent

3. Right Dose

4. Right Route

5. Right Time

6. Right Technique

7. Right Documentation
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The Basics: Metric System

Conversion of units requires the use of a “conversion factor,” which is any
equivalent equation in which the known and the unknown units are
involved (Tables 3.1-3.4) (Bill 2000). You must set up a proportion of
values on either side of the equation.

Conversion factor
with same
units as unknown

Known value unit  Conversion factor
with same
units as known

Unknown unit

50 pounds = X kg

Cross-multiply and divide.

Xkg 1 kg =50=22X

50 pounds 2.2 pounds

Solve for X

50=22X 50 22 =227 kg
22 22

50 pounds = 22.7 kg

Table 3.1. Weight.

Unit Fraction Symbol

Kilogram | 1000 grams kg

Gram 1000 milligrams g

Milligram | 1/1000 of a gram mg

Microgram | 1/1,000,000 of a gram | pcg or pg

Table 3.2. Weight.
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Unit Fraction Decimal Symbol

Kilo 1000 k
Dieci 10 0.1 d
Centi 1100 0.01 C
Milli 1/1000 0.001 m
Micro 1/1,000,000 0.000001 n

Table 3.3. Volume.
LInit Amount Symbaol
Liter = 1000mL L
Milliliter = 0.o01L mL
Microliter = 0.0000017 L mcl or ul

Table 3.4. Common unit conversions.

1 kilogram | =|2.2 pounds

1 teaspoon |=|5mL

1 tablespoon |=| 15 mL

1 grain =160 mg

Percentages

Percent can be expressed as “out of 100” or “for every 100.” For example:
25% can be written as
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25

=0.25
100

The decimal point can be moved two places to the left to achieve the same
calculation.

25%=250=2 5 .0=0.25

Agent strength as percent solution

Agents with the dose listed as a concentration percent represent grams in
100 mL.

Lasix as a 5% solution has a concentration of 50 mg/mL.

Sgrams _ 5000 mg 5008 mg

100 mL 100 mL 188 mL
_ 50mg

1 mL

5% means

Lidocaine as a 2% solution has a concentration of 20 mg/mL.
2grams 2000 mg 2086 mg
100mL ~ 100 mL 100 mL

20 mg

1 mL

29 means

The decimal point can be moved one place to the right in any percent
solution to discern the mg/mL concentration.

5?’)’:} = 5.{'{} = 5.{} D = 5{}.{} = 5{} mgfl‘ﬂl
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Agent Dose Calculation

The dose is the amount of the drug administered. It is generally calculated
using the animal’s lean body weight.

Concentration is listed on the drug package or in the package insert.

Agents should be recorded using the generic name where possible, such as
in the following examples:
carprofen (generic) bupivicaine (generic)

Rimadyl (Brand)  Marcaine (Brand)

To calculate a dose of an agent you can use the following:

Patient weight (kg) x
dose of agent (mg/kg)

- . . , = mL of agent
Concentration of agent (mg/mL)

Example: To administer 2 mg/kg of an agent with the concentration of 10
mg/mL to a 22.7 kg dog:

22.7kgx2 mg/kg _ 45.4mg _ 4.54 mL

10 mg/mL 10 mg/mL

Using an Excel Worksheet
for Drug Calculations

An Excel worksheet can be set up as in Table 3.5 to calculate basic agent
doses. The formulas displayed should be entered in the D2 cell and E2
cell.

Use the following website for anesthesia agent calculations:

vet-medicine.net/vetmednet/index.php?pageid=5011
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Calculating fluid drip rates

IV administration sets are calibrated to a set number of drips equal to 1
mL:

Macrodrip 10 drops/mL
Macrodrip 15 drops/mL
Microdrip 60 drops/mL

To administer a set amount of fluid over a set amount of time:

Volume to be infused

dripset rate .
P = drops/minute

Time of infusion in minutes

Example: To administer 150 mL using a 15 drop/mL dripset

150 mL x10 3 1500 mL
60 minutes 60 minutes

= 25 drops/minute

To calculate the milliliters per minute rate, divide the drops per minute by
the dripset rate:

25 drops/minute
10 drops/mL
{Dripset rate)

= 2.5 mL/minute

Example: To administer 150 mL using a 15 drop/mL dripset
150 mL=x15 2250 mL

60 minutes 60 minutes

= 37.5 drops/minute

Table 3.5. Worksheet for calculating doses.

A B C D E
1 Patient Agent dose (mg/kg) Agent concentration Agent to be Agent to
weight (kgh (mgimlL) administered img) administer {mL)
2 22.7 20 10,0 45.4 4.5
' = SUMIAZ*B2) = SUMID2/C2)

72



Table 3.6. Worksheet for fluid calculations.

A B (s D E

1 Fluids to be Dripset rate Time to administer Drops/minute mL/minute
administered (mL) drops/mlL (minutes)

2 150 10 60 25 2.5
t =SUM(A2*B2VC2 =5UMID2/B2)

37.5 drops/minute :
a Ps) = 2.5 mL/minute

15 drops/mL
(Dripset rate)

Example: To administer 150 mL using a 60 drop/mL dripset
150 mLx 60 9000 mL

60 minutes &0 minutes

=150 drops/minute

150 drops/minute

60 drops/mL
(Dripset rate)

= 2.5 mL/minute

Using an Excel Worksheet
for Fluid Calculations

An Excel worksheet can be set up as in Table 3.6. The formulas displayed
should be entered in the D2 cell and E2 cell.

Preparing a % Solution

A proportion equation can be used to prepare solutions with a designated
percent of an agent.
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Example: Your orders state to deliver a 5% dextrose solution to the
patient. You have a 1 L bag of NaCl and a bottle of dextrose with a 50%
concentration.

First calculate that a 5% solution requires 50 mg/mL of dextrose. You
have a 1000 mL bag. X represents the unknown amount of mg needed in
1000 mL to deliver 50 mg in 1 mL:
50mg X mg

ImL 1000 mL

Cross-multiply and divide:
X =50,000 mg

If the dextrose solution on hand is a 50% solution, it contains 500 mg/mL.
You need to add 50,000 mg to the 1000 mL fluid bag. By dividing the
amount needed by the concentration of the agent, you will find you need
100 mL of 50% dextrose.

You must remove 100 mL of the NaCl from the fluid bag and then add the
100 mL of 50% dextrose, which will give you 50 mg of dextrose in 1 mL.

Example: Your orders state to deliver a 5% dextrose solution to the
patient. You have a 1 L bag of fluids that currently is a 2.5% solution of
dextrose and a bottle of dextrose with a 50% concentration.

Y our proportion equation would look like the following:

50 mg =X mg
ImL 1000 mL

Constant Rate
Infusion—CRI

CRI is used to administer an agent over a period of time in order to ensure
that the medication achieves and sustains therapeutic concentrations while
avoiding unnecessarily high peak concentrations and their subsequent
toxic reactions or side effects (Bill 2000).
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Administering an Agent by
Adding the Agent to IV
Fluids

To calculate the amount of agent to add to a bag of fluids for a CRI the
following formula may be used:

R (CRI rate)
% _ mg/kg/hr Diluent volume
Amount (ml) of = ———— x
ml/kg /hr (mls)

agent to add
& (fluid rate)

To set up a 1000 mL fluid bag with MLK (post op dose) for a patient
using the above formula:

Morphine

- 0.1 mg/kg/hr

= = %1000 mL bag of fluids
2 mL/kg/hr

X=0.05x1000

X = 50 mg of morphine

X =50 mg/15 mg/mL=3.3 mL
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Ketamine

X = 0.18 mg/kg/hr
~ 2mL/kg/hr

% 1000 mL bag of fluids

X=0.09x1000
X = 90 mg of ketamine

X =90 mg/100 mg/mL = 0.9 mL

Lidocaine
_ Smg.-—kghr % 1000 mL bag of tluids
2 mL/kg/hr
X =1.5x1000

X =1500 mg of lidocaine

X =1500 mg/20 mg/mL = 75 mL

To assemble the CRI in a 1000 mL bag of fluids:
Morphine 3.3 mL = 0.05 mg of morphine/mL
Ketamine 0.9 mL = 0.09 mg of ketamine/mL
Lidocaine 75 mL =1.5 mg of lidocaine/mL
Total 79.2 mL

Remove 79.2 mL of fluid from the 1000 mL bag and add the three agents
in doses calculated. Administer the combined fluid/agent combination at
the fluid rate of 2 mL/kg/hr.

Example: Administering the above assembled bag of fluids with agents
added will administer the following agent amounts at the fluid rate of 2
mL/kg/hr to a 22.7 kg dog:
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22.7 kg x 2 mL/kg/hr = 45.4 mL/hr

Morphine= 0.05 mg of morphine/mL x 45.4 mL
=2.27 mg/hr

Ketamine = (.09 mg of ketamine/mL x 45.4 mL
= 4.08 mg/hr

Lidocaine= 1.5 mg of lidocaine/mL x 45.4 mL
= 68.1 mg/hr

Remember! To increase the patient’s fluid rate, DO NOT increase the
CRI; a secondary set of fluids should be used.

References

Bill, R. 2000. Medical Mathematics and Dosage Calculations for
Veterinary Professionals. Ames, IA : Blackwell Publishing.
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‘Web Resources—CRI Calculators

The Veterinary Anesthesia Support Group has a wide variety of
calculators at www.vasg.org/resources_& support material.htm#item3

Barber Vet has a pop-up calculator on their website at
www.barberveterinary.co.uk/CRICalculation.htm
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Records and Record
Keeping

Heather Dulong

The veterinary medical record is comprised of many forms and logs that
account for the management and care given to our veterinary patients.
Among these is the anesthetic log or record. Having moved out of the
Stone Age where monitoring consisted of someone’s foot tapping to the
beat of the heart and the anesthetic record reflecting this simplicity,
today’s advancements in veterinary medicine have greatly increased the
amount of information available to us during the anesthetic period. Not
only is it important in the support of patient care, but the anesthetic record
also serves as a legal document. The value that we place on our beloved
pets today has prompted these advancements as well as the legal issues
that may be lurking in wait.

The Anesthetic Record

The anesthetic record serves as a literal witness to significant events and
physiological changes that occur during the anesthetic period. It acts as a
reminder of the parameters that need to be assessed and prompts the
anesthetist to continuously stay vigilant in evaluating the patient. The
level of information recorded is dictated by the complexity or simplicity
of the case. The amount of information documented should increase as the
level of monitoring increases.

78



Information that should be included in the anesthetic record:
1. Patient and client identification
. Date and procedure
. Preoperative physical evaluation and ASA status
. Previous and current medications
. Previous anesthetic episodes
. Laboratory results (BUN, PCV, TS, ALT, Glucose, and so forth)
. Drugs administered (dose, time, and route)
. Parameters monitored (HR, RR, BP, temp, and so forth)

. Significant events (Example: estimated blood loss, fluid bolus,
complication, treatment, response)

O 0 9 N L B~ WD

10. Supportive therapy (dobutamine, fluids)
11. Endotracheal tube size and anesthetic circuit used

The anesthetic record is probably the most involved and complex form
found within the patient’s medical file. It is generally found in a grid
format with a 5-minute interval timeline going across the top and a left,
downward column wused to record the patient’s data, inhalants
administered (oxygen, anesthetic gas, nitrous oxide), fluids given, and
drugs used. Although no symbol or symbols are standardized, the
right-side-up and upside-down letter Vs are commonly used to represent
systolic and diastolic blood pressure. Other symbols such as Xs, dots, and
circles can be used to indicate heart rate, end tidal carbon dioxide,
temperature, and pulse oximetry (Fig. 4.1). Graphing of symbols allows
the anesthetist to quickly recognize trends and adjust anesthesia
accordingly. Recording the patient’s vitals in a graph format also allows
other personnel to quickly evaluate and continue proper anesthetic
management of the patient.

The anesthetic record should extend to include a recovery form to ensure
that continued monitoring is provided during transfer of care. Like the
anesthetic log, the recovery form should mirror the complexity or
simplicity of each case (McCurnin, Bassert 2002).
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The automated anesthetic record

The very important job of recording and graphing information can,
admittedly, be a tedious task. It can also be difficult to decipher such a
large amount of information in the confining typical grid format. In the
human medical field this has been resolved with the automated anesthesia
record (AAR). This automated system uses a computer to collect data
obtained directly through monitoring equipment attached to the patient,
creating a hands-free recording of the patient’s vital signs. During an
uneventful anesthetic period, documenting vital signs manually can be
done easily. However, during an emergency situation it is almost
impossible to manually record every event without neglecting the patient.
The AAR system allows greater attention to be given to the patient while
maintaining an accurate record.

The legal document

Whether electronically or handwritten, human or veterinary, the anesthetic
record serves as a legal document subjected to subpoena. Every year,
countless numbers of disciplinary actions are brought against veterinary
professionals for failing to maintain complete and accurate records. For
example, between the years of 2001 and 2003, 53% of the disciplinary
actions taken by the Florida Board of Veterinary Medicine involved
inappropriately maintained medical records (Lacroix 2006).

Proper documentation can make the difference in potential malpractice
litigation. When something unexpectedly goes wrong, the grieved or
angry client will sometimes look for someone to blame. Although not
required by law, the signed anesthesia/surgery consent form documents
the clients understanding of the anesthetic and surgical risks.

The value of the anesthetic record can often be underestimated. It’s this
blasé attitude that can lead to a more time-consuming legal battle when an
appropriately documented record could have prevented the issue from the
start. It is important that the anesthetic record is legible and is accurately
stated. There should be no whiteout or scribbling out of any mistakes
made. Instead a single or double line should be drawn through any
mistakes and initialed. Pencil should not be used and although there is no
legal standard on the color of pen, black is typically the color of choice.
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Depending on the state, records should be kept for a minimum of 3 to 5
years (Pettit 1994).

Recording every single event during the anesthetic period can prove to be
impossible, especially during a time of crisis when the patient should have
priority over record keeping. It is important though to write down the
chain of events as soon as possible. It is far better to document
retrospectively than it is to not document at all. Any court of law would
understand the position of a patient’s needs taking priority over record
keeping in a time of crisis (Powers 1994).

Record Keeping of
Controlled Substances

All controlled drugs are regulated by the Drug Enforcement Agency
(DEA), which is responsible for enforcing the 1970 Controlled Substances
Act. This Act states that all controlled substances be properly documented
when ordered, received, and used within any and all veterinary facilities
(Bill 2006; McCurnin and Bassert 2002; Pettit 1994).

Figure 4.1. The handwritten anesthesia monitoring grid. (Courtesy of
Sharon Johnston, VTS, Anesthesia, AVTA webmaster.)
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Figure 4.2. Controlled drugs and log.
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When dispensing controlled drugs to a patient in the hospital, it’s
important to include the following information in the drug logbook (Fig.
4.2):

1. Patient’s full name and identification number

2. Date and name of drug, including dose in mL and mg

3. Initials of the individual drawing up the drug as well as the doctor
overseeing the case

The logbook should be maintained with bound pages containing
sequentially printed page numbers. This type of system, unlike that of a
three-ring binder, makes it hard to alter any information that would render
the record an untrustworthy document.

Computer systems with software that allows minimal editing of entries
and uneditable notes of any changes made to preexisting entries can also
be used to legally document controlled substances. These systems should
not allow any deletions or alterations of records without the traceable
fingerprint of such acts.

Records of dispensing, ordering, and receiving controlled drugs are
required by law to be kept for a minimum of 2 years and should be easily
accessible. Be aware that certain states may impose their own regulations
in addition to those already established by the Act. Some states require a
paper document or hard copy when a computer system is used. To find out
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more about what your state requires you can contact the American
Veterinary Medical Associations (AVMA) as well as your local DEA
office.

Summary

The anesthetic record is crucial to the successful management of the
anesthetic patient. Whether manually or electronically written, its medical
and legal value is directly related to the accuracy and thoroughness in
which it is compiled. Much like the anesthetic record, the controlled drug
log should represent the same diligence in documentation. All medical
records are viewed as an integral part of the veterinary field and, as such,
their value should never be underestimated.
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Preanesthetic Preparation

Connie Warren

After the patient has been worked up and a protocol has been chosen and
approved by the clinician in charge, the next step is to prepare for
anesthesia. The importance of preparation cannot be overemphasized. A
thorough patient workup will help to make sure all of the possible
complications have been anticipated. It is vital to have the appropriate
supplies close at hand because it may be impossible to retrieve forgotten
items when the patient requires immediate attention.

First, make sure all of the anesthesia equipment and monitors are set up
properly and are in good working condition. Anesthetizing a patient
without first checking the equipment is like starting on a trip across the
country in your car without checking the oil—it might be possible to make
the whole trip without incident, or the engine may blow before you finish.
Make sure the anesthesia machine is in good working condition. Confirm
that it does not have any leaks by performing a pressure check. It is very
difficult to maintain a steady plane of anesthesia if some of the gas is
leaking out of the machine, and this also poses a safety issue because
personnel may be exposed to waste gas. In addition, a leak will also make
it extremely difficult to mechanically ventilate a patient because positive
pressure will not be maintained.

To perform a pressure check of an anesthesia machine, close the pop-off
valve, place a thumb or another rebreathing bag over the end of the “y”
rebreathing tube, and fill the system with oxygen by either using the
oxygen flush valve or by turning the oxygen flow meter up until the
pressure reads 30 cm H2O (Fig. 5.1). Turn off the oxygen, and watch the
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pressure meter. The pressure should hold steady and not decrease for at
least 10 seconds (Hartsfield 2007).

After establishing that there is no leak, open the pop-off valve and squeeze
the rebreathing bag empty before unblocking the end of the Y-piece (Fig.
5.2).

The high pressure in the system can create a vacuum, of sorts, and if the
thumb is removed before releasing the pressure in the system, it can cause
some of the carbon dioxide (CO3) absorbent to be sucked up into the
Y-piece, which could end up in the patient’s lungs. Empty the rebreathing
bag before unblocking the Y-piece to reduce the exposure to anesthetic
gases left in the Y-piece from previous use and also to ensure that the
pop-off valve does not inadvertently get left closed.

Figure 5.1. Pressure-checking the machine prior to use.
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After successfully pressure checking the anesthesia machine, check the
vaporizer to make sure it has enough liquid inhalant. Next check to make
sure the CO2 absorbent is fresh. The absorbent granules should be soft and
crumble easily if they are fresh. Exhausted absorbent is hard and will not
crumble. Absorbent granules are designed to change to a violet color as
they are exhausted. A canister should be completely changed when
two-thirds of the canister turns violet during use. The absorbent will
change back to white when not in use, so it is necessary to make note of
the color change during a procedure. Active absorbent will produce heat
as it is being used. The violet-colored exhausted absorbent will not
produce heat because no chemical reaction is taking place within it. When
filling the canister the contents should be shaken gently to settle them so
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that channeling of gases does not occur and the gas flows evenly
throughout the canister. The machine should be pressure-checked after the
canister is replaced to make sure it has sealed. Absorbent that is too old
and exhausted will not absorb CO2 and could result in elevated inspired
COa. If oxygen tanks are being used, check to make sure that the tanks are
not depleted. The last step in preparing the anesthesia machine is to
connect the appropriate size of Y-piece and rebreathing bag or
nonrebreathing system.

Monitoring equipment should be set up prior to induction and should be
checked to make sure that it is working properly. EKG, pulse oximetry,
blood pressure (oscillimetric or Doppler instrument), and end-tidal carbon
dioxide (ETCO2) are some of the common parameters to monitor. Not
every clinic has the same monitoring equipment, but whatever equipment
is present should be checked prior to starting a procedure. Turn on the
monitor(s), and confirm that the battery is charged or that it is plugged
into an outlet. If it is a multifunction monitor, make sure the screen turns
on and has every needed function turned on. A Doppler monitor can be
checked by placing the probe on a staff member and confirming that it
will produce sound with the pulse without static.

Figure 5.2. After the pressure check is complete, open the APL or pop-off
valve and squeeze the bag empty while the Y-piece is still occluded. This
sends waste gas from the system out through the scavenge system instead
of releasing it into the room air (although only oxygen is used to pressure
check the machine, residual anesthetic gases can still be in the system
from last use). This method also ensures that the APL valve does not
inadvertently remain closed following the pressure check.
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Figure 5.3. The individualized preanesthetic tray setup with all
anticipated supplies needed for premed, catheterization, and induction
processes.
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Once all of the equipment is checked out, the next step is to prepare for
induction. A good method is to dedicate a tray, table, or countertop space
on which to lay out all needed supplies for induction (Fig. 5.3).

This space should include all preop medications, induction agents, IV
catheters, tape, syringes of heparinized saline, endotracheal tubes,
laryngoscope, endotracheal tube tie, lubrication for the endotracheal tube,
ophthalmic lubrication, gauze squares, and fluids with appropriate drip
sets.

The premedication and induction agents should be drawn up and labeled.
Labeling syringes prevents any confusion if the syringes are accidentally
moved. Guessing the drug based on the size and volume of the syringe is
not good practice because many drugs look alike. If a patient has a
reaction after receiving an injection, it is important to know positively
what was given so appropriate treatment can be initiated.

The proper endotracheal tube should be chosen for each patient. It is
prudent to choose more than one size, usually a size smaller and one larger
than the one that is anticipated, in case the first choice does not fit. If the
patient has a potential laryngeal mass, has a congenital anatomic
abnormality or is a brachycephalic breed, it is best to have many different
sizes of endotracheal tubes available as well as a stylet and/or guide tube.
Brachycephalic breeds will generally have a much smaller trachea than
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other breeds of the same size. Always check that the cuffs of the
endotracheal tubes do not leak prior to using them. To check the cuffs, use
a 5-10 mL syringe and measure the amount of air it takes to inflate the
cuff. After 5-10 minutes, deflate the cuff. There should be the same
amount of air taken out of the cuff that was put in. If there is not the same
amount of air, the cuff has a leak and should not be used. A leaky cuff
prevents a good seal between the tube and the trachea. Failing to
adequately protect the airway can potentially increase the risk for
aspiration and possibly pneumonia. As with any leak, a leaky cuff will
make it difficult to maintain a consistent level of anesthesia and will
increase waste gas exposure. A sterile water-soluble lubrication jelly
should be used to lubricate the endotracheal tube to minimize trauma
when passing the endotracheal tube past the arytenoids and into the
trachea. Roll gauze or recycled IV tubing may be used to secure the
endotracheal tube to the patient and prevent accidental extubation.

Also on the tray are supplies for IV catheterization. First, decide how
many IV catheters the patient will require. Patients likely to require
transfusions or multiple infusions will need at least two catheters in case
of emergency, and potentially an arterial catheter. Include injection caps
or t-sets for the catheters. Catheters should be secured with tape or suture.

Arterial catheters should be clearly identified to avoid accidental
intra-arterial injections. Bright-colored labels are commercially available
for this purpose. Catheters should be flushed with heparinized saline after
placement, and several flush syringes should be available on the tray.
Some gauze squares are helpful to clean up any blood and also to hold the
tongue during intubation. A laryngoscope is very helpful for intubation
(especially with cats) but a pen-light will also work. A small syringe with
0.1 mL of 2% lidocaine is very useful to squirt on the cat’s larynx to
reduce or eliminate laryngeal spasm.

Anesthetized animals cannot protect their eyes, and certain induction
agents can prevent them from closing their eyes, so a mild ophthalmic
ointment should be used to lubricate and protect them once the patient is
induced.

Prepare the appropriate IV fluids (crystalloid/colloid) and have them ready
to connect to the patient. This step will save some time if the patient has a
poor response to induction anesthesia and needs immediate resuscitation.
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Another important aspect of anesthetic preparation is to prepare for
potential emergencies. For example, calculate emergency drug doses for
the patient ahead of time. Time is very important during emergency
events, and spending even 60 seconds calculating a drug dose can make a
difference. Excel worksheets can be designed and stored on the computer
so that simply entering the patient’s weight results in a complete printable
table of all possible emergency drugs needed in an emergency. Drug doses
that should be calculated ahead of time include epinephrine, atropine,
calcium gluconate, and lidocaine. These calculations should be written
down and kept with the patient or anesthetist. Many practices will have a
printed list of emergency drugs and their doses posted in operating rooms
and any rooms where anesthesia is performed.

Every practice should also have at least one “crash kit” or “crash cart”
(Fig. 5.4). A crash cart can be a toolbox or a larger cart with several
drawers on wheels, and it should be equipped with everything needed for
cardiopulmonary arrest or other emergencies. The crash cart should
include many syringes of different sizes, needles of multiple sizes,
crystalloids and colloids, IV catheters, heparin flushes, and emergency
drugs. These emergency drugs should always include epinephrine,
atropine, and lidocaine. Other drugs that could be in a crash cart are
calcium, sodium bicarbonate, vasopressors such as dopamine or
norepinephrine, dopram, naloxone (narcotic reversal agent), flumazenil,
neostigmine, dextrose, heparin, dexemethasone, and vasopresson. A chart
with a list of all the emergency drugs and their doses should also be
included. It helps if the crash cart is portable, but there should be at least
one crash cart available anywhere there is an anesthesia machine.

Figure 5.4. Example of a crash cart model.
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For patients in imminent danger of cardiac arrest, or for procedures that
seem particularly risky, drug doses should be calculated and readily
available. A defibrillator, if available, should also be accessible with a
treatment chart attached to it.

If the patient has a status of ASA III, IV, or V, there are some additional
steps to take before starting anesthesia. These patients tend to have
complicated workups and may need multiple types of fluids, as well as
more sophisticated monitoring equipment than a patient with an ASA
status of I or II. Administration of different fluid types, such as colloids,
(blood products) or constant rate infusions of adjunctive medications is
easiest if there are multiple IV catheters. Placing at least two, if not three,
of the largest-bore catheters possible in the patient allows for rapid
administration of fluids if needed. As an example, consider a patient that
is receiving a blood transfusion and also needs a crystalloid fluid, a
constant rate infusion (CRI) for pain management, and a CRI of a
vasopressor. Patient management is facilitated by having one catheter
dedicated to the blood transfusion while the second and/or third catheter is
used for other fluids and CRIs. Another option is to use Y-shaped adaptors
(Fig. 5.5), which allow multiple infusions to be given into one catheter.

Figure 5.5. Dual port or “Y” adapter for IV catheter.
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Many critical patients may benefit from placement of an arterial catheter.
With a monometer or pressure transducer and a multiparameter monitor,
an arterial line can be used to provide constant and accurate blood
pressure readings. In addition, one can quickly and easily obtain an
arterial sample for blood gas analysis from the catheter. An arterial
catheter will provide the capability to quickly draw blood samples
intra-operatively whenever needed.

In critical cases, decreasing the time between induction to surgery is vital.
As much patient preparation as possible should be completed before
actually anesthetizing the patient. For example, place IV catheters, get
fluids set up and ready to start, and place your EKG leads and other
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monitors if tolerated by the patient. Placing monitors prior to anesthetizing
the patient not only decreases anesthesia time but also allows observation
of any changes during induction. CRIs such as dopamine and fentanyl
should be prepared in advance. In extremely critical cases, shave and prep
as much of the surgery site as possible prior to induction.

It is important to have a good working knowledge of every patient’s
medical history. This knowledge will help to evaluate potential
complications and to determine whether they are caused by surgery,
anesthesia, or an underlying disease process. For example, if a patient
becomes bradycardic, the cause could be surgical manipulation or too
deep a plane of anesthesia, or because the patient is being treated for heart
disease and is on medication that slows the heart rate.

The surgery suite should also be prepared prior to induction of anesthesia.
The anesthesia machine in the operating room should be pressure checked
and set up with the correct size of rebreathing system for the patient. The
inhalant anesthesia and CO2 absorbent should be evaluated as previously
discussed.

Monitoring equipment in the surgery room should also be prepared ahead
of time to decrease anesthesia time. For example, the EKG leads, pulse
oximeter, blood pressure, esophageal stethoscope, end-tidal CO2, and so
forth can be laid out for easy access. The more things that are set up ahead
of time, the smoother and quicker the transition from the induction room
to the operating room will be. Consider having backup monitors if you are
using monitors that can fail due to battery depletion, such as a Doppler
instrument. It is always useful to have a roll of tape and a bottle of alcohol
near or on the anesthesia machine for easy access when troubleshooting.

Keeping the patient warm is very important; many times this not given the
attention it deserves. A severely hypothermic patient is prone to
complications. It is important to understand that a patient with a body
temperature of just 95°F has a decrease in anesthetic requirements
(Haskins 2007). They are often bradycardic and have decreased perfusion
due to vasoconstriction. These patients may show a reduced response to
any drug administration, intravenous or intramuscular. For example,
extremely hypothermic patients with bradycardia tend not to respond to
treatment with an anticholinergic, and the heart rate may stay the same or
continue to slow. Finally, patients with a body temperature of 93° or less
can not coagulate normally (Robertson 2007).
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To prevent hypothermia and its consequences, prepare methods for
thermoregulatory support ahead of time. Many clinics will use a
recirculating hot water blanket. To be effective, these blankets need to be
turned on ahead of time. Another way to warm patients is to use a forced
warm-air blower with a disposable blanket. It is important to make sure
you have the correctly sized blanket to fit the patient. Forced warm-air
blowers should not be turned on until the patient is completely draped
because of the possibility of blowing hair and debris onto the surgical site.
Warm water bottles are also sometimes used, but they have disadvantages.
There have been many patients that have developed severe skin burns
after having warm fluid bottles that were too hot next to them.
Anesthetized patients are unable to move away from an object that is too
hot. Warm water bottles used around patients must be covered with a
towel or a couple of layers of drape material or similar paper. A good rule
of thumb is objects that are too hot to touch are too hot for use next to
even furry patients. Place the bags or bottles against the inside of the
anesthetist’s arm for 60 seconds. If they can be kept there for the entire 60
seconds without becoming too hot, they should not be hazardous to the
patient. Bubble wrap can be placed over any patient area that is not part of
the sterile field and can help insulate the patient. Baby socks can be placed
on small paws to help prevent heat loss. A fluid warmer also works very
well. In place of a fluid warmer warm water bottles or warm fluid bags
can be placed around the fluid line. The warm fluid bags will warm the
fluid as it runs through the line and into the patient. Placing warm fluid
bags above and below the Y-piece can also help warm the cold oxygen
being delivered to the patient. Since fresh gas is a major source of patient
cooling, this technique can be helpful, provided there is enough space. Be
careful not to place tension on the Y-piece that creates tension on the
endotracheal tube. Continued tension on the endotracheal tube could cause
tracheal trauma or result in extubation. Heat lamps can also be used but
must not be placed so close to the patient as to cause burns. Generally,
heat lamps should be kept approximately 6 feet from patients to avoid
burns and yet still provide heat benefits. The heat lamp should also be kept
away from surgical personnel and equipment. The most recent warming
technology available for veterinary patients is the Hot Dog Patient
Warmer available from Augustine Biomedical. This product features an
energy-efficient controller with heavy duty, cleanable, reusable patient
blankets that can be placed over, under, or around patients during surgery
and recovery.
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Make sure the surgery table is set up properly prior to induction (Fig. 5.6).
Once the anesthesia equipment is set up, it is difficult to have to move the
patient because the surgery table was not set up properly. For example, the
electrocautery ground should be positioned under the patient before the
surgical prep is complete; otherwise, there is a risk of contaminating the
surgical site. This would increase anesthesia time by requiring another
surgical scrub with more cold disinfectant on the patient, which can
exacerbate and potentiate hypothermia. Any time a patient is moved
quickly or dramatically, monitoring equipment can get disconnected, the
Y-piece could disconnect, and the endotracheal tube could become kinked
or even get pulled out of the patient. If the patient does become extubated,
there is a risk of the patient aspirating, becoming hypoxic, and waking up,
as well as exposing personnel to anesthetic gas. The patient must be
reintubated immediately, a procedure which, depending on the position of
the patient, could cause contamination of the surgical site, necessitating
yet another surgical scrub of the area. All in all, it could be a potentially
stressful situation for the anesthetist, surgeon, and patient. It is wise to
keep a laryngoscope and perhaps some additional induction agent nearby
in case the patient does become light, extubates, and needs to be
reintubated in a hurry.

Figure 5.6. The prepared OR table with all anticipated equipment set up
and ready for use.
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If available, position anesthesia ventilators for use prior to starting the
case. Any patient can potentially require mechanical ventilation. Having
the ventilator available is convenient and prevents the need to step away
from the patient if the need for the equipment arises suddenly.

Set up any constant rate infusions (CRI) at this time. They should be
prepared and hanging with the correct drip rate set. If syringe pumps are
available, have them preset and readily available. Extra bags of
crystalloids and colloids should be stored in the operating room for easy
availability.
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Once the patient is in the OR and positioned comfortably on the table, an
organized approach is useful. For example, the anesthetist should know
where the EKG clips are placed on the patient so that if they stop working
well, they can be reached to be reattached or rewetted. All IV access ports
should be positioned within reach. Place an extension line on any
available IV catheters that will be buried beneath the surgical drape to
make them easily accessible, and secure them well to prevent
disconnection. Monitoring equipment should be placed so that
troubleshooting can be accomplished if needed during surgery. Forced-air
heating systems can dry out the alcohol used on the EKG leads, causing
interference or failure of the EKG. Placing lubricating jelly on the EKG
leads can help prevent this. Placing the Doppler instrument or
oscillometric blood pressure cuff on the limb closest to the anesthetist will
make it much easier to get to should there be a problem. The Doppler
probe can be protected from the surgeon’s elbows or interference from a
warm air blower by placing a plastic Doppler guard over the probe (Fig.
5.7). Doppler guards can be purchased as “mouse houses” or they can be
made by cutting a plastic bottle (500 mL NaCl bottle works well) in half
and then cutting an opening in each end to fit over the limb of the patient.
Sharp edges should be blunted with tape.

Figure 5.7. Two examples of Doppler guards. Adapted saline bottle on the
left and commercially available “mouse house” on the right. These protect
the Doppler probe from personnel interference (surgeon’s elbows) and
interference from the warm air blower.
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From understanding the procedure being done and the status of the patient,
to confirming that the anesthesia machine and monitors are working well,
to making sure everything needed is available, preparedness is the name of
the game for successful anesthesia. Knowing what possible reactions a
patient may have under anesthesia and being prepared to respond to them
can make the difference between a positive outcome and a disaster. Good
preparation does take time in the beginning of a procedure, but it is
important not to get pressured into starting a case before everything is
ready. Taking a little extra time in the beginning will be well worth it if
there is a crisis—everything needed will be immediately available. Most
cases will go smoothly and have few complications, but being ready to
handle the one case that goes bad and has multiple complications will
boost anesthetist confidence and more than make up for the many that
have no complications.
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Intravenous Access

Shawn Takada

The intravenous catheter is truly a lifeline for all animals under anesthesia.
Used in the safe administration of induction agents to the resuscitation of
the critical patient, it is an indispensable tool for the anesthetist. This
chapter will cover all aspects of intravenous catheters:

1. Types and sizes

2. Choosing the proper catheter for the patient and procedure
3. Common venous and arterial sites

4. Proper placement and stabilization

5. Care

Types and Sizes of Catheters

There are two basic types of catheters:
1. Over the needle
2. Through the needle

Over the needle catheter

Over the needle catheters are usually placed in peripheral vessels, which
include cephalic, lateral saphenous, and medial saphenous veins in the
dog, cat, and exotics. Other uses include arterial catheters placed in the
medial pedal arteries of the dog and cat and jugular veins in neonates.
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An over the needle double lumen catheter for peripheral vessel placement,
called the “twin catheter,” is now available and is manufactured by Arrow
International.

Size: Sizes range from 26 gauge to 16 gauge for most domestic animals.
Lengths are available in 3/4 inches to 5-1/2 inches.

Through the needle catheter

Called “central lines,” through the needle catheters are used for
longer-term fluid therapy and multiple blood sampling. Through the
needle catheters are most commonly placed in the jugular vein in the dog
and cat, lateral/medial saphenous in the dog, and medial saphenous in the
cat.

Size: These catheters are available in 18 and 16 gauge, with lengths in 6
and 12 inches.

Multilumen catheter

Multilumen cathethers are another type of through the needle catheter
(Fig. 6.1). They are used for administration of multiple fluid and drug
therapies as well as TPN (total parenteral nutrition). These catheters have
two, three, or four separate entrance and exit ports.

Figure 6.1. Double lumen catheter in the jugular vein of a dog.
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Size: A large selection is available in various lengths, gauges, and lumens.
Recently manufacturers have impregnated these catheters with silver
sulfadiazine and chlorhexidine to lessen the chance of infection.

Catheters also come in many different types of materials; some may be
more reactive than others. The anesthetist should take into consideration
the possible duration of hospitalization and immune status before
choosing the proper catheter. Examples of materials (from least reactive to
most) are; silicone, polyurethane, polyvinyl chloride, and Teflon
(Battaglia 2001).

Vascular Access Ports (VAP)

These are beneficial for long-term chemotherapy patients. VAPs are
surgically placed in the jugular vein with a metal or plastic port that is
attached to the extension that runs subcutaneously. The access port is
usually located between the scapulas in veterinary patients. Drugs and
fluids can be administered by puncturing the port with a noncoring needle
recommended by the manufacturer (Battaglia 2001). Single and double
access ports are available.

105



Choosing the Correct
Catheter for Patient/
Procedure

For the healthy patient undergoing a routine or elective procedure
completed within 90 minutes, an over the needle catheter is sufficient. The
largest gauge possible should be placed in case of emergencies where
rapid fluid administration may be needed. A 22-20 g is recommended in
cats and small dogs and up to a 16 g in large dog breeds.

Single Lumen Central
Catheters

Single lumen central catheters are manufactured by BD Intracath,
Venisystems, and Arrow.

Central venous catheters are useful in cases lasting greater than 90
minutes and/or in patients with one or more metabolic abnormalities.
Potassium, sodium, calcium, bicarbonate, glucose, lactate, and pH levels
can be assessed easily with central lines. Though possible it is not
practical to manually perform venopuncture on a patient draped in for
surgery. Although not accurate for oxygen saturation/carbon dioxide
levels, central line samples are approximate indicators of SpO2 and CO2
concentrations. Long anesthetic procedures on even the healthiest patient
can depress the respiratory system, and assisted ventilation (manual or
mechanical) may be needed. If more precise levels are warranted
(thoracotomies, craniotomies) an arterial sample should be obtained or,
ideally, an arterial catheter should be placed.
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Double/Triple/Quadruple
Lumen Catheters

Arrow, Mila, and Cook are three of the most popular manufacturers of
these catheters for veterinary medicine.

A few advantages of multiple lumen catheters are the multiple ports: IV
fluids, IV anesthetics, and venous blood gases can all be simultaneously
administered and drawn through a dedicated port. Certain drugs may
interact adversely with others (i.e., metoclopramide with many antibiotics)
when in the same fluid line; a separate port simplifies treatments.

Common Venous and
Arterial Sites

The most popular site for peripheral catheterization in the dog, cat, and
exotic is the cephalic vein; as stated ecarlier the largest catheter possible
should be placed in case of emergencies. Animals who are declawed, have
cherry eyes, have aural hematomas, and so forth (healthy, stable patients
with minor upper body surgeries) should have lateral or medial saphenous
(short) peripheral catheters. Neonates may only be able to have either an
intraosseous or short catheter placed in the jugular.

For central lines the largest vein to choose from is the jugular, though
certain issues must be considered before placement. In the case of a
splenectomy, liver lobectomy, and hemoabdomen (all patients with
possible coagulopathy), jugular venopuncture may not be the best option.
The anesthetist should always use good judgment and permission from the
veterinarian/surgeon. Possible pancreatic/icteric/diabetic patients may
benefit from the placement of a multilumen catheter from the beginning
because of the possibility of ongoing treatments and fluid therapy needed.
Other venous access sites for sampling/central lines are the lateral
saphenous in the dog and lateral/medial saphenous veins in the cat.
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Arterial catheter placement is usually done at the medial pedal artery for
both canine and feline patients although many other sites are possible (Fig.
6.2). These include the auricular artery in large-eared dogs (bassett
hounds, labs), the lingual artery, femoral (not recommended due to the
potential for bleeding out should the catheter become dislodged), and even
the coccygeal artery in dogs and cats.

As stated previously, arterial catheters are recommended in patients with
probable, possible, or known ventilation issues. Critical cases with blood
pressure abnormalities will benefit from direct blood pressure monitoring
with an arterial line also. BD Angiocath and Arrow Radial Artery
catheters are made specifically for arterial placement. A standard
peripheral (over the needle, single lumen) catheter can be used just as
well. With arterial placement, smaller gauges are preferable due to arterial
spasms that may occur. A luer-lock t-port is the better choice with arterial
lines; conventional t-ports can give way.

Figure 6.2. Arterial catheter in the coccygeal artery of a cat.
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Proper placement and stabilization

Supplies for peripheral catheter placement include the following:

1-inch tape; three pieces long enough to encircle the leg 1-1/2 to 2
times; one piece split lengthwise to cross over t-port (approx. 3
inches long)

Chlorhexadine scrub

Alcohol-soaked cotton balls

Catheter

T-port primed with a 3 mL heparin saline flush
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» Clipper with #40 blade

* Gloves (beneficial for immune-compromised patients such as
diabetics, cancer/chemotherapy patients, neonates, and so forth)

* Flushes; 2-3 3 mL flushes made of 1 mL of 1000u heparin per 250
mL sodium chloride

* Wrapping material (cast padding, Kling, Vetwrap®, and tape)

Prepping the site

Clip a large-enough area over the vein to ensure no contamination from
surrounding fur. Feathers or long hair that may impede the taping should
be trimmed. Surgically scrub the area from the center out 3 times (or until
gauze is clean); follow with an alcohol wipe.

Proper restraint of the patient is critical for successful catheter placement.
The restrainer will usually “hold off” the vein of choice well away from
the prepped site (above the elbow for cephalic catheters and above the
knee for lateral/medial catheters).

Figure 6.3. Cephalic over the needle catheter.
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Figure 6.4. Taping of the cephalic catheter.
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Start in the center of the prepped site above the vein (Fig. 6.3). Using a
30-degree angle, advance the catheter and stylet through the skin and into
the vein. Once a flashback is observed the entire unit is advanced a small
amount farther to “seat” it into the vein. The catheter is then fed off the
stylet into the vessel. Remove the stylet and place the t-port into the
catheter hub.

Stabilization

A 1-inch piece of tape is placed over the hub of the catheter and the
patient’s skin; press down for better contact (Fig. 6.4). Wrap around the
leg going over the tape no more than 2 times. Another piece of tape is split
vertically 1-2 inches from one edge three-quarters of the way through.
This split is placed under the t-port/catheter juncture and partially over the
first piece. Wrap around the leg. To stabilize the t-port a piece of tape 1/2
inch wide is placed under (sticky side) and crossed over the t-port and the
original tape (Fig. 6.5). A last piece of tape can be used as a tension loop
for the t-port; this may help with disconnection problems when moving
patients from area to area. Each tape, with the exception of the crossover,
should be “courtesy tabbed” for easy removal.

Figure 6.5. Cephalic catheter secured.
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Supplies for Central
Catheters

Supplies for central catheters include the following:

+ l-inch tape (6-7 pieces long enough to encircle the area 1-1/2 times

* Chlorhexadine scrub

* Alcohol-soaked cotton balls

+ Catheter

* T-port primed with a 3 mL heparin saline flush

» Clipper with #40 blade

* Gloves (As mentioned earlier, the immune-compromised patient
benefits from aseptic technique; in the case of multilumen catheters
that will be used for TPN, sterile placement is mandatory.)

* Heparin flushes. 2-3 3 mL flushes

 Triple antibiotic ointment

* Gauze sponges (3—4)

» Suture (for fractious, obese, active, pendulous skin breeds, and so
forth)

+ Kling 2-3 rolls
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Prepping the site

Clip an area large enough for aseptic placement. A good rule of thumb for
jugular placement encompasses the top of the neck to the thoracic inlet for
length and the trachea to 1-2 inches above the jugular, depending on the
size and species of the patient. Surgically scrub the area from the center
out 3 times (or until clean) followed by an alcohol wipe.

The patient is best placed in lateral recumbency for the placement—facing
right for the right-handed, and left for the left-handed. The thumb of the
opposite hand should be pressed into the thoracic inlet with the other four
fingers wrapped around the back of the neck. With the dominant hand,
palpate the jugular vein and visualize its location. The skin above the
jugular is tented to allow safe puncture of the skin; distend the vein again
and advance the needle into it at a 30-degree angle. Depending on the size
of the vessel, hydration of the patient, and type of catheter used, there may
not be a flash of blood (Fig. 6.6).

If the catheter advances without resistance, the likelihood of success is
good. When the catheter is fed almost entirely into the vein the needle
should be backed o