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Preface

Our book was created to fill the need for a practical, ‘hands-on’ overview of 
anesthesia and analgesia for veterinary technicians and nurses. In the end, this 
book has become not only an excellent resource for the intended audience, but 
also for anyone who will use anesthesia equipment, administer anesthetics and 
analgesics, and manage patients. This audience includes veterinary and technician 
students studying the art and science of anesthesia and analgesia and practicing 
veterinarians wanting a review of the topic in an easy to use, easy to read resource.

We have made every effort to focus attention on important principles and clinical 
points within the text and have emphasized key information in call-out tips, boxes, 
figures, tables and photographs. Topics include anesthesia equipment, drugs, 
anesthetic techniques and protocols, monitoring, support and pain management. 
To make the information complete, we have included chapters not only on dogs 
and cats but also on horses and ‘pocket pets’. Chapters 8, 9, and 10 are particularly 
strong reference and teaching features. Chapter 10 covers prevention and treatment 
of complications and emergencies. It should be one of the first chapters that you 
read if you are currently practicing anesthesia. Chapter 9 is a case-based review of 
anesthetic and analgesic protocols that we use every day in our hospital. We think 
Chapter 8 will be your favorite. It is a ‘how to’ chapter full of step-by-step instructions 
and ‘tricks of the trade’ wholly authored by practicing veterinary technicians.

Our editor stated, ‘I believe that you, as a group, have done a wonderful job of 
creating a “hands on”, focused and comprehensive guide’ and we humbly agree 
with him. We hope you enjoy your copy of ‘Anesthesia and Pain Management for 
Veterinary Nurses and Technicians’ as much as we enjoyed creating it for you.

Finally, you might want to start by reading the appendix - it contains many tips and 
shortcuts that will make your day easier.
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While You Sleep

Nicole Valdez, LVT, VTS (Anesthesia)

You don’t know me,
I am silent.

Silently watching every breath you take.
Listening to every heartbeat you beat.

I stay by your side monitoring you as you sleep.
I’m there, the one giving you a voice.

I treat your pain while others are trying to put you back together.

For you have touched my life in so many ways.

Even though you’re not mine, 
I feel as though you are a part of me.

It’s more than just being there, 
It’s what I do because I care.

You’re someone’s beloved pet.

You won’t remember me when you wake, but I will remember you.
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Importance of Anesthesia
General anesthesia is achieved by depression of the central nervous system 
(CNS) to a point of loss of sensation. The sensation loss must be deep enough to 
allow invasive procedures to be performed without the patient being aware, yet 
not so deep that the CNS homeostatic functions (eg, maintenance of breathing 
and control of heart rate) are suppressed to a life-threatening level. The fact is 
that anesthesia causes some inherent risk of morbidity (compromised health) and 
mortality (death). Anesthesia-related mortality is higher in dogs and cats (0.05 TO 
1.4%) [Brodbelt 2009] than in humans (0.02 TO 0.05%). It is up to the anesthetist to 
make anesthesia as safe as possible. Factors to consider for safety include the 
patient, anesthetic drugs, anesthesia equipment, analgesic drugs and techniques, 
monitoring equipment and techniques, and support drugs, equipment and 
techniques. By taking all of these factors into consideration, we should be able to 
not only decrease mortality but to actually IMPROVE the condition of the patient 
by enhancing oxygenation, stabilizing circulating volume and decreasing pain. 
Owners often ask how well their pet did during anesthesia before they ask about 
the surgical procedure. We want to be sure that we can say ‘they did great!’

Importance of Analgesia
No matter what anesthetic protocol is chosen, the addition of adequate analgesia 
is imperative for safe anesthesia and for enhanced patient outcomes. Perioperative 
analgesia has three monumental advantages. 1) It improves our medical success 
rate because adequate analgesia improves healing and allows a decreased 
incidence of perioperative stress-related complications. Pain initiates a fairly 
profound stress response and a nervous system (parasympathetic vs sympathetic) 
imbalance. This can induce a cascade of adverse effects, including gastroin-
testinal (GI) ileus, GI ulceration, clotting dysfunction, hypertension, tachycardia, 
arrhythmias, and many others. Furthermore, stress and pain cause a fairly marked 
increase in cortisol release and a substantial increase in energy requirements, the 
latter of which may lead to a negative nitrogen balance and both of which impair 
healing. 2) Analgesia increases anesthetic safety by decreasing the necessary 
dosages of anesthetic drugs. Most anesthetic drugs, including the inhalant 
anesthetic drugs, block the brain’s response to pain but don’t actually block pain. If 
the pain is severe enough, the brain can still respond and make the animal appear 
to be inadequately anesthetized. The result is that the vaporizer is turned up and the 
brain ceases to respond, but the patient is now too deeply anesthetized and can be 
at a very dangerous physiologic plane. A more appropriate response is to decrease 
the pain with analgesic drugs and maintain a light, safe depth of anesthesia. 3) 
Adequate pain management at the time of intense pain (like surgery or trauma) 
decreases the potential that the patient will develop chronic pain postoperatively. 
Moderate to severe pain can create long-term pathologic changes in the pain 
pathway. Prevention of these changes can alleviate or eliminate the incidence of 
chronic pain syndromes related to the initial surgery, injury or disease. This can be 
vital because treatment of chronic pain can be difficult and is often ineffective.
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In addition to the medical importance of treating pain, we have an ethical 
commitment to treat pain. All veterinarians and veterinary nurses are governed 
by the Veterinarian’s Oath. Pain is described in Stedman’s Medical Dictionary as, 
“suffering, either physical or mental; an impression on the sensory nerves causing 
distress or, when extreme, agony”. The Veterinarian’s Oath states that we pledge 
to ‘…use scientific knowledge and skills for the protection of animal health and 
welfare, the prevention and relief of animal suffering…’ So, ethically, we committed 
to relieving pain when we joined this profession. This is not a new concept, in fact, 
the veterinarian’s oath was adopted by the AVMA in August, 1961. Pain relief is both 
the ethically ‘right thing to do’, AND the medically ‘right thing to do’.

Principles of Analgesia
Regardless of which analgesic drugs are chosen, 3 basic guidelines of pain 
management should always be followed: 1) analgesic drugs should be adminis-
tered preemptively (i.e., BEFORE we cause pain) whenever possible; 2) multimodal 
analgesia (i.e., using more than one ‘mode’ of analgesia - like two or more drugs 
or a drug plus a nonpharmacologic modality like acupuncture) should be used 
whenever possible; and 3) analgesia should continue as long as pain affects the 
quality of life of the patient (i.e., pain does not generally stop just because the 
patient was discharged from the hospital).

Principles of Anesthesia
Anesthesia should always be provided using multimodal techniques, or ‘balanced 
anesthesia’. Using a variety of drugs allows us to capitalize on the synergism 
between the drugs while decreasing the dose of each drug. With our current 
knowledge of pharmacology and the availability of safe, effective anesthetic and 
analgesic drugs, anesthetizing a patient with a single drug (ie, only an injectable 
drug or only an inhalant with no sedative/tranquilizers or analgesic drugs) is no 
longer appropriate. Nor is it safe. Anesthesia should be thought of as 4 distinct and 
equally important periods (Figure 1-1): 1) preparation/premedication; 2) induction; 
3) maintenance and 4) recovery. We tend to diminish the importance of the phases 
of preparation/premedication and recovery and yet these phases contribute as 
much to successful anesthesia as the phases of induction and maintenance.

Preparation/Premedication
Preparation is patient specific. Some patients need nothing more than a physical 
exam while some may need extensive preoperative diagnostics and/or support 
like IV fluids or analgesia. Patient preparation is discussed in Chapters 2 and 9. 
Preparation includes checking all of the equipment (anesthesia machine, monitors, 
etc…) prior to use. Anesthetic equipment is discussed in Chapters 3 and 5. No 
matter what anesthetic protocol is chosen, safe and successful anesthesia will 
be enhanced by the use of pre-anesthetic tranquilizers. This is evidenced by two 
facts: 1) Stress in the perioperative period is extremely dangerous physiologically 
i.e. death can occur from stress. 2) Tranquilizers allow reduction in the dose of 
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both induction and maintenance drugs, thus increasing the margin between the 
‘effective dose’ and ‘dangerous or toxic dose’ of drugs. Premedicant sedative/
tranquilizers are discussed in Chapters 4 and 9 and include opioids, alpha-2 
agonists, acepromazine and benzodiazepines. Analgesia should also be included 
as part of premedication. Premedicant analgesic drugs are discussed in Chapters 
4, 7 and 9 and include opioids, alpha-2 agonists, and non-steroidal anti-inflam-
matory drugs (NSAIDs). Other drugs that may be used as premedicants include 
maropitant, the anticholinergics (atropine and glycopyrrolate) and any stabilizing 
drugs required by the particular patient.

Induction
Induction must occur rapidly and smoothly so that the patient passes through the 
excitatory stage of anesthesia (Table 1-1) very quickly and so that control of the 
airway can be obtained as soon as possible (i.e., endotracheal intubation needs 
to occur quickly). Drugs should be dosed ‘to effect’. Support like IV fluids, oxygen 
and infusions of support (eg, dopamine) or analgesic drugs may need to start at 
induction. Monitoring like ECG and blood pressure measurement may need to be 
started at induction. Drugs used for induction include propofol, ketamine, tilet-
amine/zolazepam, etomidate, thiobarbiturates and alfaxalone.

Maintenance
Anesthesia can be maintained using inhalant drugs (isoflurane, sevoflurane, 
desflurane). Anesthesia can be maintained using injectable drugs (e.g., ketamine 

Figure 1-1. Anesthesia can be divided into four equally important phases: Preanesthesia/
premedication, induction, maintenance and recovery.

Four Phases of Anesthesia
• Patient preparation for anesthesia
• Sedation and analgesia

• Achieve unconsciousness smoothly
 & rapidly - dose TO EFFECT

• Dose TO EFFECT;  May need more
 analgesia;  SUPPORT & MONITOR

• May need more analgesia and/or
 sedation;  SUPPORT & MONITOR

Preanesthesia

Induction

Maintenance

Recovery
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Stage Description 

I Defined as stage from beginning of induction of general 
anesthesia to loss of consciousness. Some ‘disorientation’ may 
occur during this phase

II Defined as stage from loss of consciousness to onset of 
automatic breathing. Also called the ‘stage of excitement 
or delirium’. This is the stage to pass through QUICKLY. A 
prolonged time in Stage II often occurs with mask or chamber 
induction, which is one reason that this method of induction 
is not recommended. Patients recovering from anesthesia 
will also pass through this phase, which explains some of the 
dysphoria in recovery. However, this should be brief and, if not, 
analgesic and sedative drugs should be administered to the 
patient. Struggling, coughing, vomiting and other excitatory 
responses can occur if Stage II lasts too long.

III This is the stage of surgical anesthesia and is divided into four 
planes:
• Plane 1 - very light anesthesia. Palpebral reflex is light to 
nonexistent, swallowing reflex is absent, some eye movement 
may occur.
• Plane 2 - generally an adequate but not too deep plane of 
anesthesia. This plane is best achieved with a low-dose of 
inhalant anesthesia with analgesics. Eye movement stops, 
secretion of tears increases and breathing is generally 
automatic and regular.
• Plane 3 - slightly deep plane of anesthesia. The plane is often 
achieved if analgesic drugs are not used. Pupils are dilated and 
light reflex disappears. If tidal volume is measured, a decrease 
will likely be noted as breathing starts to become impaired.
• Plane 4 - excessively deep plane of anesthesia. Intercostal 
(rib) muscles and the diaphragm become completely relaxed 
and apnea is likely.

IV Stage from total apnea to death. The patient is WAY TOO DEEP. 
Avoid this stage!!

 Table 1-1
Stages and Planes of Anesthesia 
(Based on ‘Guedel’s Classification’ of Anesthetic Drugs)

 
 

combinations, tiletamine/zolazepam, and propofol infusions). Drugs, regardless 
of whether they are inhalant or injectable, should be dosed ‘to effect’. Monitoring 
(eg, anesthetic depth, heart rate, respiratory rate, ECG, blood pressure and 
oxygen-hemoglobin saturation) and support (eg, supplemental oxygenation, IV 
fluids and warming) are imperative during the maintenance phase. Analgesia 
should be re-addressed and might include repeat boluses of opioids, local/regional 
anesthetic blockade and constant rate infusions (CRIs).
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Recovery
This is often the most critical part of the anesthetic period. Unfortunately, most 
unexpected deaths occur in the recovery phase of anesthesia (Brodbelt 2009). 
Factors that contribute to death include; 1) excessive anesthetic depth during 
the maintenance phase which leads to excessive anesthetic depth in recovery, 
and 2) insufficient patient support and monitoring during recovery. Both support 
and monitoring should continue in recovery, especially if the patient is compro-
mised. Drugs that might be used during recovery include; sedative/tranquilizers 
for patients having a ‘rough’ recovery, analgesic drugs for painful patients and 
reversal drugs for patients that are excessively deep or that need to be aroused 
quickly. Drugs whose effects can be reversed include the opioids (full reversal 
with naloxone, partial reversal with butorphanol), alpha-2 agonists (atipamezole, 
yohimibine and tolazoline) and benzodiazepines (flumazenil).

How to use this Book
The chapters in this book are designed to guide the anesthetist through the 4 
phases of anesthesia in the logical order of your anesthesia day. Every time that 
you prepare to anesthetize a patient you should follow these steps (which corre-
spond to the numbered chapters in the book):
1. Be sure you understand the principles of anesthesia and analgesia.
2. Check your patients: Physical exam, history, serum chemistry analysis, etc. 
Stabilize any patients that need it. Make sure your patients are ready!
3. Check and diligently maintain your anesthetic equipment.
4. Choose drugs for the patients. Drugs include those for premedication (sedative/
tranquilizers, analgesic drugs, etc.), induction (single drug or combination of drugs), 
maintenance (inhalant or injectable drugs, analgesic drugs, support drugs, etc…) 
and recovery (sedatives/tranquilizers, analgesic drugs, reversal drugs, etc.).
5. Make sure the monitoring equipment is ready, that you know what to monitor and 
that you know the significance of changes in physiologic parameters.
6. Make sure support ‘agents’ (e.g., oxygen, IV fluids, warming blankets, etc.) and 
drugs are ready and that you know how to respond to patient problems.
7. Understand the importance of good pain management and have a plan for analgesia.
8. Anesthetize your patient Step-by-Step. Don’t take any shortcuts!
9. Be ready for specific cases.
10. Be ready to prevent, or treat, emergencies, including cardiac arrest.
11. Be prepared to anesthetize horses (if your practice includes horses).
12. Be prepared to anesthetize ‘pocket pets’ (if your practice includes pocket pets).

Now it is your turn. Be the best anesthetist that you can be!

Reference
Brodbelt D. Perioperative mortality in small animal anesthesia Vet J 2009; 182:152-161.



Chapter 2
Preparing the Patient 

for Anesthesia
Nicole Valdez, LVT, VTS (Anesthesia/Analgesia)
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Introduction
Although this chapter is short, it may be one of the most important chapters in the 
book because safe anesthesia is preceded by appropriate patient assessment, 
preparation and stabilization (when necessary). 

IMPORTANT NOTE
More information on preparation for anesthesia is presented in Chapter 8 
and includes not only patient preparation, but also preparation of equipment 
and drugs. All of this information should be understood BEFORE the patient is 
anesthetized.

Preoperative patient assessment is critical for anesthetic safety. The patient 
should be assessed using physical examination and medical history. ‘Blood work’ 
(serum chemistry analysis and complete blood count [CBC]) and urinalysis are also 
commonly recommended. More advanced assessment (e.g., radiographs, ultra-
sound, and specialized serum chemistry tests) may be necessary for some patients. 
Once the initial assessment is complete, an American Society of Anesthesiologists 
(ASA) physical status score should be assigned to the patient (Table 2-1). Further 
diagnostics and patient stabilization/support will be determined by the ASA score. 

I Healthy patient with no anesthetic risk beyond the normal expected risk 
from anesthesia

II Patient with localized disease or systemic disease that is unlikely to have 
a major  impact on anesthetic risk (a patient with a fracture but no other 
injuries, a patient that is febrile but not systemically ill  or a patient with 
uncomplicated hypothyroidism are examples)

III Patient with moderate to severe systemic disease that is likely to have 
an impact on anesthetic risk unless the patient is stabilized (patients 
with untreated but not immediately life-threatening cardiovascular 
disease, moderate electrolyte imbalances or endocrine abnormalities 
are examples). These patients should be stabilized prior to anesthesia, if 
possible, to decrease anesthetic risk.

IV Patient with severe systemic disease that is a threat to life and that will 
have a major impact on anesthetic risk (a septic patient or a patient with 
profound hyperkalemia are examples).  These patients are very likely to 
die if they are not stabilized prior to anesthesia.

V Patient that will die from its disease if not anesthetized but is also likely 
to die if it is anesthetized (a patient that is actively hemorrhaging from a 
ruptured splenic mass or a patient in septic shock are examples). These 
patients are at extreme risk and should be stabilized as much as possible 
but emergency anesthesia is often required.

 Table 2-1
Adapted American Society of Anesthesiologists (ASA) 
Physical Status Scores
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If the patient must undergo emergency anesthesia, an ‘E’ (for emergency) should 
be placed next to the ASA category in the record.

Physical Exam
A Thorough Physical Examination And History Are Required For Every Patient 
Prior To Anesthesia

The physical exam (Table 2-2) should include assessment or measurement of:

Overall Health Status
Is the patient alert and active? Is the patient in good body condition? Are the eyes 
clear and bright? Is there any discharge from nostrils or other orifices? Does the 
hair coat look healthy? If ‘no’ is the answer to any of these questions, a more 
extensive physical exam and other diagnostic tests (like serum chemistry analysis) 
should be done to determine the cause before the patient is anesthetized. Many 
illnesses can cause these abnormalities. 

Body Weight
Is the patient too thin, appropriate, or too fat? This is important for both assessment 
of overall health and for dosing of drugs. Drugs should be dosed on lean body weight.

Heart and Respiratory Rates
Are the rates normal for species, body size, health status and level of stress from 
being in the hospital? These may be elevated due to the stress of being in the hospital 
so these ‘normal’ elevations need to be differentiated from elevations due to disease.

Mucous Membrane Color and Capillary Refill Time (CRT)
Is the mucous membrane pink to pale pink and is the CRT < 2 seconds? Capillary 
refill time is one of the best ‘simple’ monitors to evaluate perfusion. CRT is 
evaluated by pressing firmly with a finger on an area of pink mucous membrane, 
generally the area just above the canine tooth, for several seconds. This forces the 
blood out of the capillaries in the area under pressure and ‘blanches’ the mucous 
membrane site, which makes it look white. The finger is then removed. The number 
of seconds for the blood to return to the compressed capillaries and return the 
membrane to its normal color is the CRT.

A prolonged CRT indicates poor perfusion and a patient that definitely requires further 
diagnostics and supportive stabilization (like warming and IV fluids or blood) prior to 
anesthesia. The cause can be anything from hypothermia or dehydration to severe 
hemorrhage or shock. A very rapid CRT is less common than a prolonged CRT. It may 
occur with pyrexia (i.e., fever), heat stroke, or early onset of some forms of shock.
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YOUR VETERINARY CLINIC

Patient Name:                           Owner Name:                                   Date:

Reason for visit:

Weight Heart Rate Resp. Rate Body Temp

MM color Cap Refill Time Hydration

Attitude (anxious, excited, alert, sedate 
calm, lethargic)

Body Condition (over, normal, under weight)

Indicate N for normal or describe any abnormalities in the organ systems listed below

General Appearance

Skin

Eyes/ears

Cardiovascular 
System

Respiratory System

GI System

Renal System

Lymphatics

Other Systems

Pain Score  0 (no pain)   1     2     3     4     5     6     7      8      9    10 (severe pain)

History

Description of problem: 

Onset of problem Duration of problem

Changes in problem

Appetite Urinating normally?

Sleep/Activity levels normal? Feces normal?

Current treatment/Response to treatment 

Other medications

Other pets or people ill?

Any history of illness in pet’s family?

Other information

 Table 2-2
Sample Form for Physical Examination and Patient History 

HISTORY CAN BE CONTINUED ON BACK OF PAGE
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Mucous membrane color can be used to assess vascular (vessel) tone and 
abnormalities in color can indicate direct changes in the vessels or changes in 
the sympathetic nervous system that impact the vessel tone. Blood volume can 
also impact mucous membrane color. Pale mucous membranes can indicate 
vasoconstriction from conditions such as hypothermia, hypotension, and shock. 
Drugs that cause vasoconstriction, like the alpha-2 agonists, can cause pale 
mucous membranes. Severe anemia and hemorrhage can also cause pale mucous 
membranes. Red mucous membranes (also called ‘injected’ mucous membranes) 
often occur with septic or endotoxic shock but dark pink mucous membranes 
can be caused by vasodilation from other causes, such as administration of high 
dosages of acepromazine or some of the alpha-2 antagonists, particularly yohimbine 
and tolazoline. Bluish mucous membranes are caused by hemoglobin desaturation 
(profound hypoxemia) or profound sludging of blood in patients with severe circu-
latory compromise. These patients need stabilization prior to anesthesia.

Auscultation of the Heart and Lungs
Abnormalities in either of these systems can significantly impact the safety of 
anesthesia and warrant further diagnostics prior to anesthesia. Auscultation of the 
heart for murmurs and while simultaneously feeling for a pulse to make sure that 
every ausculted heart beat is associated with a pulse is important. Pulse deficits (or 
ausculted heart beat that does not result in a palpable pulse) can indicate severe 
cardiac disease and warrant further diagnostics prior to anesthesia. Respiratory 
disease can cause the lung sounds like ‘crackles’ and ‘wheezes’. The presence of 
these sounds warrants further diagnostics prior to anesthesia.

Breathing
Assess movement of air through the airways by watching chest excursions (i.e., 
movement of the chest with each breath) and feeling for movement of air from the 
nostrils and/or mouth. Failure to move air normally can indicate severe respiratory 
disease which can significantly impact the safety of anesthesia. Further diagnostics 
are required prior to anesthesia.

Body Temperature
Is the temperature within the normal range? Either pyrexia or hypothermia can 
indicate the presence of disease that will impact the safety of anesthesia and both 
conditions should be investigated prior to anesthesia.

History
A thorough history that includes information on the patient’s current condition and 
treatments, previous medical conditions and treatments, and any abnormalities 
in daily function (like eating and urinating) is important. The history should also 
include information on health conditions in the patient’s family.
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Recent Health Issues
Why has the patient been presented (if the patient is presented for a health 
concern) or has the patient been ill recently (if the patient is presented for an 
elective procedure and seems currently healthy)?

Current Medications
Especially medications that could affect anesthesia (like medications for cardiac 
disease) or analgesia (like nonsteroidal anti-inflammatory drugs [NSAIDs]). Also 
ask the client if the patient is on any herbal compounds as some of these can 
impact anesthesia.

Appetite, Urination and Defecation
Any recent changes in these daily functions can indicate changes in health status 
that may not have been recognized by the owner.

Familial Health Issues
Do any siblings have health issues that need to be considered?

Other Tests
Other Tests may be Recommended or even Required for Specific Patients Prior to 
Anesthesia

Although preoperative serum chemistry analysis and complete blood count (or 
‘blood work’) may not be necessary for all patients, preoperative blood work is often 
recommended to fully assess the health of the patient and because the scheduled 
anesthetic procedure may be the only time or first time the patient has been seen by 
a veterinarian. Thus, the preoperative blood work can provide a baseline not only for 
anesthesia but also for general patient health. Preoperative blood work should be 
required for geriatric & neonatal patients and patients that have systemic disease. 
Urinalysis should be considered in these patients and required in those with renal 
disease. The following tests should be considered and/or required, depending on 
the patient:
• Packed cell volume (PCV) and total protein (TP), which is also called total solids (TS). 
• Renal enzymes (blood urea nitrogen [BUN] and creatinine).
• Hepatic enzymes (alkaline phosphatase [ALP], alanine transaminase [ALT]).
• Electrolytes (sodium, chloride, potassium and calcium).
• Glucose, especially in neonate/pediatric patients and in diabetic patients.
• Urinalysis (urine specific gravity, perhaps protein, blood, glucose, electrolytes).

Other diagnostic tests may be appropriate for selected patients. Examples include:
• Thoracic radiographs or ultrasound for patients with respiratory or cardiovascular 
disease.
• Abdominal radiographs or ultrasound for patients with gastrointestinal or 
genitourinary disease.
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• Abdominocentesis for patients with abdominal trauma or some forms of gastroin-
testinal disease.
• Neurologic exams for patients with central nervous system (CNS) disease or 
head trauma.
• Specific serum chemistry analysis tests, for example bile acids for liver disease 
and T4 for thyroid disease.
• Blood gas analysis for oxygenation for patients with severe respiratory disease.
• White blood cell count (WBC) in patients with suspected bacterial or viral 
diseases (such as parvovirus or feline immunodeficiency virus), 
• Fecal analysis and blood smear for detection of parasites, which should be 
considered for assessment of overall health.

Patient Preparation and Stabilization
Appropriate Preparation is Required for every Patient Prior to Anesthesia and 
Stabilization may be Required for Specific Patients

Preparation is very patient specific. For healthy patients anesthetized for short, 
elective procedures, preparation may be nothing more than a thorough physical 
exam and history with, perhaps, PCV and TP. On the other end of the spectrum, 
preparation for critically ill patients likely means stabilization prior to anesthesia. 
Stabilization can occur over several days to weeks (e.g., stabilizing glucose levels 
using insulin in diabetics or controlling heart disease with drugs like pimobendin, 
enalapril and furosemide). Stabilization may also need to occur within minutes to 
hours (e.g., fluid loading a patient with an intestinal foreign body and perforated 
intestine) but it SHOULD OCCUR.
 
Increasing ASA status increases the risk for anesthetic adverse events (Brodbelt 
2009). Thus, DECREASING ASA status should DECREASE anesthetic risk for morbidity 
and even mortality. The ASA status can be decreased by using patient-appropriate 
preparation and stabilization. For example, an anorexic, vomiting cat with a linear 
foreign body that is severely dehydrated and has electrolyte imbalances is an ASA 
status of IV. If intravenous fluids are administered to the cat, correcting dehydration 
and electrolyte balance prior to surgery, the ASA status decreases to III and the cat 
is at a lower risk for anesthetic morbidity/mortality.

Reference
Brodbelt D. Perioperative mortality in small animal anaesthesia Vet J 2009; 182:152-161. 





Chapter 3
Anesthesia Machines 

and Equipment
Shona Meyer, BS, LVT, VTS (Anesthesia/Analgesia)

“To be prepared is half the victory” Miguel de Cervantes
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Introduction
A thorough knowledge of anesthesia equipment and breathing systems, along with 
appropriate maintenance and trouble-shooting techniques, is vital. This is best 
expressed by this quote: “The integrity of the anesthesia system is a critical part 
of the entire anesthesia process. If you consider that the job of the anesthesia 
machine is to supply every life giving breath to a patient while intentionally 
maintaining the animal in a comatose state, you will understand the need for these 
units to function properly” (Harvey 2010).

An effective way to organize the understanding of all of the components of 
anesthesia equipment is to trace the flow of oxygen through the system. Oxygen 
is supplied by an oxygen supply source (usually a compressed gas cylinder or 
‘tank’), makes its way through a variety of hoses and pressure regulators and 
then enters the anesthesia machine where the flow is divided with part going to 
the oxygen ‘flush’ button (or flush ‘valve’) and part to the flow meter control knob. 
It continues to move through the flowmeter, vaporizer, and the fresh gas outlet, 
into the breathing system and to the patient. Excess oxygen and inhalant gases, 
along with carbon dioxide, then move from the patient back through the breathing 
system to the waste anesthetic gas scavenging system. The main components of 
the anesthesia machine will be discussed in this chapter. A checklist to help you 
through the daily process of checking the machine is presented in Table 3-6 at the 
end of the chapter.

The Anesthesia Machine
The anesthesia machine, along with the oxygen source and the vaporizer, is 
designed to deliver a precise, but changeable, mixture of anesthetic gas and 
oxygen at a safe pressure and flow to a breathing system, which in turn delivers 
anesthetic gas and oxygen to a patient. Although there are quite a variety of 
machines in use in veterinary medicine, they all have the same function and the 
components are similar for almost all of the machines that might be encountered. 
This information will be applicable to a machine in any practice, even if your 
machine does not look like those in these photos.

Anesthesia machines, like those in Figure 3-1 A and B, look like a lot of hardware. 
The anesthesia machine, however, only includes the connection between the 
oxygen source and oxygen regulator(s) on the back of the machine (not pictured 
here), the gas flow meter(s) (Figure 3-2 A), the emergency oxygen ‘flush’ valve 
(Figure 3-2 B), a scavenger connection (Figure 3-2 K), and a common or “fresh” 
gas outlet (See Figure 3-3). The vaporizer (Figure 3-2 C) is added to the machine to 
supply inhalant anesthetics. All the rest of the components are actually part of the 
breathing system (Figure 3-2 D through J).
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Figure 3-1 A and B. Anesthesia machines and rebreathing systems.

A B

Figure 3-2. The anesthesia machine only includes the connection between the oxygen source 
and oxygen regulator(s) on the back of the machine (not shown), the gas flow meter(s) (A), 
the oxygen ‘flush button’ (B), a scavenger connection (K), and a common or “fresh” gas outlet 
(see figure 3-3). The vaporizer (C) is added to the machine to supply inhalant anesthetics. All 
the other components shown are part of the rebreathing system (D-J).
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Figure 3-3. The common or “fresh “gas outlet.

Figure 3-4. The hanger yoke, at the top of the 
green cylinder, is the metal portion that holds 
the tank to the machine and connects with 
the pin system to allow oxygen to flow from 
the tank to the machine.

Pressure Circuits
The machine is divided into three pressure circuits, named according to the 
amount of pneumatic (air) pressure within each circuit. Many of these components 
go relatively unnoticed because we don’t change them, open/close them, etc… 
However, understanding all of these components will allow trouble shooting if the 
need arises.

High-Pressure Circuit
Consists of components which receive gas at high cylinder pressure (2200 pounds 
per square inch or ‘psi’). These include the hanger yoke (including filter and 
unidirectional valve), yoke block, cylinder pressure gauge and cylinder pressure 
regulators (Figure 3-4). We deal with this circuit when we place an oxygen tank 
onto a machine (into the hanger yoke) and when we check the pressure in the tank 
by looking at the cylinder pressure gauge (See Figure 3-9).
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Figure 3-5. The oxygen “flush” or emergency 
oxygen flush button.

Figure 3-6. Flow meters and Vaporizers. These and the fresh gas outlet are the components 
of the low pressure system that we most commonly deal with.

Intermediate Pressure Circuit
This circuit receives gases at intermediate, relatively constant pressures (37 to 
55 psi), which is pipeline pressure, or the pressure ‘downstream’- meaning closer 
to the patient - from a cylinder regulator. The components of this circuit include 
the pipeline inlets and pressure gauges, ventilator power inlet, flowmeter valves, 
second-stage regulators and oxygen flush valve. We deal with this circuit often 
because we adjust the oxygen flowing through the flowmeter by turning the flow 
meter valve and we sometimes use the oxygen flush valve (Figure 3-5). Now you 
understand why we have to be careful using the oxygen flush valve [or ‘button’] - 
flow from here is at a higher pressure than in any other part of the circuit that is in 
direct contact with the patient!

Low-Pressure Circuit 
These are components downstream from the flowmeter needle, including valves, 
flowmeter tubes, vaporizers (Figure 3-6) and the common (fresh) gas outlet (See 
figure 3-3). Clearly, this is the circuit that we will interact with the most since all 
of the components listed are used to deliver oxygen and fresh gas directly to the 
patient and most are components that we adjust during anesthesia.



20

Important Components
Familiarity with all machine components is ideal but perhaps not critical. However, 
a thorough understanding of the components that are most commonly used or 
whose misuse is most likely to result in danger to the patient is critical.

Oxygen Source
Oxygen is generally supplied as compressed gas in metal cylinders (or ‘tanks’). 
One of the most common sources of oxygen is the E-cylinder or tank (Figure 3-7) 
which is the small, portable tank generally attached to the anesthesia machine. 
The E tank contains about 700 liters of oxygen. H-cylinders or tanks are also used 
but H tanks are generally stationary and are used with a hospital line that ends in 
a ceiling drop or wall mount connection (Figure 3-8). The H tank is larger and holds 
about 7000 liters of oxygen. Larger tanks or oxygen concentrators or even liquid 
oxygen are other sources of oxygen that are sometimes utilized. The content of the 
oxygen tanks should be checked every morning (for the H tanks) and before every 
surgery (for the E tanks).

Figure 3-7. A machine- mounted ‘E tank’ or 
‘E cylinder’. This tank holds approximately 
700 liters of oxygen when full. Note the green 
color (specific for oxygen) around the top of 
the tank.

Figure 3-8. An ‘H tank’ or ‘H cylinder’. 
Oxygen lines from the tank can deliver oxygen 
to oxygen connections throughout the hospital. 
This tank holds approximately 7000 liters of 
oxygen when full. Note the green color.

How to: Determine how much Oxygen is Left in the Cylinder
The amount of oxygen in the cylinders in liters can be estimated by multiplying the 
pressure seen on the cylinder gauge (Figure 3-9) by 3 for the H tanks and by 0.3 for 
the E tanks.
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IMPORTANT TIP
Oxygen cylinders should definitely be changed when the pressure gauge 
indicates that the pressure is below 200 psi. A pressure of below 500 psi may 
be grounds for changing the tank if the tank will be used heavily. If 500 psi is 
multiplied by 0.3 (E tank), we know that 150 liters are left in the cylinder. If the
patient is on a non-rebreathing system with a 3 liter per minute flow, this tank
will only last 50 minutes (150 L divided by 3 L/min = 50 minutes)! 

 
 

For safety, all medical gases are housed in color-specific tanks or are supplied from 
a central source by color-specific lines (Table 3-1). Tanks and lines also have a 
‘pin-index’ safety system. In this system, the pins (meaning the parts that protrude) 
on the gas line or hanger yoke fit into the holes that are ‘indexed’ or specifically 
configured for each individual gas. Therefore, only the tank or line with the correct 
pin-index system can be attached in the specific position that is designed for that gas.

Figure 3-9. Pressure gauge on an oxygen tank. 
There are 450 liters of oxygen remaining in this 
E tank (1500 psi x 0.3 = 450). To determine how 
long the oxygen in the tank will last, divide the 
liters in the tank by the current oxygen flow on 
the oxygen flow meter.

Gas Formula United States State in Cylinder

Oxygen O2 Green Gas

Nitrous oxide N2O Blue Gas + Liquid (below 
98°F)

 Table 3-1
Cylinders/Lines are Color Coded for Safety Purposes 

CRITICAL TIP!
Medical gas equipment is color coded. The color for oxygen equipment in the 
US is green. Make sure that only tanks or lines colored green are connected 
to the oxygen port on the anesthesia machine.

 The color for oxygen equipment in the US is green and the pin-index safety system 
for oxygen can be seen in Figure 3-10. The small pin holes for oxygen are linear and 
centered, whereas those for nitrous oxide are slightly off-center (Figure 3-11).
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Although not part of every machine and not commonly used in veterinary medicine, 
nitrous oxide (N2O) deserves mention because it is also supplied in a cylinder and is 
delivered as an inhaled gas along with oxygen. The color in the US for nitrous oxide 
is blue. Nitrous oxide is present as both a liquid and a gas in a cylinder (oxygen is 
present only as a gas), but the pressure gauge reads only the gas state. Thus, the 
pressure gauge is not completely indicative of the amount of nitrous oxide left in 
the cylinder since liquid continues to evaporate as the gas leaves the tank and the 
pressure in the tank will not change until all of the liquid has evaporated.

Figure 3-11. In the pin index safety system, the small pin holes for oxygen are linear and 
centered, while those for nitrous oxide are slightly off-center so that the lines for oxygen will 
not fit into the connection for nitrous oxide. The connections are colored green (for oxygen) 
and blue (for nitrous oxide).

Figure 3-10. Pin-index safety system. The pins 
(parts that protrude) on the gas line fit into the 
holes that are specifically located for each 
individual gas. This is the pin index configuration 
for oxygen. This connection is for oxygen lines, 
the exact same configuration of pins and holes is 
present on an oxygen tank and the hanger yoke on 
the back of the anesthesia machine. 

How to: Determine how much Nitrous Oxide is Left in 
the Cylinder
Vaporized nitrous oxide leaves the tank and more vapor is produced from the liquid. 
The pressure in the tank remains the same as long as there is any liquid remaining. 
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Generally, when the pressure reaches approximately 745 psi, the cylinder is less 
than one-fourth full (approximately 400 L of nitrous oxide) and there is no liquid 
remaining. The pressure will start to decrease rapidly at this point and the tank 
should be changed when the pressure gauge reads less than 500 psi. The contents 
can also be measured by weighing the tank and subtracting the empty weight 
(which should be stamped on the neck of the tank).

CRITICAL TIP!
Nitrous oxide takes the place of some of the oxygen in the inhaled gas. To 
prevent hypoxemia in the patient, the nitrous oxide should never be more than 
75% of the inhaled gas. So, for instance, a flow of 250 ml of oxygen + 750 ml of 
nitrous oxide would result in 75% of the inhaled gas being nitrous oxide. In 
most patients, a 50:50 mixture of oxygen and nitrous oxide is preferred.

Because cylinders of compressed gas (oxygen, nitrous oxide, etc.) are highly 
pressurized, they can cause severe damage if they fall and break at the neck. The 
compressed gas will immediately exit the cylinder and the cylinder will be rapidly 
and forcefully propelled in a direction away from the neck. ALL STANDING TANKS 
MUST BE SECURED SO THEY CANNOT FALL. Alternatively, tanks can be stored in 
a laying rather than a standing position (Figure 3-12). Be extremely careful when 
handling cylinders of compressed gas that you do not drop them or put them in a 
position from which they could fall. Also, cylinders should never be subjected to 
temperatures above 54°C (130°F) or below -7°C (20°F). Pressure (and liquid volume 
for N2O) will change as the environmental temperature changes.

Figure 3-12. Oxygen tanks are highly pressurized and become extremely dangerous projectiles 
if they fall and break. Tanks should be secured if standing, or stored on their sides.
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• HOWEVER, many practices use ‘regular’ morphine (with preservatives) 
and other drugs containing preservatives and this is generally considered to 
be safe. SO, don’t let the fact that you don’t have PF morphine keep you from 
doing epidurals!

• Local anesthetic drugs are commonly added to the opioid.
• The duration of analgesia provided by local anesthetic drugs is the same 
duration as injecting local anesthetics in any other tissue, meaning about 90 
minutes for lidocaine and 4 hours for bupivacaine.
• The time to onset is the same onset as injecting the local anesthetics in any 
other tissues, meaningr about 2 minutes for lidocaine and 5 to 15 minutes for 
bupivacaine. 
• The local anesthetics can cause motor dysfunction, meaning the patient may 
have difficulty using its rear legs for a short time.

• Lidocaine is more likely to cause motor dysfunction than bupivacaine but the 
duration of lidocaine is shorter so, either way, motor dysfunction is unlikely to 
be present by the time the patient regains consciousness and needs/wants to 
walk. 
• Ropivacaine is a newer local anesthetic that is even less likely to cause 
motor dysfunction than bupivacaine (although motor blockade with either drug 
is uncommon).

• Vasodilation with subsequent hypotension can occur following local 
anesthetic administration into the epidural space so patients that may be prone 
to hypotension, for example patients in shock, should receive only epidural 
opioids and no epidural local anesthetics.

• The calculated opioid dose should be drawn into a syringe and diluted with local 
anesthetic (sterile water or saline can be used if a local anesthetic is not desired) 
to a TOTAL VOLUME of 1 ml of drugs per every 4.5 kg [or 10 lbs] of patient body 
weight or 0.2 mls/kg [or 2.2 lbs]. A total volume limit of 8 mls per patient no matter 
the size of the patient has been suggested but this is controversial and not used by 

DRUGS DOSAGES 
(mg/kg)

TIME TO ONSET 
(minutes)

DURATION OF 
ACTION (hours)

Preservative-free 
(PF) morphine

0.1 20-45 12-24 

Morphine 0.1 20-45 12-24 

Methadone 0.1-0.3 10-20 6-12 (maybe 18)

Hydromorphone 0.1-0.2 10-20 6-12 (maybe 18)

Fentanyl 0.004 5-10 0.5

Buprenorphine 0.01-0.02 30-60 10-24* 

 Table 7-10
Opioid Doses for Epidural Injection in Dogs and Cats 

* Results differ among studies, minimal information available.
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 Table 7-13
Sample Chart for Adding Analgesic Drugs to IV Fluids for Dogs  

(appropriate if you don’t think that you will need to change the IV fluid rate - if the patient might need a 
fluid bolus it is better to have the CRI in a separate fluid bag or syringe).

Amount of lidocaine (20 mg/ml) to add to a 1-L fluid bag: 

Fluid Rate:* Maintenance*
(50 ml/kg/24hr)

0.5x 
Maint.

2x 
Maint.

Surgical 
(5 to 10 ml/kg/hr)

Lidocaine Dose:

25 microg /kg/min 36 mls 72 mls 18 mls 15 mls (5 ml/kg/hr)
7.5 mls (10 ml/kg/hr)

50 microg/kg/min 72 mls 144 mls 36 mls 30 mls (5 ml/kg/hr)
15 mls (10 ml/kg/hr)

75 microg/kg/min 108 mls 216 mls 54 mls 45 mls (5 ml/kg/hr)
22.5 mls (10 ml/kg/hr)

Before adding the lidocaine, remove the same volume of LRS as you will be adding of 
lidocaine. Lower dosages (25 to 50 microg/kg/min) are used for analgesia while all 3 
dosages are used for antiarrhythmic therapy. 

QUICK CALCULATION: You can easily split the difference between the two analgesic 
dosages of lidocaine - for 36 mi crog/kg/min of lidocaine  add 50 mls of 2% lidocaine to 
1-L of LRS and run at 1 ml/POUND/hr (or 0.5 ml/kg/hr).

* Most veterinarians consider maintenance to be 40 to 60 mls/kg/24 hrs 
in dogs, with the lower end of that rate used in cats. If the infusion rate is 
halved, the amount of lidocaine in the bag should be doubled to keep the dose
constant. We have rounded the volumes slightly up or down to make them 
clinically useful.

 

Amount of morphine (15 mg/ml) to add to a 1-L fluid bag:

Fluid Rate:* Maintenance*
(50 ml/kg/24hr)

0.5x 
Maint.

2x 
Maint.

Surgical
(5 to 10 ml/kg/hr)

Morphine Dose:

0.5 microg /kg/
min
(cat dose)

1.0 mls 2.0 mls 0.5 mls 0.40 mls (5 ml/kg/hr) 
0.20 mls (10 ml/kg/hr) 

1 microg/kg/min 2.0 mls 4.0 mls 1.0 mls 0.80 mls (5 ml/kg/hr)
0.40 mls (10 ml/kg/hr)

2 microg/kg/min 4.0 mls 8.0 mls 2.0 mls 1.60 mls (5 ml/kg/hr)
0.80 mls (10 ml/kg/hr)

QUICK CALCULATION: Ketamine CRI: Add 60 mg (0.6 mls of 100 mg/ml) ketamine to 
a 1-L bag and run at 2 mls/kg/hr to provide 2 microg/kg/min or at a surgical fluid rate 
(10 ml/kg/hr) to provide 10 microg/kg/min (intra-op dose).
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(for people that really want to do the math)

For drugs that don’t need to be diluted (generally used for drugs in an infusion pump):
• Calculate the TOTAL mgs or microgs needed:
• Dose of infusion in mg/kg/hr or mic/kg/min or whatever (use mg/kg/hr for now) x body 
weight in kg = total mg/hr needed.

• Divide the calculated mg/hr by the concentration of the drug in mg/ml and now you have 
the mls/hour.
• Divide the number from the calculation above by 60 to get the mls/min:
• Divide by 60 again and to get the mls/second. 
• Most drip sets are either 10 drops/ml or 60 drops/ml .
• Calculate the drops/second the patient needs by multiplying the number of drops/ml in 
the drip set by the number of mls/second. 
• Of course if you have a syringe pump, you can stop at mls/min and just program the 
pump!

• SO, a dog weighs 40 kg and needs a CRI of 2 mg/kg/hr and the drug is 0.2% (2 mg/ml).
• 5 mg/kg/hr x 40 kg = 200 mg/hr divided by 2 mg/ml = 100 ml/hr (program the pump now or 
move on to drops).

• 100 ml/hr divided by 60 = 1.666, divide by 60 again = 0.027 x 10 drops/ml = 0.2 drops/
second or (to make counting easier) 1 drops per every 5 seconds.

For drugs that need to be diluted and administered using a syringe pump:

QUICK TIP from the WSU Technicians: Quick and easy calculation for a 50 ml 
syringe-pump infusion of lidocaine/ketamine or lidocaine/ketamine/morphine
1.  DRAW *42.2 ML SODIUM CHLORIDE INTO A 60 ML SYRINGE.
2.  ADD 7.5 ML (150 MG) LIDOCAINE
3. ADD 0.3 ML (30 MG) KETAMINE
4. IF YOU CHOOSE TO ADD MORPHINE, ADD 0.8 ML* (12MG) 
*For accuracy, you should subtract another 0.8 mls of saline at the start (so total saline in the 
syringe would be 41.4 mls so that the total final volume of saline + drugs will be 50 mls. This 
isn’t critical but does increase precision of the concentration of the infusion.
5. ADMINISTERED AT 1 ML/KG/HR, THIS WILL DELIVER LIDOCAINE 50 MCG/KG/MIN; 
KETAMINE 10 MCG/KG/MIN; MORPHINE 4 MCG/KG/MIN

For drugs that need to be diluted (this is generally for drugs that will be diluted in large 
volumes, like a bag of fluids)
• Again calculate the number of mg/hr that you need.
• Decide the fluid rate you want to deliver in ml/kg/hr.
• Multiply this by the body weight to get the mls/hour.
• We need to deliver ‘x’ mg/hr of a drug in ‘x’ mls/hr of a drug so all we need to do is figure 
out how many mgs we need in each ml. Do this by dividing mg/hr by mls/hr and that gives 
us mg/ml.

 Table 7-14
Calculating Constant Rate Infusions 
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ITEM OR TASK Check!

Patient

  Do a good physical exam

  Weigh the patient

  Complete and assess blood work or other necessary diagnostics

Machine and breathing system set-up

  Inhalant levels full

  Oxygen connected and adequate amount available

  Rebreathing system set for patients over 5 kg

  Bain circuit (non-rebreathing system) for patients under 5 kg

  Carbon dioxide absorbent checked/changed

  Breathing system pressure checked

  Pressure relief valve (pop-off valve) open

IV catheter set-up

  Catheter: Cats and toy dogs 22-gauge; Small, medium, large dogs 
  20-gauge; Very large and giant dogs 18 gauge

  Clippers, scrub & alcohol

  Injection cap or injection port (‘T-port’)

  Saline or heparinized saline for flushing the catheter

  Dry sponges to dry skin, tape to secure catheter. Secure it well!

Supplies for premedication 

  Anesthetic record with appropriate patient information and drug dosages

  Choose and calculate dosages for premedication drugs; Draw up drugs

Supplies for induction

  Anesthesia mask for pre-oxygenation

  Choose and calculate dosage for induction drugs; Draw up drugs

  Laryngoscope

  Endotracheal tube
    • palpate trachea and use your best judgment, also have a tube one size
    smaller and one size larger at your station
    • Inflate the cuff of the tube, leave inflated for about 15 minutes to really 
    test the cuff

  Sterile lube to LIGHTLY lube the endotracheal tube before insertion into 
  the trachea. Be careful not to occlude the ‘Murphy eye’ or the end of the 
  tube with lube!

  Stylet for ET tubes under 5.0 mm

 How to: Set-Up for Anesthesia
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A
Abdominal blocks, 259-274
Abdominal radiography/ultrasound, 
preanesthesia, 12
Abdominocentesis, preanesthesia, 13
Acepromazine
 for castration protocol, 347
 for hypertension, 388
 for postoperative pain, 335
 in premedication
  for dogs and cats, 93
  for horses, 411
  precautions for, 85-86
 in recovery phase, 114, 116
 for renal disease protocol, 360
 for small mammals, 444, 447
Acupuncture, 233
Adjunctive analgesics, with local 
anesthetics, 246
Adverse effects, 73
Airway pressure manometer, 40, 203
Albuterol, for horses, 436
Alfaxalone, 4
 in cesarean section, 349
 for healthy cats, 343
 for hepatic disease protocol, 357
 in hypoventilation, 391
 in induction phase, 97-98, 105, 106
 infusions, in maintenance phase, 112-113
 in maintenance phase, 109
 in premedication, 94
 for rabbits, 453
 for renal disease protocol, 360
 for seizure protocol, 362
 for small animals, 444, 447, 448
 titration of, 311
Alfaxan®, 97-98
Alpha-2 adrenergic agonists, 231, 431
Alpha-2 agonists, 236
 administered concurrently with induction 
 drugs, 104
 causing bradycardia, 185
 clinical use of, 87-88
 in CRIs, 281, 435
 in diabetes protocol, 352
 effects and adverse effects of, 87
 for horses, 432, 433

  administering, 413-417
  in CRIs, 435
  for induction, 413
  with ketamine in anesthesia 
  maintenance, 417
  with opioids in recovery, 426-427
  premedication, 411-412
 ketamine and, 111
 key points for, 89
 with local anesthetics, 246
 in pale mucous membrane color, 133
 for postoperative pain, 335
 precautions for, 88
 in premedication, 86-89
 in recovery phase, 114, 116
 for renal disease protocol, 360
 reversal of, 118, 335
 side/adverse effects of, 86-87
 in sinus bradycardia, 379, 380
 for small animals, 445, 447
 specific drugs, 89-90
 systemic vasoconstriction with, 132

for trauma patients, 365 
Alpha-2 antagonists, in alpha-2 agonist 
reversal, 118
American Society of Anesthesiologists 
(ASA) physical status scores, 8, 344

increasing or decreasing, 13 
Amiodarone, for emergencies and CPCR, 
403, 404
Analgesia
 for brachycephalic airway disease and 

upper respiratory dysfunctions, 345 
 in cesarean section, 340
 four phases of, 234-235
 goal of, 213-214
 for healthy cats, 341-342
 for healthy dogs, 340
 for heart disease protocol, 355
 for hepatic disease protocol, 357
 importance of, 2-3, 212
 for intraoperative pain, 183
 multimodal, 224
 perioperative protocols for, 236-241
 for postoperative pain, 335
 preemptive, 223
 principles of, 3
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