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Anesthesia-Related Mortality

• Confidential Enquiry into Perioperative Small Animal Fatalities

– Prospective

– UK 2002 – 2004, 117 facilities

– 98k dogs, 79k cats, 8k rabbits

– Healthy dogs 1:1849

– Healthy cats 1:895

– Healthy rabbits 1:137
ASA I & II



Anesthesia-Related Mortality

• Banfield Retrospective  (2017)

– 273,684 cats 

– 1,269,582 dogs

– Cats  1:909

– Dogs 1:2000

ASA I - V



HVSN Mortality

• Stationary HVSN clinic in FL (2017)

• Retrospective

• 71,557 cats

• 42,349 dogs

• Cats 1:2000

• Dogs < 1:10,000 ASA ?



Anesthesia-Related Mortality

• Difficult to directly compare studies

– Patient populations, statistics, definitions vary widely

– A well run HVSN clinic may even exhibit better 
mortality data than some other clinical settings

• Anesthesia-related death in humans ~1:200,000
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Patient Differences

• Owned dogs and cats

• Community trapped cats

• Pediatrics

• Pregnant and lactating



Owned Dogs & Cats

• May not have full history
– Vaccines?

– Parasitism?

– Co-existing disease?

• May not have contact with the owner

• Preanesthetic bloodwork usually not available

• May not know fasting status



Fasting Recomendations

• Healthy adults

– Light meal 4 - 6 hours prior

– Water is fine until premedication



Patient Assessment

Focused on cardiorespiratory systems

and urogenital

Increased Perianesthetic Risk
Geriatric
Pediatric
Obese
Respiratory Infection
Heart murmur

Fertile Patient Population



ASA Physical Status

• ASA I                 Healthy, exercise tolerant

• ASA II Mild compensated disease,  
exercise tolerant

• ASA III Severe systemic disease but  
not incapacitating

• ASA IV Uncompensated systemic disease

• ASA V Moribund 

Healthy exercise tolerant patient is best 
anesthetic candidate!



Feral Cats

• Staff safety

• Examine may take place after chemical restraint

• Weight and health status may be estimated



Pediatrics

• 6 – 12 weeks

• Major issues:

Warmth & Sugar



Pediatrics: Thermoregulation

• Higher body surface area:mass

• Minimal fat reserves

• Hypothermia

– Decreases MAC

– Prolongs recovery

– Stresses the cardiovascular system

– Delays clotting

– Increases risk of surgical site infection

– Causes shivering, increasing metabolic O2 requirements

– Unpleasant



Preventing Hypothermia

• Pre-emptive warming

• Avoid unnecessary hair removal

• Use warmed surgical prep solutions
– Avoid alcohol

• Warmed IV fluids



Managing Hypothermia

• Passive Surface Warming
– Insulate from metal

– Baby socks/bubble wrap/space blankets/plastic sheeting

• Active Surface Warming
– Warm water blankets, forced warm air, resistive blankets

• Active Core Warming

– Irrigate abdomen with sterile saline ~104◦F/40◦C



First, Do No Harm



Pediatrics

• Do not fast for more than 4 hours maximum

• Nursing pediatrics should stay with mother 
and be returned as soon as possible

• Monitor BG if possible

• Karo syrup on gums

• IV dextrose should be available

• Return to eating quickly



Pediatrics

• Pharmacokinetic differences from adults

– More total body water
• Larger volumes of distribution for water soluble drugs

– Hypoalbuminemic
• Highly protein bound drugs maybe more available

– BBB not as well developed

– Metabolic and excretory pathways may not be developed
Titrate drugs to effect



Pediatric Cardiorespiratory Systems

• Cardiac output = HR x stroke volume
• Pediatric patients cannot increase contractility or 

manage vasomotor tone
– Blood pressure (organ perfusion pressure) almost 

entirely dependent on cardiac output
– Avoid bradycardia

• Respiratory
– High metabolic O2 demand
– Fixed tidal volume so dependent on high RR
– Supplement O2 & be prepared to ventilate



Pediatrics - Blood Loss

• Healthy adult dogs/cats

– What is allowable blood loss (ABL)?

– ~20%

– How about for pediatrics??

– ~4%

• Estimated blood volume = BWkg * 75 mL/kg

• 1kg = 75 mL EBV = 3 mL ABL



Pregnant & Lactating

• Pregnancy
– Increased plasma volume
– Decreased PCV & TP
– Increased cardiac output & decreased SVR
Changes in VD and protein binding
May require IV fluids

– Increased abdominal pressures
– Hyperventilation 
May require ventilation to maintain O2 saturation

Longer analgesic coverage



Patients Requiring Other Procedures

• Enucleations

• Wound management

• Tail amputations

• Pyometra

• Leg amputations

– Beyond analgesic strategies….
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Anesthetic Systems

• Systems/processes
– “Normal Accident” theory

– Thoughtfully designed environments

– Morbidity/mortality in anesthesia is due to 
the way it is delivered

– Rigorous systems reduce opportunity for

and impact of 

*unavoidable human error*



Factors that Contribute to Error

• Human factors = Active errors

• Inadequate knowledge

• Improper technique

• Equipment misuse

• Dismissal of data

• Fatigue, physical/mental stress



Factors that Contribute to Error

• System factors = Latent Errors

• Communication failure

• Resource limitations

• Training and supervisory limitations

• Equipment failure

• Diagnostic/treatment limitations



Active Failures

Latent Failures



Active Failures

Latent Failures

Systems Defenses



Anesthesia Systems
• Checklists

• Drug Dosing Charts

• Monitoring & Supportive Care

• Anesthesia Equipment Management

• Emergency Preparedness



Anesthesia Systems

• Checklists
– Cognitive aids that reduce error and improve communication

– Organize essential steps

– Impose structure

– Ensure implementation

– Surgical Safety Checklist

– Patient hand-off checklists









Monitoring

• Anesthesia reliably upsets homeostasis

• Technician with hands, eyes, & ears on the 
patient at all times

• Temperature

• Pulse oximetry

• Doppler BP

• Capnography

• ECG



Supportive Care

• Oxygenation
– Supplement oxygen

• Organ perfusion
– Volume status – IVF?
– Avoid deep anesthesia

• Thermoregulation 
– Manage heat loss

• Ventilation
– Manually ventilate
– Intubating cats? 



Intubation

• CEPSAF study
– Intubating cats correlated with increased risk of death

– Trending towards more so in short procedures and less so in 
procedures of longer duration

• It is ALWAYS best to control the airway and be able to 
ventilate for an animal

• For short procedures in cats, intubation may not be 
required, depending on the abilities of nursing staff

• Waste gas exposure!



• Preoxygenate and monitor throughout

• Ensure good visualization

– Laryngoscope

• Lidocaine 2% 0.05 – 0.1 mL

• Wait 30 seconds

• 3.5 – 5 mmID high volume, low pressure ETT

– +/- stylet

• Tip at thoracic inlet

• Minimum no-leak volume

Endotracheal Intubation



Anesthesia Equipment

• Nonrebreathing circuit           >250 mL/kg/min

– < ~ 5 -7 kg

• Rebreathing circuit          ~20 – 40 mL/kg/min

– >~5-7 kg

• Reservoir bag ~50 mL/kg



Anesthesia Equipment

• Different patients require different anesthesia 
machine setups

• CHECK THE MACHINE BETWEEN EVERY PATIENT





Emergency Preparedness

• If not intubating, be prepared to do so
– Ambu bag

• If not placing IVC, be prepared to do so

• Close monitoring allows you to avert disaster

• Know emergency drug doses in mL/kg or mL/#



Anesthesia-Related Death

• Most deaths occur in the recovery period

• But vigilance is required throughout
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Anesthetics & Sedatives

• Least interesting part

• They are ALL bad

• Dose-dependent cardiorespiratory depression

• It’s not the drugs, it’s how you use them



Anesthetics & Sedatives

• Balanced Anesthetic Protocol:

• Opioid +/- sedative +/- anticholinergic IM or IV

• IV induction to effect

• Inhalant (+/- IV infusions)

• Local anesthesia + NSAID



Differences in Drug Administration

• May premedicate several patients at once

– May compound drug cocktails

• May use heavy IM premedication or IM induction

• May require total injectable anesthetic protocols



Total IM Induction

• Dissociative & alpha-2 agonist  +/- opioid

• Drugs not titrated to effect

• Monitoring & supportive care minimal during induction

• Anesthesia can be extended by “topping up” with IV 
administration ¼ of the original volume



Sedatives

• Acepromazine
– Vasodilation, hypotension, tachycardia
– Not reversible, not analgesic

• Dexmedetomidine
– Vasoconstriction and reflex bradycardia
– Transitions to central sympatholysis
– Reversible, analgesic

• Midazolam
– Minimal cardiorespiratory effects
– Reversible



Induction Agents

• Dissociatives
– Increase sympathetic outflow
– Analgesic and antihyperalgesic

• Propofol 
– Profound vasodilation and apnea
– Smooth induction and recovery

• Alfaxalone
– Vasodilation and some ventilatory depression
– Controlled, expensive

• Fentanyl/Midazolam
– Hemodynamic stability

• Thiopental? 
– Availability?
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