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 “TripleDrip” or “G-K-X” is one form of total intravenous anesthesia (TIVA) that 
has been used in equine veterinary medicine for everything from field castrations to colic 
surgeries. Although these forms of anesthesia have their place, the American College of 
Veterinary Anesthesiologists (ACVA) recommends that they be used only for procedures 
that are anticipated to be one (1) hour or less in duration.  TIVA has a high rate of safety 
when used at recommended doses and for procedures lasting less than 1 hour. When 
youstart to consider doing lengthy surgical procedures, you indeed have to consider how 
anesthesia is going to be provided. The ACVA prefers and recommends the use of 
inhalant anesthesia for procedures greater than 1 hour in length. 
 Because of the size and weight of the patients, there are special concerns affecting 
the cardiovascular, respiratory and even the musculoskeletal systems.  The horse can be 
injured during the fall from standing to recumbency in the induction phase or from 
recumbency to standing in recovery.  

Transportation to the surgery room or recovery room can be challenging. The 
most convenient transportation method is probably the in-floor table. The 
induction/recovery room is elevated avove the floor level of the surgery room. The 
surgery table rolls into a section of the floor and then a pad is laid over it. After the horse 
is induced, it is pulled onto the surgery table and the table is then wheeled directly into 
the surgery room.  The most common transportation used is the hoist. After induction, the 
patient is hoisted off of the floor by hobbles placed around the pasterns and moved over 
the surgery table and lowered onto it. This makes positioning the patient exactly for 
surgery much easier. In the event that you do not have a hoist, the hydraulic surgery table 
can be lowered very close to the floor and the horse can be rolled onto the table and into 
position. This procedure is very labor intensive and requires much help in the form of 
experienced technicians or other staff. 

There is a need for a specialized large animal machine and endotracheal tubes. 
Due to the horse’s deep thorax, ventilation-perfusion inequality (V/Q  mismatch), 
hypoxemia, hypercarbia and hypoventilation are common resulting in the need for 
assisted ventilation. Pregnant mares are at increased risk of abortion in the face of 
decreased uterine profusion. 

When the patient is positioned on the table, great care must be taken to pad 
adequately, paying close attention to the heavily muscled shoulders and hip areas as well 
as the joints as the horse’s weight can cause muscle ischemia, neuropraxia and myopathy. 

The patient’s size is also a consideration when considering the safety of the staff 
involved in induction or assisted recovery. Make sure you have skilled personnel, each of 
whom is assigned a specific task. During inductin the anesthetist should be the person in 
charge, letting everyone know when induction is occurring. NO OWNERS should be 
allowed to assist with or observe induction or recovery.  

Physiologic characteristics need to be considered before anesthetizing a horse. 
Obligate nasal breathing, where the horse can only breath through his mouth when orally 
intubated,  can become an issue when nasal edema occurs and results in airway 
obstruction. In anesthetic events > 1 hour, horses are prone to soft palate displacement 

583



and nasal edema, causing obstruction and can be recovered with the endotracheal tube 
left in place.  

Intestinal ileus after anesthesia is a serious complication that can cause gas 
accumulation, abdominal pain and colic. Withholding food for a few hours prior to 
surgery and feeding the patient grass hay immediately upon return to its stall after surgery 
appear to minimize these complications. 

Cardiovascularly, dysrhythmias such as sinus arrhythmia, 1st, and  2nd    degree AV 
blockade are common in normal horses. These types of arrythmias will sound regularly 
irregular on auscultation and should disappear with exercise. They usually cause no 
problem in an anesthetized horse and are many times corrected by anesthesia.  Atrial 
fibrillation will sound irregularly irregular and the rate may vary from slow to fast. This 
arrhythmia must be confirmed or ruled out by ECG. Many horses with atrial fibrillation 
do relatively well under anesthesia and maintain adequate cardiac output. If very severe 
treatment with quinidine either pre- or peri- operative may be required. Premature 
ventricular contractions (VPCs ) will sound like intermittent pauses in the heartbeat and 
there will often be pulse deficits where you will not feel a pulse for each heartbeat you 
hear. The cause of VPCs should be investigated prior to anesthesia. During anesthesia 
they are generally caused by hypoxemia or electrolyte abnormalities. 

After consideration of general physical characteristics you must consider your 
patient’s information gathered through a detailed history, physical examination and 
appropriate bloodwork.  You are then prepared to select an anesthetic protocol. Some 
common combinations of drugs and dosages are 

 
Premedication                 IV Induction 
Xylazine 1.1 mg/kg    Ketamine 2.2 mg/kg 
 
Xylazine 1.1 mg/kg    Ketamine 2.2 mg/kg 
Butorphanol 0.02-0.03 mg/kg 
 
Detomidine   0.004 mg/kg   Ketamine 2.2 mg/kg 
Butorphanol 0.02 mg/kg 
Xylazine 0.8 mg/kg 
Xylazine1.1 mg/kg    Diazepam 0.05mg/kg 
Butorphanol 0.02-0.03 mg/kg  Ketamine 2.2 mg/kg 
 
Xylazine0.7 - 1.1 mg/kg   Guaifenesin 55mg/kg 
With or without Butorphanol  Ketamine 1.7 mg/kg 
 
Acepromazine 0.04 mg/kg   Ketamine 2.2 mg/kg 
Xylazine 0.8-1.1 mg/kg 
 
Detomidine 0.02 mg/kg   Ketamine 2.2 mg/kg 
 
Xylazine 0.6     Guaifenesin 55-110 mg/kg 
      Thiopental 4.4 mg/kg to effect 
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Detomidine 0.004 mg/kg   Guaifenesin 55-100 mg/kg 
Butorphanol 0.02 mg/kg   Thiopental 3.4 mg/kg to effect 
Xylazine 0.8 mg/kg 
 
Detomidine 0.007-0.01 mg/kg  Guaifenesin 55 – 110 mg/kg 
      Thiopental 3.4 mg/kg 
 
Romifidine (0.08-0.12 mg/kg IV) can be substituted for Xylazine above. 
The alpha2 agonists in the protocols should be titrated by giving 1/3 the calculated dose 
at a time until desired effect is reached. 
The detomidine/xylazine/butorphanol combination is effective in fractious or extremely 
unruly horses for sedation. 
Foals that are less than 2 months of age and/or are sick or debilitated, depend more on 
heart rate than cardiac contractility for blood pressure maintenance. Different drug 
combinations and dosages need to be considered in these patients 
 
Premedication    IV Induction 
 
Foals < 6 weeks of age  
Pentazocine (Talwin) 0.3-0.5 mg/kg Ketamine 1-2 mg/kg or  
Diazepam 0.1-0.2 mg/kg   Mask induction with inhalant 
 
Butorphanol 0.1-0.2 mg/kg   Diazepam 0.05 mg/kg 
Xylazine 0.3-1.0 mg/kg   Ketamine 2.2 mg/kg 
(For use in foals >6 weeks of age) 
 
Butorphanol (0.1 mg/kg) can be substituted for pentazocine with increased respiratory 
depression and decreased sedation 
Foals < 2 months of age have significantly reduced MAC values for inhalants 
 
 Inhalant anesthesia in horses is achieved by use of either isoflurane or 
sevoflurane. Both iso and sevo have very low rates of metabolism. <0.2% of isoflurane is 
metabolized.  The MAC value for iso is 1.3. Only 3-5% of sevoflurane is metabolized 
and its MAC value is 2.6. In the average healthy equine patient, the end tidal 
concentrations of either inhalant should be 1 to 1.5 times its MAC value. 
 Endotracheal tube size and placement are very important. The endotracheal tube 
should be as close to the diameter of the patient’s trachea as possible to achieve 
maximum oxygen delivery. You want to make sure you thoroughly flush the patient’s 
mouth with water prior to intubation to prevent any food stuff left in his mouth from 
being carried by the endotracheal tube into the lungs. Eye lubrication gel should be 
applied to the horse’s eyes as soon as it is on the ground.   
 After the patient is intubated and positioned on the table, the anesthetist starts to 
keep a record of the anesthetic period. This record is a legal document and should contain 
notations of all observations of and changes to the anesthetic protocol.  
 The anesthetist uses one or monitors to help determine the horse’s responses to 
the anesthetics. Many complications can be detected early with the use of mechanical 
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monitors. You yourself are a very valuable monitor, being able to determine pulse, 
temperature, heart rate, mucous membrane color , and respirations. Other pieces of 
equipment that are useful are an ECG, capnograph, pulse oximeter, Doppler ultrasonic 
flow detector, arterial blood pressure monitor, arterial blood gas analyzer, and 
oscillametric blood pressure monitor.  Some of the complications that can be detected are 
hypoxemia, hypercarbia, and airway obstruction.  
 Hypoxemia is described as an arterial blood oxygen level of < 90 mmHg. It can 
be corrected by supplementing O2 by nasal insufflation of 10-15 L/min or endotracheal 
intubation and Intermittent positive pressure ventilation (IPPV) with an oxygen demand 
valve or better still, a mechanical ventilator which will provide 100% O2.  Hypercarbia is 
an elevated CO2 level which, measured by a capnograph or blood gas analysis, is an 
indication of poor ventilation. IPPV with a demand valve or mechanical ventilator at 6-10 
breaths per minute is the recommended treatment. The most common airway obstruction 
associated with anesthesia is one caused by nasal edema. The mucous membranes 
become swollen and when the patient is extubated, can not breath through its nose. This 
can be kept to a minimum by positioning the patient on the table with its head and neck 
extended and its nose elevated if in lateral recumbency or nose pointing upward if in 
dorsal recumbency. Jugular compression should be avoided to reduce the nasal edema.  
 The recovery is a very important part of the anesthetic period. Horses should 
recover from anesthesia in a calm and quiet manner in as little time as safely possible. It 
should take place in a padded stall where it is quiet and there is little stimulation. A small 
amount of sedation can be administered to horses that are being taken off of inhalants to 
prolong recumbency until sufficient amounts of inhalant gas are expelled from their 
system and they can stand with minimal ataxia. The horse’s position should again be 
considered and his “down” legs should be pulled forward to decrease the weight exerted 
on them by the rest of the body.  Recovery can be either assisted or unassisted. If 
recovery is unassisted it should be monitored throughout. Assisted recovery would be 
recommended if 3 or more of the following conditions exist; old age(20+), endotoxemia, 
hypothermia(<94F), frog legged position during surgery, severe blood loss in surgery, 
anesthesia time > 3 hours, hypoxemia consistently through surgery, or patient has a cast 
or large bandage on limb.  Assisted recovery can be made less dangerous by the use of 
head and tail ropes with skilled personnel. 
 Because of the variability in size and temperament along with the physiological 
and pharmacological diversity, horses, of all frequently anesthetized species, provide the 
most difficult mental and physical challenge to veterinary anesthetists. 
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