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SMALL RUMINANT FORMULARY
The small ruminant (sheep and goat) formulary is used as a guide for selection of the anesthetic and analgesic regimen that best fits the needs of the procedure. The below anesthetic and analgesic regimens are suggestions and other methods are possible. The Animal Welfare Act (AWA) defines a painful procedure as any procedure that would reasonably be expected to cause more than slight or momentary pain and/or distress in a human being to which that procedure is applied.  The US Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training state that in general, “it should be considered that procedures that cause pain in humans may also cause pain in other animals.” It is the MGH IACUC’s responsibility to ensure pain in laboratory animals is minimized, unless scientific justification can be provided.  The following are anesthetic and analgesic management guidelines for MGH researchers based on current veterinary recommendations and best practices.  The nature of specific studies might require deviations from these guidelines, which should be discussed with IACUC and veterinary staff at the time of protocol development.

DEFINITIONS:
· Anesthesia: A state of controlled, temporary loss of sensation or awareness that is induced. It may include some or all of analgesia, paralysis, amnesia, and unconsciousness.
· Sedation: A state of central depression where the animal is drowsy and relaxed to some degree. The animal is generally unaware of its surroundings but can be aroused and stimulated by noxious stimuli.
· Induction: An agent used to induce a patient undergoing general anesthesia.
· Pre-medication[footnoteRef:1]: Drugs that are given in preparation for a procedure. Giving these agents beforehand may make the induction and transport of the animals less stressful. May also help with pain and reduction of the overall amount of drug needed to maintain anesthesia. [1:  Premedication is not typically used rarely needed in small ruminants.] 

· Pre-emptive/pre-procedural analgesia: Analgesia administered before a procedure begins.
· Analgesia: Absence of pain in response to noxious or painful stimulus.
· Analgesics: A class of drugs that relieve pain without causing the loss of consciousness.
· Multimodal/balanced analgesia: A pharmacologic method of pain management which combines various groups of medications for pain relief. This approach is a more effective pain control strategy, potentially decreasing the complications associated with suboptimal pain control and may decrease the use of opioids and associated side effects. An example of a multimodal analgesic regimen includes the use of the opioid buprenorphine PLUS the NSAID carprofen.
· Local anesthetics (e.g. bupivacaine): An anesthetic that affects a restricted area of the body. Can be infiltrated at the site of an incision to reduce the perception of pain at the surgical site. The use of a local anesthetic may also allow reduced levels of general anesthesia, which may result in quicker and smoother recoveries for an animal.  
· Opioids: for the control of acute or chronic visceral pain, opioids are the most powerful and effective analgesics. Bradycardia, respiratory depression, excessive sedation, nausea, and ileus may be side effects. Opioid agonist-antagonists, such as buprenorphine, have minimal side effects. The administration of NSAIDS concomitantly with opioids may allow the effective use of lower doses of opioids with fewer side effects and adequate pain management.
· NSAIDS (non-steroidal anti-inflammatory drugs): sufficiently potent to treat musculoskeletal, incisional, and acute, mild visceral pain. NSAIDs inhibit the production of metabolic products of arachidonic acid (prostaglandins, prostacyclin) which are potent chemical mediators of inflammation that activate peripheral nociceptors. Combining multiple NSAIDs can lead to renal or gastric toxicity. Platelet inhibition is a risk especially with agents with cyclooxygenase I activity. 


	ABBREVIATION
	DEFINITION

	SID (semel in die)
	Once a day; e.g.) Drug is given SID, every 24 hours.

	BID (bis in die)
	Two times a day; e.g.) Drug is given BID, every 12 hours.

	PO (per os)
	By mouth

	IM
	Intramuscular

	SC or SQ
	Subcutaneous

	IV
	Intravenous

	CRI
	Continuous rate infusion. Used to deliver a controlled and continuous rate of medication over time
















[bookmark: _Hlk84925454]ANESTHESIA
 
 BRIEF, NON-SURGICAL PROCEDURE_
Non-invasive, painless/momentary pain, quick procedures. E.g.) Bandage changes, sedated examinations, sedated blood collection etc.
	DRUG
	DOSE
	ROUTE
	FREQUENCY

	INDUCTION

	Telazol (Tiletamine HCl and Zolazepam HCl)
	2-4 mg/kg
	IM
	Once

	MAINTENANCE

	Isoflurane
	1-5%
	Inhalation (mask)
	Continuous




  SURGICAL PROCEDURES, MINOR/MAJOR PROCEDURES, IMAGING_
[bookmark: _Hlk87548328]Laparotomies, orthopedic, burns, extensive tissue dissections, biopsies, implantations, central venous lines (CVLs), organ manipulations
	DRUG
	DOSE
	ROUTE
	FREQUENCY

	INDUCTION

	Telazol (Tiletamine HCl and Zolazepam HCl)
	2-4 mg/kg
	IM
	Once

	Xylazine
	0.05-0.1 mg/kg
	IM
	Once

	Propofol
	2-6 mg/kg
	Slow IV
	To effect as needed

	MAINTENANCE

	Isoflurane
	1-5%
	Inhalation (intubation)
	Continuous




 MORE INVASIVE MAJOR PROCEDURE (I.E. THORACOTOMY) _
Thoracotomies are painful procedures and will require additional anesthetics to maintain a comfortable, stable, and consistent surgical plane of anesthesia.
	DRUG
	DOSE
	ROUTE
	FREQUENCY

	INDUCTION

	Telazol (Tiletamine HCl and Zolazepam HCl)
	2-4 mg/kg
	IM
	Once

	Xylazine
	0.05-0.1 mg/kg
	IM
	Once

	Propofol
	2-6 mg/kg
	Slow IV
	To effect as needed

	MAINTENANCE

	Isoflurane
	1-5%
	Inhalation (intubation)
	Continuous

	AND
Choose one or more of the following adjunctive anesthetics below. You may consult a CCM veterinarian for assistance with selection.

	Ketamine
	2 mg/kg
	IV
	Once as a bolus

	Ketamine
	0.4-1.2 mg/kg/hr
	IV
	CRI

	Fentanyl
	1-5 ug/kg/hr
	IV
	CRI





ANALGESIA
 MINOR PROCEDURES_
The procedure does not expose a body cavity and causes little or no physical impairment, e.g. wound suturing, peripheral vessel cannulation, percutaneous biopsy.

Systemic analgesia is required at time of surgery or other applicable invasive procedure, PLUS a period of 24 hours after the surgery. If signs of pain do present at any time, a CCM veterinarian should be contacted for an appropriate plan. The use of a local analgesic, in addition to the required systemic medication is recommended, although not required.

One of the following options would fulfill the analgesic requirements for a minor procedure:
	DRUG
	DOSE & FREQUENCY
	ROUTE
	COMMENTS

	Flunixin meglumine 
	1-2.5 mg/kg at the time of surgery and 24 hrs post procedure
	IM, SC
	This is a Schedule VI controlled substance.

	Buprenorphine
	0.005-0.1 mg/kg at the time of surgery and every 8-12 hrs for 24 hrs post procedure
	IM
	This is a DEA Schedule II-V controlled substance.

	Carprofen
	2-4 mg/kg at the time of surgery and 24 hrs post procedure
	IM, SC, PO
	This is a Schedule VI controlled substance.





 MAJOR PROCEDURE_
The procedure penetrates and exposes a body cavity, procedures substantial impairment of physical or physiologic functions, or involves extensive tissue dissection or transection. E.g., laparotomy, thoracotomy, craniotomy, joint replacement, or limb amputation, or laparoscopic surgery that produces substantial physical or physiological impairment, burns, vascular cuts downs with extensive tissue dissection.

Systemic multi-modal analgesia is required at the time of surgery PLUS at least a period of 72 hours after surgery. Best practice is to administer the analgesic at least 30 minutes before the start of the procedure to ensure that blood levels are adequate. Scientific justification is required if a certain drug type would influence results and therefore can’t be used; justification should include published information to support the claim whenever available.  If signs of pain present despite analgesic administration or persist after the approved therapy timeline, a CCM veterinarian should be contacted for an appropriate plan. Although not required, local analgesics are recommended, especially for those procedures that involve a thoracotomy, large skin incisions or major tissue manipulation.


One of the following combinations would fulfill the analgesic requirements for a major procedure:
	DRUG
	DOSE & FREQUENCY
	ROUTE
	COMMENTS

	Buprenorphine (opioid) + Flunixin meglumine + Bupivacaine
	· Buprenorphine: 0.005-0.1 mg/kg at the time of surgery and every 8-12 hours for 72 hrs.

· Flunixin meglumine: 1-2.5 mg/kg at the time of surgery and 12-24 hrs post procedure for 72 hrs

· Bupivacaine: < 2 mg/kg as a local anesthetic given once at the time of surgery
	· Buprenorphine IM
· Flunixin meglumine IM, SC
· Bupivacaine SQ/intra-incisional
	· Buprenorphine is a DEA Schedule II-V controlled substance. 
· Flunixin meglumine is a Schedule VI controlled substance.
· Bupivacaine is a Schedule VI controlled substance.

	Buprenorphine (opioid) + Carprofen (NSAID) + Bupivacaine
	· Buprenorphine: 0.005-0.1 mg/kg at the time of surgery and every 8-12 hours for 72 hrs.

· Carprofen: 2-4 mg/kg at the time of surgery and every 12-24 hrs for 72 hrs post procedure

· Bupivacaine: < 2 mg/kg as a local anesthetic given once at the time of surgery
	· Buprenorphine IM
· Carprofen IM, SC, or PO
· Bupivacaine SQ/intra-incisional
	· Buprenorphine is a DEA Schedule II-V controlled substance.
· Carprofen is a Schedule VI controlled substance.
· Bupivacaine is a Schedule VI controlled substance.

	***GOATS ONLY***
Buprenorphine (opioid) + Fentanyl patch (opioid) + Flunixin meglumine (NSAID) + Bupivacaine
	· Buprenorphine: 0.005-0.1 mg/kg before and after the time of surgery and subsequent doses as needed.

· Fentanyl patch: 2 ug/kg/hr post procedure and will continuously administer drug for 72 hrs. Remove patch after 72 hrs.

· Flunixin: 2-4 mg/kg at the time of surgery and every 12-24 hrs for 72 hrs post procedure

· Bupivacaine: < 2 mg/kg as a local anesthetic given once at the time of surgery
	· Buprenorphine IM
· Flunixin IM, SC
· Bupivacaine SQ/intra-incisional
	· Buprenorphine and fentanyl patch are DEA Schedule II-V controlled substances.
· Flunixin meglumine is a Schedule VI controlled substance.
· Bupivacaine is a Schedule VI controlled substance.



NOTES:
1. If surgery is performed in Knight Surgery, the use of a fentanyl continuous rate infusion (CRI) may be used. Therefore, pre-emptive/pre-procedural use of buprenorphine is not appropriate as buprenorphine can antagonize the effects of fentanyl, rendering the analgesic effects of fentanyl null.
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