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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.”  Also important is that some animals, especially prey species such as mice and rats, mask signs of pain until they are quite severe.   It is the MGH IACUC’s responsibility to ensure pain in laboratory animals is minimized, unless scientific justification can be provided.   Therefore, it is common practice to preemptively develop pre and post-operative monitoring plans, which include pain management schedules, for each procedure in an approved protocol.  The following are pre and post-operative pain 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.
Level 1: Systemic analgesia is required at time of surgery or other applicable invasive procedures1, but no additional postoperative analgesia is required as long as signs of pain are not present. If signs of pain do present at any time2, 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 required4.  

LEVEL 1 PROCEDURES (this list is not exhaustive, and is subject to change):
	Non-invasive catheter or electrode placement
Intrathecal catheters
	Skin incisions
Cutaneous mass removal or implantation with small skin incision
	SQ pump implants and/or removals
	Embryo transfer
	Bone Marrow Aspirates
	Brain cannula implants (dura is not disturbed)
Thyroidectomy
Tail biopsy in mice >21 days of age
1st degree burns (of relatively small surface area).

One dose of one of the following would fulfill the analgesic requirements for a level 1 procedure:
	DRUGS(drug class)
	DOSE and FREQUENCY
	ROUTE
	OTHER COMMENTS

	Buprenorphine (opioid)
	0.05-0.1 mg/kg 
	SQ or IP
	This is a DEA Schedule II-V controlled substance.

	Carprofen (NSAID)
	5 mg/kg 
	SQ or IP
	This is a Schedule VI controlled substance.

	Ketoprofen (NSAID)
	5 mg/kg 
	SQ or IP
	This is a Schedule VI controlled substance. Ketoprofen is recommended for mice only.

	Meloxicam (NSAID) 
	5 mg/kg (mice)
2 mg/kg (rats) 
	SQ or IP 
	This is a Schedule VI controlled substance. 



Level 2: Systemic analgesia is required at the time of surgery1 PLUS a period of 72 hrs after the surgery.  The use of a local analgesic, in addition to the required systemic medication is recommended, although not required4.  If signs of pain2 present despite analgesic administration or persist after 72 hours, a CCM veterinarian should be contacted for an appropriate plan.  
LEVEL 2 PROCEDURES (this list is not exhaustive, and is subject to change):
	Most procedures that require a laparotomy	
Castrations
	Ovariectomies
Cutaneous mass removal or implantation with large skin incision
	Invasive electrode or catheter placement
Cranial procedure where dura is disturbed
	Cutaneous mass removal
	Extraocular surgery
	Thymectomy
Vasectomy
Splenectomy
Parabiosis
Cranial, mammary or lymph node windows
2nd degree burns (of relatively small surface area) or extensive 1st degree burns.
Middle- cerebral artery occlusion (MCAO)3 

One of the following options would fulfill the analgesic requirements for a level 2 procedures:
	DRUG (drug class)
	DOSE and FREQUENCY
	ROUTE
	OTHER COMMENTS

	Buprenorphine (opioid)
	0.05-0.1 mg/kg at the time of surgery and every 6-12 hrs for 72 hrs post procedure
	SQ or IP
	This is a DEA Schedule II-V controlled substance.

	Carprofen (NSAID))
	2-5 mg/kg at the time of surgery and every 12-24 hrs  for 72 hrs post procedure
	SQ or IP
	This is a Schedule VI controlled substance.

	Ketoprofen (NSAID)
	5 mg/kg at the time of surgery and every 12-24 hrs for 72 hrs post procedure
	SQ or IP
	This is a Schedule VI controlled substance. Ketoprofen is recommended for mice only.

	Meloxicam (NSAID)
	5 mg/kg (mice)
2 mg/kg (rats) at the time of surgery and every 12-24 hours for 72 hours post procedure 
	SQ or IP
	This is a Schedule VI controlled substance. 



Level 3: Systemic multi-modal analgesia is required at the time of surgery1 PLUS at least a period of 72 hours after surgery.  Multi-modal analgesia is the combination of at least two different drug types, such as the use of the opioid buprenorphine PLUS the NSAID carprofen.  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 pain2 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 for use in level 3 procedures, especially for those procedures that involve a thoracotomy, large skin incisions or major tissue manipulation4.

LEVEL 3 PROCEDURES (this list is not exhaustive, and is subject to change):
	Most procedures that require a thoracotomy
Major laparotomy with organ involvement
Extensive dissection of soft tissues and organ transplants
	Intraocular surgery
	Orthopedic surgery/ dissection of joints
	Limb ischemia
Footpad injections
3rd degree (full thickness) burns or extensive 2nd degree burns.

One of the following combinations would fulfill the analgesic requirements for a level 3 procedures:
	DRUGS (drug classes)
	DOSE and FREQUENCY
	ROUTE
	OTHER COMMENTS

	Buprenorphine (opioid)
+ Carprofen (NSAID)
	Buprenorphine: 0.05-0.1 mg/kg at the time of surgery and every 6-12 hrs for 72 hrs post procedure.
Carprofen: 2-5 mg/kg at the time of surgery and every 12-24 hrs for 72 hrs post procedure.
	Buprenorphine  SQ or IP
Carprofen SQ or IP
	Buprenorphine is a DEA Schedule II-V controlled substance. Carprofen is a Schedule VI controlled substance.

	Buprenorphine (opioid) 
+ Ketoprofen (NSAID)
	Buprenorphine: 0.05-0.1 mg/kg at the time of surgery and every 6-12 hrs for 72 hrs post procedure.
Ketoprofen: 5 mg/kg at the time of surgery and every 12-24 hrs for 72 hrs post procedure.
	Buprenorphine  SQ or IP
Ketoprofen SQ or IP
	Buprenorphine is a DEA Schedule II-V controlled substance. Ketoprofen is a Schedule VI controlled substance. Ketoprofen is recommended for mice only.

	Buprenorphine (opioid) + Meloxicam (NSAID)
	Buprenorphine: 0.05-0.1 mg/kg at the time of surgery and every 6-12 hrs for 72 hrs post procedure.
Meloxicam: 5 mg/kg (mice)
2 mg/kg (rats) at the time of surgery and every 12-24 hours for72 hours post procedure. 
	Buprenorphine  SQ or IP
Meloxicam SQ
	Buprenorphine is a DEA Schedule II_V controlled substance. Meloxicam is a Schedule VI controlled substance.




1Best practice is to administer the analgesic at least 30 minutes before the start of the procedure to ensure that blood levels are adequate.
2Common signs indicative of pain in a rodent include tucked posture (especially if after an abdominal procedure or injection), aggressiveness during handling or reluctance to being handled, extreme lethargy or decreased activity, distancing from cage mates, ungroomed with rough hair coat, self traumatizing surgical site, increased respiratory rate or effort, or porphyrin staining (rat).
3Meloxicam, but not buprenorphine has been shown to affect infarct size in mice undergoing MCAO procedure: Comp Med. 2013 Apr; 63(2): 105–113.
4Local analgesics can be infiltrated at the site of an incision to reduce the perception of pain at the surgical site. The use of a local analgesic may also allow reduced levels of general anesthesia, which may result in quicker and smoother recoveries for an animal.  

	DRUGS
	DOSE and FREQUENCY
	ROUTE
	OTHER COMMENTS

	Lidocaine HCl (without epinephrine) 2% (20m/ml)*
	Give once before incision. Do not exceed 7mg/kg total dose.
	Inject intradermally (local infiltration) or subcutaneously at site of intended incision.
	*Dilute to 0.5%; dilute the 2% (20 mg/ml) Lidocaine 1:4 with sterile, pyrogen-free water to get final concentration of 0.5% (5 mg/ml)

	Marcaine HCl (Bupivacaine) 0.5% (5mg/ml) **
	Give once before incision.  Do not exceed 8mg/kg total dose.
	Inject intradermally (local infiltration) or subcutaneously at site of intended incision.
	**Dilute to 0.25%; dilute the 0.5% (5 mg/ml) Bupivacaine 1:2 with sterile, pyrogen-free water to get final concentration of 0.25% (2.5 mg/kg)   



Information on drug types (adapted from http://www.dar.emory.edu/vetcare/analgesic_drugs.php):
Opioids: for the control of acute or chronic visceral pain, opioids are the most powerful and effective analgesics. Bradycardia, respiratory depression, excessive sedation, nausea, ileus and pica (esp. in rats)  may be side effects. Opioid agonist-antagonists, such as buprenorphine, have minimal side effects. Opioids and opioid agonist-antagonists may increase CSF pressure and should be used with caution in craniotomy cases. 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. Carprofen (Zenecarp) has low cyclooxygenase 1 inhibitory effects and a low potential for renal or gastric toxicity. 
##For general information on the use of analgesia in laboratory animals, including recommendations on multi-modal usage, please refer to: National Research Council. Recognition and Alleviation of Pain in Laboratory Animals. Washington, DC: The National Academies Press, 2009. doi:10.17226/12526 and ACLAM Guidelines for the Assessment and Management of Pain in Rodents and Rabbits: http://www.aclam.org/Content/files/files/Public/Active/position_pain-rodent-rabbit.pdf
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