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STANDARDS FOR EXPERIMENTAL ANIMAL SURGERY


Modified from the CCAC, Guide Vol.1 (2nd Ed.) 1993 Chapter IX – Standards for Experimental Animal Surgery

A. INTRODUCTION 

Distress resulting from inappropriate or inadequately performed surgical technique or post-operative care constitutes "unnecessary pain". Adequate knowledge of topics such as animal physiology, pharmacology and anatomy is essential for the success of any research program involving the use of experimental animals, especially where surgical techniques are required. Good surgical techniques, appropriate anesthesia, proper

instrumentation and competent pre- and post-operative care are all essential to the welfare of the experimental animal and the success of the surgical component of the research project, as are correctly designed surgical facilities. 

All persons performing surgical techniques should have demonstrated ability in the surgical procedures required. In this respect, it is essential that institutions provide the opportunity for basic training and practice in required procedures before experimental surgery is conducted. Cadaver practice and non-survival trials can help train investigators. Adequate training and practice will help minimize anesthetic and surgical time and contribute to faster recovery of the animal. 

Medical training does not include training in the husbandry, medicine or surgery of laboratory animals. It cannot be assumed, therefore, that prior human surgical experience will result in good experimental animal surgery because there are significant differences in both anesthesia and surgical technique. The guidelines of the Academy of Surgical Research (ASR, 1989) should be consulted regarding the training necessary for the various groups of professionals. In large experimental surgery programs, a key member of the team should be an experienced veterinary surgeon. The primary objective is always responsible use of the experimental animal. It is important that all personnel involved in acute or chronic surgery treat the animals humanely and with dignity at all times. It is the responsibility of the principal investigator to ensure that proper procedures and precautions are observed. The following standards have been developed as a guide to this

end. 

B. FACILITIES FOR SURVIVAL SURGERY 

The physical environment in which surgery is performed may vary from a specially designed, sophisticated surgery suite to a small, specifically designated area of a laboratory. What is required will depend on the surgical procedure and whether or not the animal is to be recovered from anesthesia. Definitions for major and minor surgery are included in the Glossary. 

The suite in which aseptic surgery is performed should consist of the following separate areas: 

a) animal preparation area; 

b) human preparation/scrub area; 

c) operating room(s); 

d) recovery area adequate for intensive care and post-operative support of animals; 

e) support areas which would include areas for storing instruments, packs, supplies and 

     for washing and sterilizing instruments. 

Only items used on a regular basis (e.g., anesthetic machines, suture materials, stainless steel (s/s) kick buckets, s/s instrument tables) should be stored in the operating room (OR). Ancillary equipment such as electrosurgery units, respirators, and electrocardiogram (ECG) monitors should be easily sanitized, portable, and stored in the support area if not used regularly. 

It is strongly suggested that surgical facilities be within or adjacent to the animal facility. The surgical facility should be located away from the general facility/institutional traffic. Access to the area should be restricted to essential support staff. 

The interior surfaces of the surgical facility should be impervious to moisture and easily cleaned. Floor drains and high pressure hoses may be necessary in facilities used for large domestic animals. The ventilation system of the OR should provide a net positive pressure with respect to the surrounding facilities. The surgery should be supplied with non-recirculated air. Incoming air should be as sterile as possible by means of filtration or some other appropriate system. The operating room floor should be skid-proof. Electrical outlets should be covered and located at least 1.5 m above the floor. The lighting in the OR must be adequate for both surgery and clean-up. Surgical lights, either free standing or mounted on walls or ceiling, are essential. They are equipped with sterilizable handles so that the surgeon can adjust them. Piped-in gas services eliminate the safety hazard of exposed pressurized tanks. Ideally services for oxygen (and nitrous oxide) and suction

should be present in the surgery, animal preparation area and in animal intensive care/recovery. All these areas should also be equipped with a system for scavenging anesthetic gases. Surgery tables should be durable, impervious to moisture and easily cleaned. Stainless steel and plastic are ideal materials for this (Bennett, Brown and Schofield, 1990). 

Ideally ALL recovery surgery should be performed in a suite especially designed for this purpose. However, it is recognized that minor (minimally invasive) surgery in small rodents of the suborder Myomorpha (rats and mice) is often performed in laboratories. In this case, an area in the laboratory should be set aside and used only for surgery, and should be out of the main laboratory traffic. It should be uncluttered, easily cleaned,

well-lit, and should have facilities for evacuating/scavenging anesthetic gases if they are in use. At no time should surgery be performed in an animal housing room. Major (invasive) surgery in rodents, including stereotaxic surgery, should be performed in a dedicated surgery room. 

Intensive care/post-operative recovery should be located adjacent to the OR and close to the persons responsible for post-operative monitoring. This area should be easily sanitized and contain cages/pens of the appropriate size for the species being used. Cages may vary from a sophisticated commercial unit that provides oxygen and heat, to a standard cage in which hypothermia is prevented by increasing the environmental temperature, e.g., by use of circulating hot water blankets, heat lamps or hot water bottles. The type of monitoring equipment found in this room will depend on the surgery performed. However, the means to monitor the animal's cardiovascular system, respiratory system and core temperature should be available. An emergency kit and crash cart should be readily available. Large domestic species (e.g., ruminants or pigs) may be recovered in their individual stalls. The stalls should be clean, warm, dry and well-bedded. If bedding is not in use, animals should not be recovered on the stall floor, but on rubber mats or raised platforms. Since the stalls are likely to be at some distance from the surgery suite, it is important that there be frequent and careful post-operative monitoring. The recovery room should contain an area for record keeping. 

C. PRE-OPERATIVE PLANNING AND ANIMAL PREPARATION 

All persons involved in an experimental surgery program should be identified to ensure that they are properly trained in the principles and practice of aseptic technique, proper instrument use, tissue handling, closure and suturing techniques, anesthesia and analgesia. 

The primary investigator must develop a written protocol for the operative procedure in which possible complications or special maintenance requirements arising from the procedure are anticipated. The protocol should clearly identify the responsibilities of all persons involved in the project; support staff, animal care staff, research technicians and investigators. Adequate staff must be available for proper care of each animal during the peri-operative period. For some projects, the surgical facility may need to be staffed on a 24 hour basis. 

It is recommended that pre-operative care, operative technique and post-operative care practices be developed in consultation with a veterinarian. A laboratory animal veterinarian must be consulted to ensure that there is adequate veterinary care for the animal, including appropriate anesthesia and analgesia. 

Only healthy, disease-free animals should be used in an experimental surgery program. Specific Pathogen Free (SPF) rodents and rabbits are available commercially. Random-source animals must undergo a conditioning period as recommended by the laboratory animal veterinarian. 

A period of acclimatization, in which the animal can adjust to new environments, special housing, tethers, slings, other forms of restraint or frequent handling, is very important. This will greatly decrease the amount of distress or disorientation experienced by the animal and ensure the validity of experimental results. 

Surgical records should be kept for all experimental animals. The degree of detail recorded will vary with the procedure and the species. The amount of information recorded for a calf undergoing heart transplantation will be very different from that recorded for a group of rats undergoing adrenalectomy, for example. 

Each species has a different fasting time before surgery. Food is usually withheld for 12 hours before surgery in dogs, cats, ferrets, non-human primates (NHP) and pigs (Flecknell, 1987). Water should be withheld only for two to three hours (if at all) before the actual surgery so that dehydration does not result. Fasting ruminants for 24 to 48 hours prior to surgery helps to reduce the incidence of rumenal tympany (bloat)

(Flecknell, 1987). It is unnecessary to withhold food and water from rodents and rabbits except in special circumstances such as surgery of the lower bowel. 

If fasting is required, it can be done overnight in large rodents, or for up to 24 hours in rabbits, as they retain their food longer. Mice or other small rodents with similarly high metabolic rates should not be fasted for more than three or four hours (see also Anesthesia). 

D. SURGICAL PROCEDURES AND INTRA-OPERATIVE NURSING CARE 

All species undergoing surgery should receive a similar level of care and attention. Recovery surgery in all species of animals should be performed using aseptic technique. Instruments should be sterile. Objects introduced into the animal, such as telemetry implants, osmotic minipumps, vascular access ports, cannulae and any other biomedical devices, must be sterile. Suitable preparation of the surgeon will include wearing a

scrub suit, performing a surgical scrub, wearing a cap, mask, sterile gown and sterile surgical gloves. For minor recovery surgery in rodents, a minimum of a clean lab coat, hand scrub, mask and sterile surgical gloves is required of the surgeon. 

Surgery in field conditions should be performed in as clean an environment as possible, with sterile instruments, sterile surgical gloves and aseptic technique. 

Every effort must be made to minimize infection. The rat may exhibit increased resistance to post-surgical infection compared to other rodents; however, this should not be an excuse for less-than-adequate sterilization of implants, cannulae, etc., or for non-sterile technique. Routine use of antibiotics is inappropriate.

Those performing "multiple run" surgeries, in which a large number of rodents are undergoing the same procedure, should also use aseptic technique. Several sets of sterile instruments will be required.  Instruments, if used more than once, should be kept in a germicidal solution between animals. 

General publications are available that describe in detail the pre-surgical preparation of the animal and the incision site, the preparation and sterilization of instrument packs, drapes, fluids, etc., and the draping of the animal. For surgeries that are frequently performed in veterinary practice (e.g., rumenotomies, thoracotomies, castrations), clinical approaches may be used. For experimental surgery, guides to approaches for each body

system are available (Gay, 1986a, 1986b, 1989; Swindle and Adams, 1988). 
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When selecting a surgical approach, it is important that the surgeon consider the anatomy and normal body posture of the animal. This is especially important in ruminants. In this way, the least painful approach or the one promoting a speedy recovery can be chosen. The surgeon should also be familiar with the behaviour of the animal species being used, so that the appropriate closure technique can be used. 

During surgery, it is important that the physiological condition of the animal be monitored and kept stable. The degree of monitoring will depend on the equipment available. Basic monitoring of the cardiovascular system,  respiratory system and core temperature requires very little equipment. These observations should be recorded in the animal's surgery record. It is essential that the animal be clinically examined at least twice per day in the immediate post-operative period. 

Attention should be paid to the fluid requirements of the animal. Careful attention should be paid to hemostasis during surgery, to avoid hypovolemic shock, especially in small animals. Prolonged surgical procedures or those in which there will be significant blood loss require intravenous electrolyte replacement and/or blood transfusion. 

The animal should be positioned on the table so as to avoid compromising cardiovascular or respiratory function and pressure point tissue necrosis. It should be protected from hypothermia and firmly, but carefully restrained in the operative position. 

The use of a single animal in multiple survival surgeries is strongly discouraged. Multiple major surgery protocols must be approved by the institution's Animal Care Committee (ACC), and allowed only if for scientific reasons. Multiple major surgeries on a single animal are not to be performed in order to save money. A second major surgery may be performed if it is non-survival. 

Minor procedures such as biopsies may be performed more than once. However, it is important that animals recover completely between procedures. 

The subject of anesthesia is covered elsewhere in this Guide; however, the following points should be noted by experimental surgeons: 

a) all surgical procedures are to be carried out under anesthesia; 

b) those doing surgery have an obligation to be aware of the efficiency of the anesthetic technique being used; 

c) it is the responsibility of the surgeon and anesthetist to ensure that this animal is spared discomfort during the entire peri-operative period. This includes the period during the induction of anesthesia, for the entire  surgical period and for the post-surgical recovery period. 

d) in no case is it acceptable to use muscle paralytics without appropriate anesthetics. No ACC should approve the use of a "paralysed-awake animal" (see also Ethics of Animal Investigation) in a surgical or other procedure which might involve pain or distress. 

E. POST-OPERATIVE RECOVERY AND SUPPORT 

Recovery from anesthesia can be hazardous and requires frequent, perhaps continuous monitoring. Depending on the anesthetic regime, recovery may take from a few minutes to several hours. Qualified staff must be available to monitor the animal throughout the entire recovery period. In the case of recovering neonatal rodents, care must be taken to prevent maternal cannibalism. Under no circumstances should any animal be allowed to recover unattended. 

A number of nursing activities will be required during the immediate post-operative period, e.g., removal of endotracheal tube if used, maintenance or removal of intravenous lines, frequent turning of the animal to avoid bruising and vascular and respiratory problems, and recording of physiological parameters. All these should take place in a designated area suitable for intensive care. 

When normal eating and drinking behaviour has resumed, and physiological parameters have been stabilized or are within expected limits, the animal may be removed from intensive care to more standardized husbandry.  However, the animal must continue to be monitored carefully; the wound will need attention, sutures need to be removed, catheters flushed, etc. Depending on the model created, long-term post-operative care may involve special diets, daily medication, physiotherapy or some other form of specialized treatment. All animals must be monitored for signs of post-surgical infection or other complications. 

The goal of the surgery team must be to minimize any pain or distress. The degree of post-operative pain will vary; however, in all cases, every attempt must be made to relieve pain with appropriate use of analgesics and good nursing care. Investigators must consult with a veterinarian to set up an analgesic regime for ALL species of animals used. The type of analgesic, the dose and duration of treatment will depend on the species and temperament of the animal and the type of surgery it has undergone. Most analgesics in use are relatively short acting and require administration every few hours. It is the responsibility of the investigator to make sure that the necessary staff are available to administer analgesics as prescribed. The laboratory animal veterinarian will have the necessary expertise to advise on the newer analgesics and methods of administration. 

All personnel in the project should be familiar with the animal's behaviour and posture when normal and when in pain. 

a) Responsibility for Surgical Standards 

i) The responsibility for the animal in each surgical case lies with the person doing the surgery who, in turn, should be accountable to the institutional ACC for his/her adherence to these standards and for demonstrating an acceptable level of expertise. 

ii) The responsibility for supervision of the experimental animal surgical facility should be clearly defined. 

iii) Where supportive treatment is required (analgesics, tranquillizers, antibiotics, etc.), the surgical investigator must institute suitable treatment in consultation with a veterinarian. 

iv) If the animal, as a result of the experimental manipulation, is in distress that cannot be relieved, authorized personnel, e.g., the laboratory animal veterinarian, should be contacted immediately and procedures instituted for euthanasia. 
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