Keeping it clean – Minimising perioperative infections.

Serious complications due to infection following ophthalmic surgery are fortunately a rare occurrence.  Endophthalmitis is the most severe and catastrophic.  Inflammation due to non-infectious agents is encountered and can also be linked to the perioperative setting. Toxic Anterior Segment Syndrome (TASS) subsequent to intraocular surgery can be devastating for both patient and surgeon.

Careful preparation of the patient, personnel and equipment/environment within the surgical setting can help reduce the risk.  The overall aim is to keep microbial contamination to an irreducible minimum.

Patient Preparation

The most significant source of contamination within the surgical field is from the patient’s own microbial flora.  Bacteriological sampling from the healthy conjunctival sac commonly yields, amongst others: S. aureus, S, epidermidis, B. coagulanse, E. coli, Corynebacteria, Pseudomonas aerugnosa, and Streptococci, both ( and (-haemolytic.  Together with resident flora of the eyelid margins, lash follicles, and periorbital skin, the eye, as a whole, is fairly inaccessible to disinfection.  The aim of surgical preparation is remove gross dirt and transient organisms whilst reducing resident flora to a sub-pathogenic level with the least amount of tissue irritation and in the shortest amount of time.  In combination with appropriate sterile field creation and maintenance it should be possible to minimise the exposure of colony forming units (CFU’s) to privileged structures. 

Hair removal

Hair is considered a gross contaminant and is traditionally removed from a surgical site by clipping.  Hair is objectionable within a wound and acts as a foreign body, with potentially disastrous consequences intraocularly.

For extraocular procedures clipping is usually limited to the proposed incision site due to the delicate and sensitive periorbital adnexa.  Poor clipping technique is associated with an increased incidence of surgical wound infections due to: inflammation and micro-lacerations, high rebound population of resident microbes and irritation leading to self-trauma.  

For third eyelid, ocular surface and intraocular surgery, the eyelashes are usually removed using scissors.  In human practice, this is not associated with a decreased incidence of endophthalmitis.  Fine, blunt/blunt, curved scissors are coated with lubricant and the lash is trimmed close to the base.  Extreme care is taken to avoid laceration.

Regardless of method, the eye is protected during hair removal by using a sterile water based lubricant e.g. KY, that traps loose hair and facilitates subsequent removal.  KY is also used as a lubricant in the contralateral eye during bilateral procedures.

Clippers must be clean and sharp with no missing or damaged teeth.  A No. 40 or No. 50 blade is appropriate.  Narrow blade clippers intended for foot grooming may be useful.  KY jelly smeared over the area to be clipped lubricates the skin and reduces friction trauma.  Skin must be pulled taught and hair clipped against the direction of hair growth using a flat blade. 

Moist swabs may be used to remove loose surface hairs from the surgical site.  Vacuum cleaners should be used with caution if at all.  A saline flush is used to lift the KY jelly from the ocular surface, removing loose hairs in the process.  Dry cellulose swabs are used to remove residual moisture from the conjunctival sac prior to commencing disinfection, if appropriate for the procedure, to avoid unnecessary dilution of the antiseptic.

Ocular disinfection
Antiseptics describe weak disinfectants that are applied to living tissue. The antiseptic should be carefully selected to avoid inadvertent injury.  Consequences of inappropriate ocular antiseptics include but are not limited to: chemosis, epithelial oedema, corneal erosion/ulceration and self-trauma due to irritation.

Antiseptics must NOT be in a detergent base, commonly known as ‘scrubs’, but prepared as an aqueous solution.  

Chlorhexidine gluconate (CHG), e.g. Hibitane, is effective at 0.05%w/v with or without 4% isopropyl alcohol.  A 99.9% kill rate is achieved within 30 seconds of application.  CHG is a cationic bisdiguanide that alters cell wall permeability leading to precipitation of intracellular contents.  At this dilution there is little corneal toxicity or side effects and it is considered to be broad spectrum in activity, although some Pseudomonas may be resistant.  CHG exhibits prolonged residual activity due to its ability to bind to surface proteins and is said to be active in the presence of organic debris.  Aqueous solutions must be prepared with distilled sterile water. Dilution of CHG with saline solutions will result in the precipitation of chlorhexidine salts which are not only irritant but do not exhibit any antimicrobial activity. The addition of alcohol reduces the likelihood of bacterial proliferation within the solution, as weak antiseptics may support microbial growth.  At higher concentrations, CHG is extremely irritant/toxic and has been associated with severe corneal damage.

Chlorhexidine diacetate should not be confused with CHG. It is extremely toxic even in low concentrations and has been associated with corneal sloughing.

Chlorhexidine gluconate is not very well established as an ocular antiseptic due to concerns over inappropriate dilutions being used.

Povidone-iodine, an iodophor, has been used extensively as an ocular antiseptic. Iodophors are polymeric organic molecules such as polyvinylpyrrolidone (PVP), capable of complexing with iodine species: I-, I2 and I3-. The real bactericidal agent is free molecular iodine, I2.  It is this species alone for which a correlation between concentration and bactericidal activity has been proved, and not for the total iodine or iodophor concentration.1,2,3.  Iodine can penetrate the cell walls of microoganisms rapidly; the presence of PVP facilitates this. The mechanism of bactericidal action is not fully understood but thought to be by oxidation and substitution/iodination of amino acids and fatty acids.

Atypical behaviour of povidone-iodine is observed upon dilution. By dilution, the equilibrium of the iodine complex shifts and more free iodine is available within solution.  If pure, aqueous 10% povidone-iodine is diluted, the concentration of free molecular iodine increases and passes through a maximum approximately in the 0.1% solution.  However, commercially prepared povidone-iodine solutions vary considerably in their I2 concentrations not least because their additives vary, each having their own iodine complexing properties.  Typically a 10% povidone-iodine solution yields 1% iodine and iodide. The concentration of free iodine, I2, is not stated and is difficult to quantify; also changing from batch to batch. 

A paradoxical relationship between concentration and bactericidal activity has been observed in vitro for povidone-iodine3; more dilute solutions exhibiting greater antibacterial action compared to stock solutions, fitting the above atypical observations in terms of free iodine.

Povidone-iodine acts indiscriminately therefore such large amounts of organic debris will reduce the amount of free iodine available for bactericidal activity.  Eyes should be cleansed as far as possible from extraneous matter prior to application of the antiseptic.

Roberts et al demonstrated in vivo ocular use of dilute povidone-iodine solutions in the dog4.  Dilutions in the range 1:10 to 1:50 were recommended for use based on tissue tolerance and CFU reduction.  However, these observations and recommendations have not been paralleled in human studies.  Ferguson et al compared 1% and 5% povidone-iodine, concluding 5% superior5.  2mls of solution were instilled over a one-minute period prior to surgery, allowing for a total contact time of two minutes.  Results were only statistically significant when the initial bioburden was high. Currently, a 1:2 dilution is recommended for human ocular surface disinfection with up to 10% (neat) solution for periorbital use, based on CFU reduction as compared to more dilute solutions.  Betadine was the povidone-iodine solution of choice in human surgery but is now discontinued.  An alternative source, Videne, with different additives, is being used and anecdotally with more irritation/discomfort to the patient. Videne is identical to the commonly used veterinary formulation. 

Roberts described a two-minute irrigation with the diluted povidone-iodine solution followed by a two-minute soak, in the clinical setting this is unlikely to be achieved and a higher concentration may be of benefit.  

The increased volume in Roberts study would ensure a continued supply of available free iodine as compared to a limited supply in a few drops. The large volume would also have an effect by means of dilution, not least on organic debris.

There are no current evidence based guidelines for the use of ocular antiseptics and it is up to the individual to decide the most appropriate concentration and volume, possibly on a patient-by-patient basis.  For veterinary use, the breed is a factor for consideration, e.g. size of conjunctival sac of English Bull terrier vs. St. Bernard!  

Povidone-iodine has a broad range of antibacterial activity and is also effective against fungi and viruses.  It has been shown to be sporacidal on prolonged contact, above 15 minutes.  With a pH of 3-5 it is well tolerated by corneal epithelium but not endothelium and should NOT be used on a ruptured globe.  Experimentally injected eyes demonstrated severe toxicity6.  Thorough irrigation with saline or balanced salt solution should precede intraocular surgery.

Antiseptic solutions should be prepared and maintained in a manner that minimises contamination; weak solutions can support microbial growth.  There have been reports of instrinsic contamination of stock solutions with P.cepacia7.  500ml bags of sterile 0.9% NaCl are convenient, especially when combined with a needle free port.  All solutions must be clearly labelled and dated.  There is no recommended storage time for dilute povidone-iodine solutions, ideally solutions are prepared and discarded on a daily basis.  Stored dilute solutions of povidone-iodine will decolourise as it degrade into iodides.  Iodides have no antibacterial effects.  Tap water should not be considered for diluting povidone-iodine. Tap water is not sterile and is contaminated with numerous impurities capable of reacting with free iodine and thus reducing the amount available for bactericidal activity. Commercially available aliquots are sadly not available in the UK.

Technique of administration varies.  The eye is considered a contaminated site in terms of surgical site preparation.  The ocular surface, fornices and lid margins are prepared before the periorbital areas to ensure contaminants are not spread over the surgical site.  Ophthalmic procedures are considered clean-contaminated in terms of surgical risk classification unless injury/disease is present which increases the risk of contamination. 

Example of technique:

· Gloves are worn to minimise patient contamination and to protect self.

· Remove mucopurulent discharge and extraneous debris if present.

· Clip hair/trim lashes.

· Flush with saline to remove KY and loose hair.

· Use dry cellulose swab to remove excess moisture from conjunctival sac.

· 15ml of 1:50 PVP-I (0.2%) pulse flushed over ocular surfaces, conjunctival sac and beneath third eyelid using a luer-slip syringe.  Dry swabs placed at canthus to collect fluid run off.
· Cellulose swabs impregnated with 1:50 PVP-I used to swab fornices and lid margins.
· 5ml of 1:50 PVP-I instilled in eye.
· 1:10 (1%) PVP-I impregnated swabs used to cleanse lids and periorbital areas, working in the direction of hair growth to avoid dissemination of loose hairs.
· 5ml of saline instilled in eye to remove residual PVP-I.
Preparation of the eye should ideally happen after the patient is positioned for surgery to ensure manipulation by the surgeon does not contaminate the surgical site.

Ruptured globes or those at risk of rupture should not be prepared with a topical antiseptic.  A large volume of sterile balanced salt solution (BSS) or Hartmann’s solution should be used instead, gently irrigating the ocular surface whilst avoiding any pressure on the globe.  Sterile cellulose swabs may be used to drag discharge from the eye, taking care not to disturb any fibrin clots plugging the rupture.  

Creating and maintaining the sterile field 

Creation of the sterile field begins with draping.  Draping is the procedure of covering the patient and surrounding area with a sterile barrier, eliminating or minimising the passage of microbes between sterile and non-sterile areas.  Draping materials should be fluid resistant to keep drapes dry and prevent migration of microbes through capillary action, commonly known as wicking.  The ideal draping material is resistant to tearing, puncture or abrasion that can cause fibre breakdown.  Shed fibres can gain access to the surgical site and elicit a foreign body reaction8.  Re-usable cotton based fabric drapes are not ideal, failing all aforementioned qualities.  In addition residual laundry detergents may act as an inflammatory agent intraocularly9, frequently gaining entry with concurrent use of irrigating solutions.

Non-woven fabric drapes are disposable materials consisting of compressed layers of synthetic fibres (rayon, nylon, polyester, etc.) combined with cellulose (wood pulp) and bonded together chemically or mechanically without knitting, tufting or weaving. The interstices of non-woven fabrics are so small as to prevent microbial migration, either wet or dry. The ideal drape is absorbent whilst being fluid impermeable, frequently configured as a multi-laminate.

Extraocular draping can be achieved using four-quarter drapes, whereby four drapes are laid down to achieve exposure of the surgical site.  More commonly, a fenestrated drape is used which is either pre-cut or formed by cutting a hole in a plain drape.  Securing the drape to the surgical site presents a further complication.  Migration of the drape can result in contamination of the surgical site; drapes must not be repositioned once placed.  Towel clamps are traditionally used to secure drapes to the patient.  These perforating instruments are traumatic and are associated with a painful stimulus and can distort the surgical field.  Once placed, the tips are considered contaminated if subsequently removed for repositioning and should be discarded from the sterile field.  Placement through non-sterile areas can lead to localised inflammation and infection.  Adhesive drapes have the advantage of achieving stability without compromising the patient.  Most pre-formed adhesive human drapes are unsuitable for all veterinary procedures due to anatomical and conformational differences.  The most flexible solution is to cut a large hole in a plain non-woven drape that is placed over the eye as a field drape, which is not occlusive.  A fenestration of appropriate size to suit the surgical site is cut out of a piece of non-woven disposable adhesive drape tape.  This is laid down and secures the field drape to the patient and isolates the surgical site.  If the initial hole in the field drape is not large enough, the adhesive properties of the drape tape will be negated. Further drapes are placed to cover the patient as necessary.

Intraocular and ocular surface procedures have the same basic requirements as for extraocular surgery.  However, it is usual for drapes to be secured underneath the lid speculum in order to achieve complete occlusion.  Bacteria isolated from the lid margins are frequently associated with cases of endophthalmitis.  A small fenestration or slit cut into the usually plastic ‘incise’ draping material can be used to achieve occlusion.  It is usual to discard instruments used for cutting the fenestration although there is no evidence base for this practice in terms of bacterial contamination.  Practically, instruments used for draping purposes are more likely to be damaged or blunted.   Draping may be achieved using a separate field drape and incise drape or a single combined unit.  Additional drape tape may be used to secure drapes.  It is common for ophthalmic drapes to include a pouch for collecting irrigating solutions, ensuring the surgical environment is safe and free of unnecessary contamination. Lengthy procedures may lead to the accumulation of irrigation fluids within the pouch that can result in the distortion of the surgical site, due to the weight of the fluid within the pouch.  Suction apparatus may be used to allow for continued aspiration of fluids during a lengthy procedure, as a last resort an incision is made into the pouch and fluid is drained into an appropriately placed receptacle.  

Maintaining the sterile field describes all activities in and around the prepared surgical site in order to keep microbial contamination to an irreducible minimum.  Such activities are commonly referred to as sterile technique.  Important examples of sterile technique are:

· Items used within sterile field must be sterile.

· Sterilisation provides highest level of assurance.

· Items inspected before presentation to sterile field for integrity and process indicators.

· Dropped packages used immediately if overwrapped and presentable or must be discarded.

· All items introduced onto sterile field should be opened, dispensed and transferred by methods that maintain sterility and integrity.



· Good judgement.

· Presented directly to scrubbed person or place securely on sterile field. Non-sterile person must not reach across sterile field.

· Sterile field should be maintained and monitored constantly.

· Immediate action to correct break in technique.

· Prepare as close as possible to time of use.

· Keep field clean, tidy and dry at all times.

· All personnel moving within or around a sterile field should do so in a manner to maintain the sterile field.

· Patient centre of sterile field, scrubbed person should remain close.

· Movements restricted to sterile areas.

· Safe distance when moving, passing either back-to-back or front-to-front.  Turn back to non-sterile people/items when passing.

· Sterile persons should keep hands and arms in sight within the sterile field.

· No reaching above shoulder or below waist.

· Gown considered sterile;

· Arms up to 2” above elbow.

· Chest to waist.

· When seated, hands must not rest in lap.

· Sterile fields are only sterile at surface/table height.

· Anything falling below this level is considered non-sterile.

· Do not lift fallen tubes etc., back up onto sterile field.

· Do not place fingers under trolley ledge when moving.

· Turbulent air flow creates airborne particles which may compromise the sterile field.

· Movements in/out and around the theatre must be kept to a minimum.

· Ventilation systems should achieve 15-20 air changes per hour.

· Non-sterile personnel should always remain in non-sterile areas and contact only non sterile items to prevent contamination.

· Face sterile field.

· Never walk between two sterile fields.

· Maintain safety margin between self and sterile field, 12” or more.

· Delivery of sterile supplies.

· Margin of safety.

· No contact.

· No leaning or reaching over sterile field.

Personnel preparation

Personnel preparation for surgical procedures begins with changing attire on entry to the operating department.  Traditional theatre clothing is designed to minimise contamination by particle shedding into the environment/surgical site.  In isolation, no single piece of theatre attire has conclusively been shown to reduce the incidence of surgical site infections.  Properly fitting scrubs, hats, masks etc., have been shown to reduce the number of CFU’s disseminated into the environment and their use is perpetuated.  This assumes that counting CFU’s is a useful predictor of surgical wound complications, although a direct causal relationship has not been established.  The full discussion of surgical attire is beyond the scope of this session and items most relevant to ophthalmic surgery are considered in brief.

Handwashing remains the most simple and effective of all steps taken to prevent iatrogenic infections.  Hands should be washed before and after each patient contact.  Within the operating department, pre-surgical handwashing is performed prior to donning sterile attire.  The objectives are to remove gross dirt and transient microbes whilst reducing resident microbial counts to a sub-pathogenic level.  Ideally this is achieved in the shortest time period possible with the least amount of tissue irritation.  The ideal solution will also inhibit rapid rebound growth of microbes.

The traditional surgical scrub describes a systematic washing of the hands and forearms with a detergent based antiseptic in conjunction with brushes and water for a prescribed amount of time.  The use of brushes has been demonstrated to cause micro-abrasions to intact skin from repeated use and deterioration in skin quality leading to increased resident flora.  There are no trials studying the effect of brush use in terms of surgical site complications.  Current recommendations are that sterile brushes, if used, should be restricted to the fingernails.  If nails are dirty and cleaned with a pick, scrub brushes can be eliminated completely.

Alcohol based hand rubs have been available for decades but more recently have gained popularity.  Alcohol, of varying preparations – with or without antiseptic agent, is rubbed onto physically clean hands pre-operatively until dry.  The ideal formulation has yet to be established and users must always following manufacturers instruction with regard to use.  

A Cochrane review in 2007 of surgical hand antisepsis to reduce surgical site infection came to the following conclusions10.

· Chlorhexidine gluconate is more effective than povidone-iodine as an antiseptic for handwashing. 3 studies

· Scrub vs Rub, no difference in surgical site infections, rubs performed better at reducing hand/fingertip CFU’s. 3 studies

· 5 min scrub vs 3 min, no difference. 3 studies

· 3 min scrub vs 2 min, no difference. 1 study

Hand rubs combining antiseptic agents such as chlorhexidine gluconate have been shown to increase residual action.  CHG binds to keratin and surface proteins of the skin and is active up to 6 hours post application.  Hand rubs have the advantage of not requiring disposable items such as brushes or hand towels for drying.  The use of a rub greatly reduces the amount of water used for hand hygiene and as such they do not need an area dedicated to their application i.e. scrub room.  Alcohol must evaporate completely before donning surgical gloves in order to achieve maximum effect and facilitate gloving.

Surgical gloves complete the attire in the transition from non-sterile to sterile.  Good quality fine surgical gloves with a textured surface are suitable for ophthalmic use.  The textured surface greatly improves instrument handling, gloves should be thin enough to provide tactile sensory feedback to the wearer.  Gloves are typically latex polymer, however, a range of latex free alternatives is available for the sensitised individual.  Maize starch was traditionally used to coat surgical gloves to facilitate donning.  Powdered gloves should not be worn for ophthalmic procedures due to the high risk of disseminating starch into the wound, resulting in an inflammatory reaction11,12.  Glove starch also facilitates dispersion of the natural rubber protein associated with latex reactions.  Hydrogel coatings aid smooth gloving and are not associated with reactions either to patient or user.

Gloves must be donned in a manner that preserves their sterility.  The scrubbed (or rubbed!) hand is not sterile and inadvertent touching of the glove surface can result in contamination with microbes.  A closed gloving technique describes donning of gloves whilst the hands remain inside the surgical gown, thereby minimising the risk of contamination.  If gloves are changed intraoperatively due to damage or a break in aseptic technique, then an open technique must be used.  The non-sterile assistant removes the glove by grasping close to the cuff and pulls the glove off the hand without pulling the gown sleeve back over the hand.  The area of the gown underneath the glove is not considered sterile. The gown cuff does not provide an impermeable barrier and allows for the accumulation of moisture under the glove that can act as a wick and facilitate the passage of microbe from the wearers skin.  Withdrawing the hand back inside the gown to perform closed gloving, where the outside of the gown is in contact with the outside of the glove, will result in contamination.

The gloved hand could be considered sterile if properly donned and it remains intact.  However, glove puncture is a frequent event and often goes unnoticed.  No surgery is sterile and as hands have a large surface area and are in intimate contact with multiple areas of the sterile field it is likely they will collect contamination. The practice of wiping surgical instruments free of debris should be discouraged and the gloved hand should not contact instrument tips that are introduced intraocularly8.  Instrument wipes should be used to clean instruments of debris intraoperatively e.g. viscoelastics.

Facemasks remain one of the most contentious items of theatre apparel.  Conclusive studies of their impact on surgical site complications are limited and most inherently flawed.  Tunneval13 demonstrated there was no significant difference whether a mask was worn or not on surgical wound infection rates. Numerous studies investigating their impact of disseminating CFU’s have shown wearing a mask reduces contamination at the surgical site, especially when the user is in close proximity14, typical of an ophthalmic procedure.  Episodic outbreaks of TASS within human ophthalmic theatres have led to the recommendation that masks should be worn.  The observation that a reduced incidence occurs with their use cannot be directly linked to the wearing of a facemask as in resolution to such outbreaks numerous other practices are changed or implemented. 

Concern also exists about the vertical shedding of skin squames when wearing a facemask.  The wearing of a mask in combination with talking and movement causes friction at the point of skin contact. This can dislodge skin squames that fall into the operative site.  Talking should be kept to a minimum regardless of whether a mask is worn.

If facemasks are worn they must be worn properly to provide anything useful at all.  The purpose of the mask is to filter droplets of moisture containing microbes from the nose and mouth.  Wearing of a facemask whilst using a microscope is associated with fogging of the lens pieces and it is tempting to pull the mask down to cover only the mouth.  The use of surgical tape across the noseband reduces fogging of the lens pieces.  Once in place the mask must not be moved and should be discarded at the end of the operation.  The mask becomes heavily contaminated during use and must not be handled – a problem commonly seen amongst non-sterile team members.  Handling the mask only serves as to contaminate the hands with the microbes filtered from the nose and mouth.  Hands are the most reliable vectors for the transmission of microbes during patient contact and handling supplies/equipment.  If mask compliance is a problem then it may be better to omit them completely.   Nasopharyngeal carriers of MRSA are more frequent in veterinary staff as compared to the general population.

Decontamination of Surgical Supplies

Ophthalmic surgical equipment represents a massive investment and must be handled in a manner to safeguard its use and minimise damage.  Most importantly, surgical instruments must be rendered safe for use on the patient by following careful steps in cleaning, disinfection and terminal sterilisation.  This is most important with ophthalmic equipment that not only represent a challenge due to the nature of the instruments e.g. cannulated items, but also because non-infectious contaminants are frequently cited as causing inflammatory changes to ophthalmic structures.  The incidence of Toxic Anterior Segment Syndrome (TASS) is a more common complication as compared to endophthalmitis.  Staff responsible for cleaning and sterilisation of ophthalmic instruments must fully understand the implications of improper care and it is advised that written standard operating procedures are developed to ensure consistency amongst staff.

Instruments should be cleaned as close as possible to the time of use to limit the drying of substances on the instrument surfaces and in particular within cannulated or lumened devices, e.g. I/A handpieces8.   It is preferable, as far as possible, to use techniques that limit the handling of surgical instruments to avoid inadvertent damage and limit re-contamination from hands, especially after cleaning and final rinsing.  Residual detergents, hand creams, lint, etc, can easily be deposited on clean instruments. These may cause an inflammatory reaction if introduced into the eye.  Instrument trays with integral instrument holding racks are most desirable and the instruments pass through the whole decontamination cycle untouched.

Detergents for cleaning micro-instrumentation should be carefully selected.  A neutral pH enzymatic detergent is appropriate for use with ophthalmic instruments. However, inappropriate use and incomplete rinsing of enzymatic detergents has been associated with outbreaks of TASS15.   Instruments may be cleaned manually or more commonly using an ultrasonic cleaner.  Ultrasonic cleaners are extremely effective at removing surgical soil from hard to reach areas.  Ultrasonic transducers in the base of the unit pass sinusoidal energy waves through the detergent solution.  Minute particles of dirt are dislodged from the instruments during a process called cavitation.  99% of surgical soil is removed from instruments after 3 minutes exposure.  Dissimilar metals should not be cleaned within the same cycle to avoid electroplating between instruments.   Regardless of metal type, instruments must not touch each other during the cleaning cycle to avoid damage due to movement and collision.  It should be remembered that silicone finger mats impedet ultrasonic cleaning and only small strips sufficient to restrict movement should be used.  Phacoemulsifaction handpieces must not be cleaned ultrasonically, damage to the piezoelectric crystal would occur.  The cleaning efficiency of ultrasonic cleaners should be monitored with the foil test.  A strip of aluminium foil is immersed and a cycle run, tiny holes should appear evenly across the foil surface as a result of cavitation.

Flushing, either by attachment to a machine or manually using an appropriately sized syringe is used to clean cannulated instruments.  Pulsed flushing is more effective than a continual steady stream.  Intermittent ultrasonic cleaning and flushing should ensure cannulae are free from debris.

Regardless of method, the receptacle used for cleaning instruments must be clean and detergent solutions fresh – preferably made up with distilled water to limit impurities within the solution.  Cleaning solutions may contribute to the bioburden of the instrument if not properly prepared, growth of gram-negative organisms within water baths is common.  Ultrasonic cleaners should be emptied, cleaned, disinfected and rinsed at least once daily16, 17,18. 

Endotoxins produced from certain genus of bacteria are heat stable and not digested by proteolytic enzymes.  Endotoxins are frequently cited as being an important cause of TASS16,17.  Final rinse water must be distilled or produced by reverse osmosis19.  This ultraclean pure water acts as a solvent and removes most impurities and contaminants from the instrument by dilution.  Rinse water must be free flowing to ensure there is no redeposition of bioburden or impurities.  Agitation in a static bath is not recommended.

Washer-disinfectors can be used for ophthalmic surgical instruments only if they are secured from movement within a tray.  Washer-disinfectors are similar to a domestic dishwasher in design and use high-pressure spray arms to distribute a detergent solution over the instruments.  Cannulated devices are accommodated by attachment to special loading racks. The process is fully automated and instruments are subjected to pre-rinse, wash, free rinse and final rinse with RO water.  The final rinse water is heated to above 90( to provide thermal disinfection, ensuring that subsequent sterilisation is as effective as possible.  Drying of instruments in also accomplished within the cycle.

If mechanical drying is not available, instruments should be air-dried or a lint free, disposable cloth used to gently remove residual moisture.  Care must be taken not to damage delicate instruments e.g. toothed forceps.  Reusable cloths are not desirable. They may shed lint and contain residual laundry chemicals capable of eliciting an inflammatory process8,9.  In the absence of compressed air guns, air dusters used for cleaning computer keyboards are a convenient source of compressed air that can be used to dry inside cannulated items.

Instruments with moving parts may require periodic lubrication.  However, utilising RO water during the cleaning process should limit the build up of hardwater deposits that are responsible, in part, to friction in joints.  Instrument ‘milk’ baths must not be used due to the risk of redepositing bioburden.  Silicone spray is suitable.

Cleaning efficacy is usually assessed by visual inspection of instruments although protein residue testing will give more quantitative results and should be used periodically to evaluate performance or cleaning of a new instrument type.  Magnification and good light is necessary to thoroughly inspect instruments.  It is suggested instruments are inspected for cleanliness and function before final rinsing. 

Sterilisation of ophthalmic instruments presents few problems.  Autoclaving is the most common and suitable method.  Class B autoclaves with vacuum assisted air removal are necessary for processing lumened instruments and wrapped sets.   Benchtop autoclaves must have a separate reservoir for collecting exhausted steam.  Recycling water is associated with a build up of toxins and bioburden within the reservoir.  Fresh, clean distilled water should be placed in the reservoir each day.  It must be emptied and allowed to dry after use.  The steam supply of large porous load autoclaves should be monitored to ensure there is no carry over from the boiler or steam generator, commonly seen as a fine powder on the chamber walls.  Clean steam systems are desirable but uncommon and there is a risk of steam impurities being deposited on surgical equipment during the sterilisation process20.  

Ethylene oxide sterilisation may be used.  Metal instruments do not absorb ethylene oxide, however, packaging materials and plastics do.  Sufficient aeration post sterilisation should be allowed to ensure all gas has been exhausted.  Ethylene oxide is extremely toxic and irritant to living tissues.

Gas plasma sterilisation, e.g. ionised hydrogen peroxide vapour, is not currently a commonly employed sterilisation method within veterinary practice although it may gain popularity in the future having significant advantages over ethylene oxide. Reprocessing of ophthalmic instruments in gas plasma systems has been associated with corneal destruction in human practice21.

Conclusion

It can be seen that careful preparation and meticulous attention to detail in the perioperative setting can greatly reduce the risk of complication arising from infectious and non-infectious agents.  A full understanding of the risks is necessary by all staff participating in the care of the ophthalmic patient, each contributing the successful outcome of surgery.
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