How much Anaesthesia does an Ophthalmologist need to know?
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Anaesthesia does not start and end with the choice of which drug to inject into your patient, rather it encompasses appropriate pre-anaesthetic assessment, ocular physiology and  appropriate intra and early post-operative management to provide not only the best outcome for the eye but the animal as a whole!
Pre-anaesthetic assessment
Pre-anaesthetic assessment aims to evaluate the condition of the patient and determine what factors might influence the course and management of the peri-anaesthetic period. In order to be effective it should be undertaken in a logical and thoughtful way.  We are all familiar with the concept of taking an effective history, undertaking a thorough clinical examination and performing any laboratory or other tests that might be deemed necessary in the light of this information. Ideally this should be undertaken before elective procedures rather than on the morning of the anticipated surgery!

It is the application of the information obtained from this evaluation that may make the difference between success and failure! Identification of potential problems and strategies to deal with them at this stage can be a useful approach!

It is also imperative that written informed consent is obtained, and the Veterinary Surgeon should be clear that the owner genuinely understands both the potential anaesthetic and surgical risks involved. 
History:  with respect to anaesthesia, a full medical history including previous drug administration and previous anaesthetics and any problems encountered is useful.  The aims of history taking are really to assess whether the animal has any concurrent disease that is likely to influence anaesthesia. Often owners will not divulge information unless specifically asked – “open versus specific questioning”.
Concurrent medication:

Limited attention is paid to drug interactions in veterinary medicine…however there are a large number of very commonly prescribed drugs that either interact with anaesthetic drugs or cause physiological changes that may influence anaesthesia.

Ophthalmic drugs and anaesthesia!

· Intra-cameral epinephrine:

Epinephrine can be systemically absorbed, resulting in hypertension and tachycardia. Effective dilution prior to injection seems to minimise these effects.

· Phenylephrine:
The potent alpha 1 agonist is highly systemically absorbed, potentially resulting in profound bradycardia and hypertension. This may be limited by using lower concentration solutions – avoid the 10%! There is an argument that the effects are worse in animals that are already vasoconstricted due to medetomidine (alpha 2 agonist) administration, and that ACP, an alpha 1 antagonist may ameliorate the effects. 
· Osmotic diuretics:

Mannitol should be used with care in dehydrated animals – the osmotic diuresis induced will exacerbate pre-existing dehydration. Mannitol is also a high sodium fluid and initially increases pre-load due to its osmotic effect – potentially causing hypernatraemia and volume overload in the short term. Avoid in cardiac failure cases.

· Carbonic anhydrase inhibitors:

Systemic carbonic anhydrase inhibitors reduce HCO3 reabsorption in the proximal renal tubules and may cause clinically significant hypokaeamia and a hyperchloraemic metabolic acidosis. 

· Topical drugs:
Anticholinergics may have some systemic absorption and may cause tachycardia resulting in hypertension particularly in small patients Beta blockers may cause bradycardia, hypotension and potentially bronchospasm. Pilocarpine can induce vomiting

Other drugs and anaesthesia

· Antibiotics: aminogylcoside Nephrotoxicity, interaction with NMB

· Cardiac drugs: betablockers – decreased contractility, bradycardia.  ACE inhibitors – potential for hypotension. Cardiac glycosides – profound sensitivity to electrolyte abnormalities, avoid anti-cholinergics.

· Analgesics: opioids – synergistic effects. NSAIDS – use with steroids, care in hypovolaemia, hypotension etc.

· Behaviour modifying drugs: selegiline/clomipramine – via different mechanisms increase serotonin levels, theoretically avoid pethidine and tramadol as there is a risk of serotonin syndrome.
· Incontinence drugs: phenylpropanolamine  - clinical hypertension (noradrenaline) avoid tramadol as inhibits norad reuptake.

· Anticonvulsants – phenobarbitone, benzodiazepines

· Chemotherapy drugs – organ toxicity plus operator safety! 
· Other drugs – amytriptyline, gabapentin etc.

· Nutraceuticals – eg St John`s wort 

Clinical examination: should be undertaken with the same thoughts in mind.  Ultimately good anaesthesia relies on maintaining homeostasis as much as possible and ensuring adequate tissue oxygen delivery. Arguably a thorough cardiovascular and pulmonary examination are of most importance but   the skin, GIT, urinary tract, neurological systems should not be ignored. Body condition score as well as absolute bodyweight should also be noted!

Further diagnostic tests: the utility of pre-anaesthetic blood tests is controversial as many studies have shown that “random” testing has done nothing to alter morbidity. However where a disease is suspected from the history or clinical examination pertinent tests should be undertaken. These are NOT limited to routine haematology/biochemistry and urinalysis. Endocrine testing, coagulation function, radiological examination, ultrasonography including echocardiography, and electrocardiography may all provide information relevant to anaesthesia. 

Once this information has been obtained the following broad categories are useful to help determine potential problems:

Patient:

Before any other information is obtained, simply looking at the signalment and physical appearance of the animal can help identify many problems:

Breed sensitivities are often quoted and there are a few genuine ones:

· Boxers seem to demonstrate an increased sensitivity to ACP. Some (US) authors recommend either avoidance or concomitant use of anticholinergics. In practice, keeping doses low (less than 20ug/kg) seems to be successful!

· Sight hounds are missing a liver enzyme involved in the complete metabolism of barbiturates, hence prolonged recoveries are common and these drugs are probably best avoided.

Other breeds may have certain risk factors that should be considered:

· Brachycephalics: presence of BOAS, consideration must be given to airway management in the pre, peri and post-op period especially where fragile eyes are involved
· Dobermann: abnormally low concentrations of von Willebrand factor occur in a high proportion of Dobermanns. It is reasonable to screen all animals before elective surgery and to assess a BMBT in all emergency cases.
· There are a whole spectrum of breed pre-dispositions that should be kept in mind………

Age:

· Many ophthalmology patients are geriatric : have reduced cardiac reserve and reduced cardiac output, decreased functional residual capacity, possibly reduced generalised hepatic and renal function and potential neuronal degeneration. These may not produce overt clinical signs!

Temperament:

· Theoretical drug advantages and disadvantages in a particular disease state may become much less significant if the patient is currently hissing in a cat carrier of doing the “wall of death” around the kennel, sometimes, practicality has to rule – especially where there is a fragile eye involved. NEVER scruff cats with ocular damage for restraint
· Where an animal is so aggressive as to preclude any examination without chemical restraint, it is imperative that an appropriate history is taken. Cats particularly are often aggressive because they are stressed and these animals have extremely high sympathetic tone – time given to allow them to calm down, (with additional oxygen if appropriate) is helpful. Immediate chamber induction of anaesthesia is contraindicated due to the negative cardiovascular effects. Even if chamber induction is required, some form of sedation to reduce anxiety and stress levels is indicated! 

Body condition score:

· Severe cachexia should act as a warning of severe underlying disease as well as potential hypothermia and hypoglycaemia.  
· Many ophthalmology patients patients are obese – this can result in multiple problems from poor ventilation and reduced functional residual capacity, to changes in drug behaviour as well as also being a marker for underlying disease (eg endocrinopathies)

Presenting Complaint:

· Duration and severity of complaint: relevant investigations thus far and information obtained:

· Haematology/biochemistry/ urinalysis

· Endocrine testing

· Coagulation testing

· Radiological evaluation

· Electrocardiography

· Echocardiography

· Progression of disease: will risk have increased?

· The eye – fragile eyes, painful eyes, blind eyes will all influence anaesthetic technique and management……..
· Multimodal analgesia must be planned for in all cases. 
· Careful consideration of any patient presenting with an ocular manifestation of a systemic disease – eg paraneoplastic syndromes. 
· Ocular trauma where the patient is a multi trauma case – thoracic/ head trauma MUST always be considered FIRST and the patient appropriately managed!
·  As a general rule, attempts should be made to correct the following before anaesthesia (emergency or otherwise!)

· Severe hypovolaemia

· Severe dehydration

· Hypoproteinaemia (albumin <1.5g/dl) and consider further support

· Anaemia (PCV <20% depending upon chronicity and CV status)

· Pneumothorax 
· Oliguria/anuria

· CHF

· Cardiac arrhythmias

· Acid base disturbances (pH <7.2)

· Electrolyte disturbances (Potassium < 2.5-3.0 or >6, hypoglycaemia, hypercalcaemia, severe hypo or hypernatraemia)
Pre-existing/ co-existing disease:

It is easy to lose sight of “the rest of the animal” especially in an emotive situation. Remember that the “other” disease may be more immediately life threatening than the one that the animal was presented for – or may alter the likely prognosis or treatment.

· “Tip of the iceberg”  - the presenting complaint may be the only clinical sign noticed by the owners of severe multi-systemic disease – the patient can have extensive organ involvement which may influence anaesthesia 
· Assess organ function – eg renal and hepatic as these will influence anaesthesia

· Further investigation may take time and money, and a compromise may need to be reached!

· Stabilisation may take time – this is virtually always justified even if the procedure is an emergency and is especially relevant to paraneoplastic syndromes and generalised trauma.
· Diabetics: It is accepted that the period of hospitalisation, medication and surgery will destabilise even the most stable diabetic. There is limited information as to how best to proceed with these patients but it would seem sensible to aim for moderate stabilisation prior to surgery. Ketoacidosis can develop in the early post-operative period if strict attention is not paid to glycaemic management. Many diabetics have concurrent endocrinopathies which may also influence anaesthesia and surgery – eg pre-disposition for hypercoagulability in Cushings disease. Always ensure that your history includes good details of current diabetic management.
Potential surgeon / surgical factors:

An animal may be considered acceptable risk for a non-invasive diagnostic procedure (eg. bone marrow biopsy is often undertaken in anaemic animals with low platelet counts), but an unacceptable risk for major surgery due to the inherent additional surgical risks such as:

· Duration

· Haemorrhage

· Hypothermia

· Pain

· Potential deterioration of underlying problem.

· Ensure that good anaesthetic management is practiced to reduce morbidity – ensure adequate blood pressure, provide adequate and appropriate fluid therapy and that nutrition is addressed. Anaesthesia related morbidity in small animals is unknown but it is not uncommon clinically to see renal damage apparently induced by poor anaesthetic management.

What is good anaesthetic management in the ocular patient?
There are some basic tenants that a good anaesthetic must provide…the traditional concept of balanced anaesthesia involves narcosis (unconsciousness), analgesia and muscle relaxation. “Balanced anaesthesia” in this context is only usually provided when neuromuscular blockade is employed for intra-ocular/corneal procedures. 

Anaesthesia dramatically perturbs homeostasis, everything from blood pressure to ventilation is affected, potentially with deleterious consequences. In a well managed anaesthetic there will be appropriate monitoring, so that problems are detected in a timely manner and strategies to resolve them implemented immediately.

 The ultimate aim of the circulation is to deliver oxygen to tissues and remove carbon dioxide and other waste products from them. Tissue oxygen delivery MUST never be compromised – it is interesting to note that the occipital lobes are particularly sensitive to hypoxia and blindness appears to be a reasonably common consequence of badly managed anaesthesia!

Basic monitoring in all cases (in our practice):
· Heart rate

· Respiratory rate

· Rhythm (ECG)

· Capnography
· Pulse oximetry

· Blood pressure

· Temperature

· Delivered gases

Additionally in selected cases:

· Neuromuscular function

· Invasive pressures (MAP and CVP)

· Agent monitoring

Selected aspects of good management:

Tear production:

Protection of the non-operated eye – positioning and lubrication – avoid drying in incubators and under lights. Anaesthesia reduces tear production post operatively – continue to lubricate vulnerable eyes in the period after surgery.
Airway:
Many patients will be brachycephalic and will have compromised airways. Good airway management is fundamental to successful anaesthesia. Be aware of the increased risk – allocate early surgery slots if possible so the patient is completely recovered before the end of the day. Invest in a good laryngoscope and intubation aids – we have a dedicated airway box that is available for all these cases. Good analgesia and anxiolysis will calm the animal such that IV catheter placement, pre-oxygenation and induction of anaesthesia can be carried out with minimal stress. A little background sedation also promotes a smooth recovery. We always recover these cases in theatre, on oxygen, undisturbed and aim to allow them to recover consciousness with their endotracheal tube in place……..many will only start to swallow as they move to stand up. If they are not walking as they come back to kennels they go to ICU for constant observation. Do not under estimate the risk that these patients can pose – whilst uncommon, I have had several cases that have required surgical airways for recovery. If you have a surgically experienced colleague it is always worth asking them to assess the patient at induction and this will guide you in terms of recovery management. 
NEVER use red rubber ET tubes in cats – never use them at all if possible. They have high pressure low volume cuffs that pre-dispose to tracheal damage – even if this only manifests as a cough it is not ideal in a case with a fragile eye.

Analgesia
It is important to address the specific types of pain relevant to each case. Other considerations include IOP requirements, corneal healing, concurrent disease, concurrent drug administration, degree of pain and corneal sensitivity.  
Where possible a multimodal and pre-emptive approach should be practised including local anaesthesia wherever practicable. One study has demonstrated that intraoperative systemic lidocaine administration may provide analgesic benefits similar to morphine for intraocular surgery in dogs
Anaesthetic drugs and the eye:

· The opioids are well known to have effects on the pupil – the magnitude and specific effect vary with drug and species but are probably insignificant in the presence of topically administered mydriatic agents.

· Intra-ocular pressure has been examined in numerous studies – some with design flaws that may compromise their conclusions! 

· Volatile agents generally decrease or have minimal effects on IOP.

· Ketamine alone will increase IOP by effects on extra-ocular muscles

· Any drug that induces emesis, eg morphine, xylazine will increase IOP during vomition.
· Sevoflurane and propofol decrease intraocular pressure equally during the maintenance phase in non-ophthalmic surgery and recovery (in humans). Sevoflurane has been shown to have minimal effects on IOP in the dog, as has desflurane / nitrous oxide. Propofol has been demonstrated in multiple human studies to reduce IOP both during induction and maintenance of anaesthesia.  One study demonstrates an increase in IOP but it is easy to be critical of the methodology!!
· Atracurium/propofol has been demonstrated, by the same group, to increase IOP in dogs. However in man, atracurium does not cause a rise in IOP and does obtund the response to intubation, propofol has laso ben shown to obtund the response to intubation especially when combined with alfentanil!
· Vecuronium and atracurium have both been shown to have minimal effects on IOP in the dog 
· Dexmedetomidine infusion (2.5 mcg/kg/hr) has been shown to reduce the excitatory response to extubation in man
· A recent study suggested the use of atraopine/xylazine/ketmaine/diazepam for anaesthesia for phacoemulsification in the dog. Whilst this study showed adequate operative positioning of the globe and IOP it did not adequately address global anaesthetic management and safety and therefore cannot be recommended!!!!!!!!!!

· Overall, the approach to anaesthesia and the management of the case are more important than the drugs per se!
What about the fragile eye – can anaesthesia help or hinder?
Anaesthetic management can greatly influence IOP. The following should be considered when anaesthetising patients with fragile globes or for phacoemulsification:

· Care with jugular blood sampling

· Care with restraint- avoid scruffing or neck restraint for IV catheterisation

· Avoid emesis, barking or crying – adequate analgesia

· Care at intubation – IV lidocaine? – ensure no gagging/ coughing

· Avoid mask induction – excitement increases IOP -  risk of manual trauma to globe

· Care when moving under anaesthesia – do not compress abdomen

· Use appropriate drugs

· Keep head slightly elevated with respect to the body

· Maintain end tidal CO2 within physiological limits – ventilate if necessary

· Maintain mean arterial blood pressure at 65- 100mmHg
Recovery
This can be the most critical phase of anaesthesia especially after intra-ocular procedures. An animal that self traumatises may cause intra-ocular haemorrhage or worse. An animal that was visual and is blind post-operatively may panic, and vice versa! Always plan for recovery – especially in brachycephalics as already discussed. Additional analgesia and /or sedation may be required especially in the early post-operative period. If an otherwise healthy dog is having a poor recovery from anaesthesia VERY low dose medetomidine IV (1-2 mcg/kg SLOWLY and diluted) will provide additional sedation and analgesia and rarely needs to be repeated. Foot bandages or collars may be used but are not a substitute for adequate nursing care and analgesia. Where there is co-existing significant disease, this must also be managed – eg gylcaemic control/ monitoring in diabetics, ensuring early oral food intake
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