Abstract:
One third of operations currently involve elderly patients, with one in two people over 65 undergoing surgery at some point in the remainder of their life1.                                                                                The ‘over 65s’ currently comprise 16% of the total UK population, a figure which is predicted to increase because of declining fertility and mortality rates2
Improvements in anaesthesia and surgical technique have considerably reduced related mortality in the surgical population as a whole, but it is not surprising to find that anaesthetic related mortality amongst elderly patients (70 years or over) remains higher than that in younger adult patients. 
                                                  Though anaesthetic techniques are similar between the younger and older adult, the elderly do require further consideration. This is due not only to the natural, age-related physiological changes but also to the increased co-morbidity associated with old age. Both of these put an older patient at a greater risk of an adverse outcome postoperatively therefore an anaesthetist must be aware of the potential challenges in anaesthetising elderly patients.

The paper focuses mainly on the altered physiology that occurs with age, rather than that caused by pathology e.g. coronary artery disease, and the implications this has on perioperative care.        
 This is because even in the absence of disease the natural age-associated changes warrant an alteration in anaesthetic techniquea.

The paper will consider the age-associated changes in physiology and what impacts these have:

· On pre-operative assessment. 

· On perioperative care including airway management and positioning of the patient

· On pharmacokokinetics and drug administration

Anaesthesia in the Healthy Elderly Patient; the implications of age- associated changes in physiology:
There is of course no exact definition of ‘the elderly’ or ‘aged’. Nor do the age-related changes occur at the same rate in every person. However, for the purpose of this paper the ‘elderly patient’ shall be considered one who is 65 years or over.

1.Preoperative Assessment:

Preoperative assessment plays a significant part in reducing postoperative complications. Knowledge of a patient’s physical status will help determine those who require management of co-existing disease, aid in the decision of appropriate perioperative monitoring and give an indication of postoperative outcome. The elderly patient is likely to have a long medical history, which may be difficult to ascertain if there is a degree of cognitive or hearing impairment. They are also likely to be on a number of long- term medications, an awareness of which is vital.  Unfortunately, the aged patient is less likely to mention any coexisting illness because they have a general tendency to minimise or not mention illnesses (considering it an inevitable consequence of old age)5 or because a limitation in mobility (e.g. due to arthritic pain) has masked symptoms of underlying pathology. The latter is not uncommon. For example if a patient does not exert himself or herself very much functional reserve of a particular organ system will not frequently be challenged.  Therefore a patient with underlying ischaemic heart disease may never complain of angina or dyspnoea7. Similarly a patient may have an undiagnosed condition such as hypertension or type II diabetes because the symptoms of such conditions may not have become apparent yet. 



   

A detailed history and thorough examination is thus very important and information should be sought from family members and/or GP if necessary.

The key difference, however between the healthy older and younger adult patient is the loss of functional reservea and decline of general organ function, which occurs in the absence of any pathology. This is due to a variable, progressive loss of active parenchymal cells with subsequent replacement by interstitial, inactive cells that occurs naturally as a person ages5.




The loss of an organ’s functional reserve makes that particular system vulnerable to surgical stress (or indeed any stress)6. This problem is further compounded should that system, in addition, have pathological degenerative changes associated with it as this further depresses organ function and reserve6. Such pathological change is not inevitable in the elderly but it is far more likely to be present and often manifold.  








    
1.1 Preoperative Investigations:

Even a healthy elderly patient will warrant a greater number of preoperative investigations than a younger adult patient.  The various tests will help determine the parameters of the patient’s health and include: 





       

· Full Blood Count: useful for a number of reasons e.g. Haemoglobin (Hb) levels can sometimes be very low in the elderly and this increases the risk of perioperative ischaemia.

· Urea, Electrolytes, Creatinine:  will give an indication of renal function, which is important in the elderly due to diminishing renal function. 

· Electrocardiogram (ECG): an ECG should be ordered in all patients over 60 regardless of whether they have a history of cardiac problems.

· Blood Glucose
 Additional tests will depend on the presence of any co-existing illnesses or treatment e.g pulmonary function tests in a patient with Chronic Obstructive Pulmonary Disease (COPD) or a coagulation screen for a patient on anticoagulants. 

1.2 Risk Assessment:
The American Society of Anaesthetists (ASA) grading system (I-V) acts to classify patients based on their physical status. For example a healthy patient with no systemic disease would be classed as an ASA grade I, whereas a moribund patient who is not expected to survive the next 24 hours regardless of surgery would be a grade V.  The majority of elderly patients will be an ASA grade II or more 4.  Although the ASA grade has shown to be a gross indicator of overall perioperative outcome (the higher the grade the greater the risk of morbidity and mortality perioperatively) it fails to take in to account the difficulty of the operation and the anaesthetic or the age of the patient.    Since age is associated with a natural decline in functional reserve (though variable) and a concomitant decrease in ability to cope with physiological challenges, the ASA system has its limitations5: an elderly patient with an ASA grade II will be at a greater risk of perioperative morbidity or mortality compared to a younger adult with an ASA grade II.
Table Showing the American Society of Anaesthetists (ASA) Grading System and Definitions:
	ASA GRADE
	DEFINITION

	I
	Normal, healthy patient

	II
	Mild systemic disease that doesn’t cause functional limitation e.g. well controlled diabetes with no complications

	III
	Severe systemic disease with functional limitation e.g. poorly controlled asthma limiting lifestyle

	IV
	Severe systemic disease which is a constant threat to life e.g. unstable angina

	V
	Patient not expected to survive the next 24 hours with or without surgery e.g.  abdominal aortic aneurysm


1.3 Polypharmacy:

Elderly people tend to be on a number of different medications which means there is an increased risk of a potential interaction with the agents used for the anaesthetic. A thorough pharmacological history is therefore necessary to establish whether the patient is on any drugs, which could complicate the anaesthetic procedureb.  







                    A decision to either discontinue the therapy (if appropriate) or substitute it with an alternative drug will prevent such complications.



    

Some examples of certain medicines, which would have to be temporarily stopped or substituted include:

· Aspirin: this should be discontinued a week prior to surgery24 
· Diuretics such as frusemide should be stopped the night before (to prevent a diuretic induced volume depletion and hypokalaemia during surgery24)
· Warfarin should be replaced with heparin, which enables surgery to be safely carried out only a few hours after its discontinuation24 (because of its shorter half- life).
Other medicines may need to be continued perioperatively. This is especially true for antihypertensive treatment (such as β blockers and ACE inhibitors), as an adequate blood pressure control is essential in reducing the risk of perioperative ischaemia. Withdrawal of such medications may have a detrimental effect on blood pressure and heart rate and increase perioperative morbidity and mortality24.

1.4 Communication Difficulties:

The anaesthetist must make sure that a patient is prepared for going under an anaesthetic. Communication with a ‘hard-of hearing’ elderly patient could prove challenging, as will explaining the process of being anaesthetised to someone who is confused or has poor understanding and retention of information (as can often be the case in advanced age); patience and repeated explanation may be necessary.  








               Should any cognitive impairment concern the anaesthetist a mini-mental state exam may have to be performed, though any decision in the diagnosis of dementia should be made by appropriately trained staff 4.

 2. Perioperative Care:

A number of age-associated changes occur in various organ systems, which will have implications for perioperative care.  The anaesthetist should consider these so the appropriate treatment is delivered. Any co-existing illnesses must have been adequately managed preoperatively and continue to be so both intraoperatively and postoperatively by the most appropriate methods at the time.
The important systems to consider are:

1.) Cardiovascular, 

2.) Respiratory, 

3.) Renal and Hepatic,

4.) Nervous.

2.1 Cardiovascular System:
Both regional and general anaesthetic agents can cause a fall in blood pressure following their administration: this is more commonly seen in an elderly patient and is often more severe1.                  In ordinary circumstances (i.e not anaesthetised) a younger adult would respond to hypotension quickly by a combination of vasoconstriction and increasing cardiac output.  An elderly person, however, does not respond as well for a number of reasons:

· heart muscle itself gradually becomes replaced with collagen and fat, making the walls stiffer, 5,9 thereby decreasing ventricular compliance14
· there may be amyloid deposits and calcification, which affect the conduction system of the heart (and can give rise to arrhythmias). 5
Additionally, there are also systemic changes, which include: 

· an impaired autonomic function with sympathetica and vagal effects being reduced 

· a desensitisation of the carotid and aortic baroreceptors due to stiffening of the large arteries7,16 

· stiffening of the smaller blood vessels due to a decrease in the smooth muscle component of the wall and a gradual replacement of elastin by collagen5,10 ; this impairs contractility

The younger adult can readily increase their cardiac output (by either an increase in stroke volume and/or heart rate) but in the elderly the altered muscle wall limits the heart’s mechanical and contractile ability12. Their stroke volume therefore is limited under cardiovascular stress and as a result they have a decreased cardiac reserve (making them susceptible to heart failure).


 
           Elderly patients also have an age-related decrease in the heart rate13 in response to exercise due to a drop in the number of atrial pacemaker cells (for unknown reasons) 5,15. Though this makes little difference to the resting heart rate, which does not change much with age, the maximum attainable heart rate is reduced16.

Since the elderly are unable to increase their cardiac output by increasing their heart rate, they depend more on their stroke volume14. This in turn can either be increased intrinsically, by increasing preload i.e.venous return to the heart (which relies on Starlings Law) or extrinsically by sympathetic innervation, which increases the strength of contraction. The latter is reduced in the aged heart and so it relies more on the delivery of an adequate preload to sustain cardiac output and hence blood pressure. 
An elderly patient is therefore less able to preserve their cardiac output or blood pressure in the face of a cardiovascular challenge such as might be encountered in the perioperative period16.  

         Furthermore, even a moderate degree of hypotension could cause serious complications. This is because there will be an additional reduction in the perfusion to vital organs such as the brain, kidneys and heart where blood flow is already compromised by a degree of atherosclerosis (although a pathological process it will inevitably be found in all elderly persons to some degree)16.

Treating Hypotension in the Elderly Anaesthetised Patient;

In a young adult patient, should the blood pressure fall during an anaesthetic their natural compensatory mechanisms don’t react as well because the anaesthetic agents desensitise baroreceptor response and impair contractility of cardiac and vascular smooth muscle1 (as they do in any patient regardless of age).

The anaesthetist, in such an instance, would administer a vasopressor (in addition to appropriate fluid management) such as ephedrine (an α and β agonist). This would cause a combination of peripheral vasoconstriction (α agonist effect) and a rise in cardiac output by an increase in heart contractility and rate1 (β effect).  

In the elderly patient there is a decreased β response but their α response is similar to that of a younger adult12, thus a selective α agonist such as metaraminol, is administered instead of a combined α/ β agonist1, which would be less effective.

2.2 Respiratory System:
All anaesthetics (with some exceptions such as nitrous oxide) depress the respiratory centres and have a marked effect on gas exchange6.   As a result, one of the many responsibilities of the anaesthetist is that of the patient’s airway and respiratory system. An understanding of the changes, which occur in the elderly, will thus enable the anaesthetist to optimise their delivery of care.

Although it is difficult to differentiate the changes that are age-associated from those that are caused by disease it is generally accepted that there are four basic age- associated changes affecting lung function in the elderly:







1. increased chest wall rigidity; the lungs of the elderly are more difficult to ventilate17                     2.  weakening of the muscles of respiration due loss of muscle mass16,17


               3.  a decrease in alveolar gas exchange surface area 12,17 


 a decrease in 4.  a decrease in the central ventilatory responses to hypoxaemia and hypercapnia.

The elastic recoil of the lungs is reduced making them more complianta and as a result the residual volume increases (the volume remaining at the end of expiration)8. This leads to a less efficient mixing of the gases within the alveoli5. 






                Gas exchange in the lungs is also affected by aging. This is due not only to a loss of alveolar surface area (from about 75 m2 at age 20 years to about 60 m2 at age 70 years)17 but because of an increase in anatomical dead spaceb that results from a widening of the airway and an increase in size of the small alveolar ducts5,8.


     






     In addition to the impairment of alveolar gas exchange there is also reduced perfusion because of an increase in pulmonary vascular resistance; this decreases the maximal pulmonary blood flowc.   Ventilation:perfusion (V/Q) mistmatch increases as a result; this explains the decrease in baseline arterial oxygen tension (an approximate decrease of 4mmHg per decade beyond the age of 20)14 that is seen in the elderly. 
Implications for the Anaesthetist:

At rest the elderly patient has to work harder during respiration because of a less compliant chest wall and the need, with each inspiration, to reopen airways that have collapsed7 (due to loss of elastic recoil).
An aged patient will thus struggle to adapt to hypoxia, as the capacity to meet an added workload will be limited12. In fact the elderly patient’s response to hypoxia is only a ¼ of that seen in younger adult patients14. 








              

Since baseline arterial oxygen tension is already comparatively low, a respiratory challenge puts them at a greater risk of perioperative and postoperative hypoxaemia: this can increase the possibility of a number of further complications, including myocardial ischaemia.  
 Furthermore because the ventilatory response to hypercapnia and hypoxia are decreased in the elderly17 a simple observation of respiratory rate and chest movement will not always be adequate since such signs may not be representative of the patient’s arterial oxygen tension17.

        Although simple monitoring such as pulse oximetry is used in the perioperative period, arterial blood gases may play an important role in determining lung function and detecting any compensatory acid or base imbalances. 

Postoperative Implications:

Postoperatively, an age-associated weakness of the intercostals and accessory muscles of respiration will reduce the ability of the patient to cough forcibly8. However they should be encouraged to do so in order to remove secretions and prevent consolidation. Atelectasis and chest infections are more common in the eldery7 due to degeneration of the respiratory epithelium14 and a resultant ineffective mucocilliary action7 (further compounded if the patient has a history of smoking, which is common in the aged population).      







                            A combination of the residual effects of anaesthesia, prolonged effect of neuromuscular blocking agents and postoperative paina can all significantly contribute to these respiratory complications6.

However problems can be reduced if it is remembered that:

1. the perioperative opiod dose required for an elderly patient is much less than that required in a younger adult patient18
2. short or immediate acting neuromuscular blocking drugs are used6 

3. antagonists to reverse residual neuromuscular blocking drugs effects should be  given 6

Complications with the respiratory system often present post operatively17 and steps should be taken to reduce the likelihood of such occurrences by a combination of appropriate and adequate analgesia, early mobilisation7 and supplemental oxygen for at least 12 hours post operatively or for a number of days should pulse oximetry indicate 1,19
Regional Anaesthetic vs General Anaesthetic:

A number of studies have shown that a regional anaesthetic confers a smaller risk of postoperative hypoxaemia6 as it avoids the negative respiratory effects of a general anaesthetic such as the decrease in pulmonary function and gas exchange.  However the changes in the healthy aged respiratory system alone are not sufficient to warrant a different form of anaesthetic1.  

A high regional blockade could impair respiratory muscle function, leading to difficulty in mechanical respiration.1 Additionally, since there is a reduction in upper airway tone in the elderly there is an increased risk of airway obstruction (particularly during sleep). Should a regional anaesthesia therefore be administered the anaesthetist must be aware of this risk, especially if sedation has been given.1
Furthermore the practicalities of a regional anaesthetic may be unfeasible in a confused elderly patient with impaired cognitive function.

2.3 Renal and Hepatic Systems:
The aged healthy kidney differs in a number of ways.  There is:

1) reduced glomerular filtration rate7
2) impaired tubular function with reduced ability to concentrate urine 7,8
3) decline in renal ability to conserve water and salt as a result of  reduced renin response, urinary and blood aldosterone levels and decreased response to ADH20
4) lower thirst perception

In fact glomerular filtration rate and concentrating ability decrease by 1% every year between the ages of 30 and 80 8. An elderly patient does not, therefore, respond well to dehydration or fluid excess. Renal function can often rapidly deteriorate in hypovolaemic patients and overhydration can lead to pulmonary oedema and heart failure4:  perioperative fluid monitoring is therefore very important.

The patient, which presents to surgery will have been fluid depleted for at least 4- 6 hours previously. However the state of volume depletion can be more severe in an elderly patient but often less recognisable. The anaesthetist must be aware of this because the drop in blood pressure (which can occur during anaesthetic induction) will be more severe in a hypovolaemic patient.  Fluid balance therefore must be maintained intraoperatively with charting of both intake/input (I.V. fluids) and output (urinary) via a catheter.  In fact the importance of such monitoring was highlighted in a recent report by the National Confidential Enquiry in to Postoperative Deaths, ‘Extremes of Age’, which found that poor fluid management played an important role in postoperative morbidity and mortality in the elderly.
The Liver and Drug Metabolism:
Elimination of many drugs usually involves conversion, by a number of liver enzymes, in to a more soluble metabolite(s) that is then excreted by the kidneys, or if already water- soluble directly by the kidneys.









              Since neither the kidneys nor liver are exempt from the age-associated functional decline, clearance of a drug relying on such mechanisms of elimination will be reduced and therefore their effect prolonged (even if given at appropriate doses).   





       Examples include the neuromuscular blocking drug, vecuronium, which is metabolised by the liver. Such drugs should be given at a reduced dose in the elderly or alternatively substituted with agents whose degradation is independent of the liver and kidneys such as atracurium. This in fact is suggested for prolonged surgery in the elderly25.

2.4  Nervous System:

The age-related changes that occur in the nervous system include the cognitive, motor, sensory and autonomic functions; the causes of which are numerous and include generalised cell loss, cerebrovascular disease and oxidative stress (which causes neuronal damage)7. 
Impairment of cognitive function increases with age and approximately 10% of over 65 year olds suffer with dementia14. However, older patients may easily enter into a state of confusion following stresses such as infection or dehydration, which are potentially reversible.  Simple steps such as adequate fluid maintenance and prophylactic antibiotic treatment prove to be useful in reducing the incidence of such states postoperatively.
Autonomic Dysfunction:

Autonomic dysfunction in the elderly can potenitally pose a number of problems: it gives rise to the following:

· a decrease in baroreceptor response 

· a decrease in parasympathetic nerve activity

· an increase in sympathetic nerve activity leading to
· a decrease in β adrenoreceptor response (hence an overall reduced sympathetic response) 
As a result the physiological compensation mechanisms for hypotension are blunted and there is an impaired ability to maintain core temperature (thermoregulation).

Thermoregulation:

Regardless of the patient’s age, anaesthesia impairs the thermoregulatory response (which would ordinarily bring about vasoconstriction and shivering) due to its inhibition of autonomic function: this effect is more pronounced in the elderly patient. 





   An immobile peripherally dilated patient in a cold theatre is thus at risk of becoming hypothermic unless measures are taken to prevent this21.  This risk is much greater in an elderly patient, even under normal circumstances, because older peoplea are generally not able to regulate their temperature as well21 and their basal metabolic rate is lower (produce heat more slowly)7. 
Should an elderly patient start to shiver it may increase their oxygen demand above their respiratory and cardiac capacity.

Elderly patients are also at a greater risk of postoperative hypothermia. This is because of the prolonged effect of anaesthetic agents (such as propofol) that rely on hepatic (and also extra-hepatic) mechanisms of degradation- mechanisms, which are impaired because of the age-related functional decline of the liver (and kidneys).

Adverse effects of Hypothermia:

Perioperative hypothermia has a number of adverse effects including:

· impaired coagulation (due to inhibition of the enzymes of the coagulation system) and platelet function thus increasing the risk of blood loss intraoperatively

· prolongation of drug effects 

·  immune dysfunction, and as a result 

· an increased risk of infection21
It is easy to understand, therefore the importance of keeping any patient warm perioperatively especially elderly patients. 

Steps to prevent hypothermia, which can be done in the pre, intra and postoperative setting include:

· prepping preoperatively and cleaning postoperatively using warmed solutions21
· conservation of heat using active air warming systems4
· warming I.V. fluids 4
· warming the operating room until the patient is covered 4,21
· wrapping the patient up with blankets and covering the head if possible7,21
3. Establishing an Airway and Positioning of the Patient:

Airway management in an aged patient may prove difficult. The anaesthetist should be aware of any potential difficulties in maintaining an airway preoperatively so the anaesthetic technique can be planned accordingly1. In a dentureless patient an artificial gum shield may be necessary to support the lips in order to maintain an airway; leaving false teeth in place would have a similar effect5.                                The use of particular facemasks such as Everseal (large masks which adequately cover the lower jaw and have an inverted sealing edge) can also be helpful5.  Elderly patients are also at a greater risk of aspiration during the anaesthetic induction because of an age-associated decrease in oesophageal tone thus intubation should be carried out as quickly (and as safely) as possible.
Arthritis can restrict joint movement while osteoporosis can increase the risk of cervical fracture during neck flexion8. Similarly an increased laxity of ligaments can predispose to neck dislocation.               The positioning of an elderly patient for surgery and the maintenance of the airway can thus be a potentially delicate and difficult task.

Positioning of the patient is also important for the prevention of pressures soresa and nerve compression injuries (especially vulnerable nerves such as the ulnar nerve). Pressure areas should be adequately padded to reduce this risk which is greater in the elderly, as their skin is thinner and more fragile.

3. Pharmakokinetics in the Elderly:
The pharmakokinetics of any drug are dependent on its distribution and elimination: both of which show a variable change with advancing age.       




              

Drug distribution is altered in the aged for a number of reasons:


                  1.) a reduction in total body water12,14 


2.) an increase in body fat12,14: this leads to an increased volume of distribution of lipophilic drugs such as propofol, benzodiazepines and opiods, hence their half life is extended and their effects prolonged1
3.) decrease in plasma proteins12,14: this will effect the efficacy of protein-bound drugs such as propofol, lidocaine, and fentanyl as a greater proportion will be in the active, unbound form12.

4.) increase in the arm-brain circulatory time1: anaesthetic drugs administered through an I.V. line in the arm will take longer to have an effect as they take longer to reach the brain.
Implications for Anaesthetic drugs: 

(a) Hypnotics, Analgesics, and Neuromuscular- blocking drugs:
The elderly are very vulnerable to the toxic effects of drugs and have an increased sensitivity to many agents because of the aforementioned reasons. As a result a number of alterations to anaesthetic technique may be employed:





                                   

· Dosages should be lowered to take in to account the delayed clearance and hence prolonged action. For example, there may be prolonged sedation in the postoperative period following premedication with benzodiazepines1 : for this reason premedicants should be avoided in the very old22. 
   

· During the induction and maintenance of anaesthesia faster acting opiods such as remifentanyl may be used in preference to fentanyl (reducing the time the drug is present in the patient)

· Drugs should be infused at a slower rate because of prolongation of the arm-brain circulatory time; failing to do so could result in overdose and adverse cardiovascular effects. 

· Should there be a need to reverse the residual effects of a blocking agent, then anticholinesterase inhibitors should also be reduced accordingly as these too can have adverse effects in the elderly22.

· The use of Non Steroidal Anti-Inflammatory Drugs (NSAIDs) for postoperative pain relief should be given at a reduced dose in the elderly to avoid complications such as gastric irritation and acute renal failure: NSAIDs are implicated in 15.6% of drug-induced renal failure23 (known risk factors for which include age). They should not be used at all if urea and creatinine are raised or if the patient is hypovolaemic.

(b) Inhalational agents:

The minimum alveolar concentration (MAC)a value of all inhalational agents is reduced with increasing age: MAC decreases by about 4-5% for every decade after 40 years of age7. That is elderly patients will require less volumes of inhalational anaesthetic to reach the same level of unconsciousness as a younger patient.

The less soluble inhalational agents, such as sevoflurane and desflurane undergo very little organ-based metabolism and are mostly excreted unmetabolised by the lungs1. They are therefore potentially more useful in this particular age group. Sevoflurane, which is less irritant to the respiratory tract than desflurane, can be used for both induction and maintenance of anaesthesia22. However at higher doses these agents can have unfavourable cardiovascular effects22. 



     

Conclusion:
Age-associated change of the physiological systems results in impaired function and reserve, which affects most of the organs (there is of course variability of such decline between patients).                 The importance of this, when it comes to anaesthesia is that such a patient is less able to respond to perioperative stress and more likely to suffer from an adverse postoperative outcome.         Complications can, however, be minimised by a combination of careful pre-operative intra-operative and post-operative care, adapted to the needs of the elderly patient.

In order to do this an anaesthetist must have an understanding of the physiological and pharmokokinetic differences so that he/she can tailor their technique, to deliver as safe an anaesthetic as possible.
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a though it is acknowledged that pathological change can have numerous and more important implications for anaesthesia


a functional reserve; function of an organ which is available but reserved should functional demand increase; for example the heart is able to perform beyond that which  is required under ordinary circumstances and will readily do so: should an increased delivery of oxygen to tissues be required during exercise, the heart will respond  by increasing its contractility and thus cardiac output.


b compliance with medication in the elderly is sometimes poor, often because they do not understand the reason that it has been given. They may therefore decide to miss doses or stop taking it altogether if there is an unpleasant side effect associated with it. Confusion could lead to overmedication especially if they are on a number of different medicines, which require being taken at different times.         Medical conditions may not, therefore, be adequately controlled and the potential for drug interactions/ side effects during the anaesthetic can be further increased.


a the ß-adrenoreceptor-mediated contractile and ionotropic response are blunted11 this is due to an general upregulation of sympathetic outflow which results in a desensitisation of β adrenoreceptors to stimulation12.





a compliance of the chest wall decreases more than it increases in the lungs  thus there is an overall decrease in the total compliance of the system5.


b areas of the respiratory tree not involved in gas exchange


c this is a result of fibrosis within the muscle component of the pulmonary vessels and a reduction in pulmonary capillaries8


a if respiratory movements cause pain the patient is less likely to take adequate breaths and will avoid coughing.  Such actions can increase the risk of infection since coughing helps to remove mucus plugs and secretions and deep inspiratory efforts will help prevent atelectasis.


a this impairment, however does not occur in all aged patients but is especially common in the over 80s, who do not respond by shivering or vasoconstricting until core temperature has fallen to about 35.2oC: a younger person would have responded with such autonomic responses once core temperature had fallen to 36.1oC 21


a pressure sores prolong hospital admittance and can potentially lead to sepsis


a MAC is a measurement of the potency of an anaesthetic. It is the concentration of an anaesthetic that is required to prevent movement in response to a standard skin incision in 50% of subjects.
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