GENERAL ANESTHETICS





Mechanism of action


The mode of action of anesthetics is still debated. All general anesthetics act on the mid-brain reticular activating system and cerebral cortex to produce complete but reversible loss of consciousness. The principal site of action is probably the neuronal lipid bilayer plasma membrane or hydrophobic domains of membrane proteins buried within it. Here the drugs block sodium and potassium channels inhibiting nerve impulse transmission. Support for this theory includes the observations that the enesthetic potency of drugs is highly correlated with their lipid solubility and the fact that high atmospheric pressures (applied experimentally in animal experiments) can lead to reversal of anesthesia, presumably as a result of physical changes in cell membranes.


	General anesthetics are usually considered in two groups:





1. Inhalational anesthetics.


2. Intravenous anesthetics.





INHALATIONAL ANESTHETICS





Uptake and distribution


Several physical properties influence the performance of anesthetic agents. The saturated vapor pressure (SVP) determines the maximum proportion of atmospheric pressure that can be occupied by a saturated vapor of the substance and thus gives an indication of how readily a high concentration can be achieved at atmospheric pressure. For halothane the SVP is 243 mmHg at 20°C which  translates into a maximum attainable concentration of 33%, the usual maintenance concentration of halothane being 0.5-2%. The minimum alveolar concentration (MAC) indicates the minimum alveolar concentration of an agent required to prevent reflex response to surgical stimulation: for example, the minimum alveolar concentration of an agent required to prevent reflex response to surgical stimulation, for example, the minimum required to prevent reflex response to surgical stimulation in 50% of the population is the MAC 50. Once an adequate quantity of anesthetic agent has built up in the alveoli further uptake depends on its passage into the circulation. This is governed by the following factors:





The concentration gradient across the alveolar membrane between the alveolar air and pulmonary capillary blood. Pulmonary capillary blood concentration is dependent on tissue uptake.


Relative solubility in blood. This is expressed as the blood-gas solubility coefficient. A high value indicates a high solubility in blood and a low value a low solubility. The alveolar concentration of anagent with a low blood solubility rises rapidly as little drug is taken up into the circulation. The alveolar concentration determines the arterial tension of an agent and therefore the concentration gradients to other tissue especially the brain. It follows that agents with low blood solubility rapidly produce high arterial tensions and therefore large concentration gradients between the blood and brain. This leads to rapid induction and, on discontinuting administration, rapid recovery. Conversely agents that have a high blood solubility only build up an adequate arterial (and therefore brain) tension gradually making induction  slow and recovery prolonged.


Pulmonary blood flow, This normally equates to cardiac output. As pulmonary flow increases more agent is removed from the alveoli thereby delaying the rise in arterial tension and making induction longer. Conversely, a fall in pulmonary blood flow, for example in shock, hastens induction.


Pulmonary ventilation. Changes in ventilation have little influence on induction with isoluble agents as the alveolar concentration is always high. However, soluble agents show marked rises of alveolar concentration with increased ventilation.





Commonly used inhalational anesthetic agents include:





Halothane.


Enflurane.


Isoflurane.


Nitrous oxide.





HALOTHANE





Use


Halothane is 2-bromo-2-chloro-1,1,1-trifluo-roethane. It is a potent inhalational anesthetic. The boiling point is 50°C and the saturated vapor pressure ant 20°C is 243 mmHg. It is decomposed by light and is stored in amber-colored bottles, stabilized by 0,01%ˇthymol. It does not react with soda lime and is non-inflammable. It has a blood-gas partition coefficient of 2.5 and an MAC in oxygen of 0.75%. The vapor has a sweet odor, is a non-irritant and not unpleasant to smell. For induction of anesthesia 2-4% vapor is administered and for maintenance 0.5-2% is used.  It is a poor analgesic, but with nitrous oxide and oxygen it is very useful for many purposes. Whilst apparently simple to use its overdosage is easily produced. Warning signs are bradycardia, hypotension and tachypnea.





Particular aspects of the use of halothane relate to the following:


Moderate muscular relaxation is produced, but is rarely sufficient for major abdominal surgery. As with other volatile anesthetics the actions of most non-depolarizing muscle relaxants are augmented.


Heat loss is accelerated and may aid hypothermic techniques.


It is useful:


When quiet spontaneous respiration is required.


In bronchitic and asthmatic patients.


For gaseous induction of children.





Adverse effects





Cardiovascular system





Increased myocardial excitability, ventricular extrasystoles, ventricular tachycardia and vetricular fibrillation may occur. Predisposing factors include carbon dioxide retention, adrenaline administration, atropine and sensory stimulation during light anesthesia. Ventricular extrasystoles can be controlled by intravenous b-adrenoceptor blockers.


Bradycardia mediated by the vagus and hypotension. This may be treated with a slow intravenous injection of atropine. Deaths have occurred from myocardial failure.


Blood pressure usually falls during halothane anesthesia. This is probably due to central vasomotor depression and myocardial depression.


Cerebral blood flow is increased which contraindicates its use where reduction of intracranial pressure is desired (e.g. head injury, intracranial tumors).





Respiratory system 


Respiratory depression commonly occurs resulting in decreased alveolar ventilation. Respiratory center depression usually precedes myocardial depression and is dose dependent. Although the depth of respiration is decreased there is tachypnea.





Central nervous system 


Despite generalized central nervous system (CNS) depression, the drug is not a good analgesic and also may lead to convulsions. Psychological changes may persist for over a week after administration.


Liver 


Halothane can produce massive hepatic necrosis or subclinical hepatitis following anesthesia. However, the incidence of massive necrosis due to halothane is very low. Patients most at risk are middle-aged, obese women who have previously (within 28 days) had halothane anesthesia. The basic lesion appears to be a hypersensitivity type of hepatitis which is independent of halothane dose.


Uterus 


Halothane can cause uterine atony and postpartum hemorrhage.





Pharmacokinetics


Twenty per cent of administered dose is metabolized in the liver, the balance being lost in exhaled air. Metabolites are slowly cleared from the body and can be detected in the urine for up to 3 weeks.





ENFLURANE





Use


Enflurane is 2-chloro-1,1,2-trifluoroethyl, difluoromethyl ether. It is a volatile liquid with an ethereal smell (boiling point 56.5°C). It has a blood-gas coefficiennt of 1.8 and an MAC of 1.68% in oxygen. For induction an initial inspired concentration of 1% is gradually increased to 4-5% in oxygen or a nitrous oxide-oxygen mixture. For maintenance 1-3% concentration is used. Enflurane is a potent general anesthetic which has the potential advantage of producing direct muscle relaxation and reversible potentiation of muscle relaxants. It is commonly used in anesthetic practice, particularly if multipole anesthetics are necessary (as liver dysfunction is rare), or rapid recovery is important.





Adverse effects


Cardiovascular system Enflurne depresses myocardial contractility more than halothane, but sensitizes the myocardium to catecholamines less than halothane.


Respiratory system Respiratory depression is common, but is only a problem if spontaneous ventilation is required during deep anesthesia.


Central nervous system High concentrations can produce spike and wave activity in the electroencephalogram (EEG), particularly in children in the presence of hypocapnia this may lead to grand mal fits.


Uterus Uterine tone is reduced increasing the risk of postpartum hemorrhage.


Kidney Transient loss of renal concentrating ability leading to polyuria has been reported following prolonged enflurance anesthesia. This may be related to the accumulation of fluoride ion or another separate metabolite of enflurane producing a mild degree of reversible nephrotoxicity.





Pharmacokinetics


Enflurane is relatively insoluble, so only a small fraction (approximately 2.5%) is metabolized. However, free fluoride ion is released by this process and during prolonged anesthesia this may lead to neprotoxicity in susceptible patients.





ISOFLURANE





Use


Isoflurane is 1-chloro-2,2,2-trifluoroethyl difluoromethyl ether (boiling point 48.5°C). It has a blood-gas partition coefficient of 1.4 and an MAC of 1.15 % in oxygen. Isoflurane is a less soluble isomer of enflurane, and is widely used. It potentiates the action of muscle relaxants. It produces dose-dependent peripheral vasodilatation and therefore hypotension but with less depression of the myocardium than halothane or enflurane. This makes it the agent of choice for use in patients with cardiac disease. Cerebral blood flow is little affected by isoflurane anesthesia which makes it an agent of choice during neurosurgery. Uterine tone is well maintained compared with halothane or enflurane thereby reducing the likelihood of anesthetic-associated postpartum hemorrhage.





Adverse effects





Cardiovascular system Hypotension from peripheral vasodilatation. High concentrations (greater than 2 MAC) may theoretically worsen ischemia in patients with ischemic heart disease due to a „coronary steal“ syndrome where blood flow is increased along the normal vessels at the expense of the already ischemic areas, these being supplied by stressed rigid vessels. Normal clinical use of isoflurane is not associated with this problem.


Respiratory system Respiratory depression is common and dose dependent. The vapor is also an irritant which makes gas induction more difficult than with halothane.





Pharmacokinetics


Because of its low solubility isoflurance is even less metabolized than enflurane (approximately 0.2%), so fluoride accumulation is rare and only seen after prolonged administration (e.g. when used for sedation in intensive care).





NITROUS OXIDE





Use


Nitrous oxide is stable and unaffected by soda lime. It is not an irritant. It is a powerful analgesic but a weak anesthetic, with a MAC of 104%. It has a blood-gas partition coefficient of 0.47, which means that anesthesia is induced rapidly. Unconsciousness is not usually attained unless the concentration of inhaled gas is above 70%, but use of less than 30% inhaled oxygen may result in a PaO2 below 80 mmHg (10.5 kPa), severely limiting its use as a sole agents. Uses include:


General anesthesia after premedication, intravenous induction with a volatile or intravenous supplement. There is poor muscle relaxation, not adequate for abdominal  surgery.


Premixed nitrous oxide and oxygen in equal volumes can be administered on demand system and it is useful as an analgesic in labor, during postoperative physiotherapy, changing of surgical dressings, removal of drainage tubes and other painful procedures.


Concomitant administration of nitrous oxide with one of the volatile anesthetics reduces the MAC value of the volatile agent by up to 75%.





Adverse effects


Nitrous oxide on its own, like nitrogen, produces progressive hypoxia and can result in death of permanent neurological sequelae. With adequate (20% or more) oxygen, nitrous oxide does not depress respiration but does potentiate respiratory depression due to barbiturates and narcotic analgesics.


Nitrous oxide in the alveolar gas equilibrates with the pulmonary capillary blood, tissues and gas-containing spaces, whilst nitrogen is removed and passes into the alveoli. Because of the large difference in their blood-gas partition coefficients, much less nitrogen will leave the circulation compared with the nitrous oxide entering. Thus pressure can increase in the gut, lungs, middle ear and sinuses. Ear complications and pneumothorax may occur.


	After cessation of administration of nitrous oxide, the rapid outflow into the alveoli can result in diffusion hypoxia, i.e. the gas diffuses out very quickly and can account for up to 10% of the expired volume, this displaces alveolar air so that the patient is left a hypoxic mixture to breathe.


Prolonged administration (as in tetanus treatment) has resulted in megaloblastic anemia due to interference with the action of vitamin B12 , and agranulocytosis.





Pharmacokinetics


Nitrous oxide is eliminated unchanged from the body, mostly via the lungs. Despite its high solubility in fat most is eliminated within minutes of stopping administration.





New agents


Two potentially important inhalational anesthetic agents (sevoflurane and desflurane) are being developed. Sevoflurane, being a non-irritant, promises to be the best agent for smooth, rapid gaseous induction of anesthesia, affords cardiovascular stability and allows for rapid recovery. It has the potential disadvantage of being metabolized to the same extent as enflurane. Desflurane is the most cardiostable agent yet developed and also affords rapid induction and recovery. Metabolism is of the order of only 0.02%. Problems with its use are (1) its extreme pungency, and (2) being highly volatile at room temperature, it requires a special vaporizer.





Occupational hazards of inhalational anesthetics


Apart from the obvious risks to patients, the effects of prolonged exposure to inhalational agents on anesthetists and other theatre personnel have to be considered. Among the postulated hazards are abortion, low birth-weight infants, congenital disorders and cancer in adults. Although much of the evidence is controversial, evidence is accumulating that such exposure may be hazardous and that all possible precautions to ensure efficient removal of anesthetic gases from the environment must be taken.





INTRAVENOUS ANESTHETICS





Uptake and distribution


Uptake depends on a number of factors including the concentration of agent, the site, rate and volume of injection, and circulation time - a low cardiac output resulting in a longer induction time. Redistribution rather than metabolism is the main factor influencing waking time following a single bolus dose of an intravenous anesthetic. The anesthetic action depends on administration of a large enough bolus to produce a high blood-brain concentration gradient. Plasma concentration falls rapidly due to dilution in the bloodstream followed by distribution to other body tissues. Metabolism then follows at a rate of approximately 10-20% per hour of the total dose.











SODIUM THIOPENTONE





Use and pharmacokinetics


Sodium thiopentone is used to induce general anesthesia (and also in status epilepticus). It dissolves in water and a 5% solution has a pH of 10.8. Sodium carbonate, 1.6% , is added to the powder to prevent formation of free acid on exposure to atmospheric carbon dioxide. It is therefore an extremely irritating solution. Its safe use depends critically on understanding its pharmacokinetics. A dose of 4-5 mg/kg intravenously produces loss of consciousness within 10 second and general anestheisa for about 5 min. The plasma half-life of the drug is 6 hours but the rapid course of action is explained by its high lipid solubility coupled with a rich penetration into the brain. The short-lived anesthesia results from the rapid fall (a phase) of the blood concentration, which occurs due to distribution of drug into the tissues. Drug is then transferred rapidly back out of the brain into the blood to maintain equilibrium. Following the initial uptake of thiopentone into the brain the main early transfer is into muscle. In the hypovolemia and vasoconstriction occuring in shock, this transfer is reduced and sustained high concentrations develop in the brain and heart, producing prolonged and sometimes fatal depression of these organs. These facts were unknown during the early use of the drug. The mortality from thiopentone use in trauma, for example after the Pearl Harbour attack, was consequently a staggering 1 in 80, and thiopentone is now used only for induction and not for maintenance of anesthesia. Metabolism, mainly side chain oxidation, is almost complete and occurs in the liver, muscles and kidneys. The metabolites are excreted via the kidneys. Reduced doses are used in the presence of impaired liver or renal function.





Adverse effects


Central nervous system There is depression of many central functions including the respiratory and cardiovascular centers. Subanesthetic doses are not analgesic and indeed produce hyperalgesia. Cerebral blood flow and metabolism are reduced (this is turned to advantage when thiopentone is used in neuroanesthesia).


Cardiovascular system The force of cardiac contraction and therefore cardiac output is reduced. Cardiac arrest can occur in patients with pre-existing heart disease. There is dilatation of the peripheral capacitance vessels with a fall in blood pressure and reduction in renal blood flow.


Respiratory system In addition to centrally mediated respiratory depression, there is an increased tendency to laryngo- and brochospasm.


Allergy and other adverse effects These can manifest as urticaria or anaphylactic shock due to histamine release. Necrossis of tissue and peripheral nerve injury can occur due to accidental extravascular administration injection into an artery. Postoperative restlessness and nausea are common. 


Thiopentone should be avoided or the dose reduced in patients with shock, anemia, uremia, cardiac disease and in immature infants. Acute porphyria can be precipitated in susceptible patients.





PROPOFOL





Use


Propofol is the newest of the commonly used anesthetic induction agents. Owing to its short duration of action and the rapid clear-headed recovery that ensues from its use, it has superseded thiopentone as an intravenous induction agent in many centers. It is formulated as an emulsion in egg phosphatide/soya bean oil at a concentration of 10 mg/ml. Its main advantage over other agents is that it is rapidly metabolized and has no active metabolites. After a single dose patients recover after approximately 5 min with a clear head and no hangover. It may have amnesic and antiemetic actions. Uses include:





Intravenous induction. A dose of 2-2.5 mg/kg depending on patient response will provide generally smooth induction of anesthesia lasting for approximately 5 min, making it especially useful for short procedures and day case surgery. Special caution is, however, needed following day case surgery because delayed recovery can occur, and delayed convulsions have also been reported.


Maintenance of anesthesia. Total intravenous anesthesia (TIVA) using propofol in doses of 6-12 mg/kg/h in conjunction with oxygen or oxygen-enriched air ( nitrous oxide, opioids and muscle relaxants relies on the short half-life of propofol. It is „environmentally friendly“, avoiding the need for volatile fluorocarbons that have been implicated in damaging the ozone layer. In addition, propofol has little effect on cerebral blood flow (unlike nitrous oxide and volatile agnets), making TIVA with propofol a useful technique in neuroanesthesia.


Sedation. Doses of 2-3 mg/kg/h can be used where sedation is required, for example in intensive care or during investigative procedures.





Adverse effects





Cardiovascular system Propofol produces greater cardiovascular depression than other intravenous agents and should be avoided in patients with cardiac disease or where hypovolemia exists.


Respiratory system Apnea following injection is generally more marked than with thipentone and may require assisted ventilation. Laryngeal reflexes are abtunded to a greater degree than with other intravenous induction agents. Histamine release can occur and bronchospasm has been reported occasionally in susceptible patients.


Nutrition Long-term sedation in intensive care using propofol can lead to a substantial extra calorie load (in the form of lipid) which should be accounted for if the patient is receiving parenteral nutrition.





KETAMINE





Use


Ketamine is used as a parenteral anesthetic, but it has an adverse effect (see below). Because of its ease of administration and safety, its use is widespread in countries where there are few skilled anesthetists. Its safety relates to the fact that, unlike other injectable anesthetics, it is a respiratory and cardiac stimulant (rather than depressant). The altered state of consciousness that it produces differs from conventional anesthesia in that there is profound sedation and analgesia, but there may be „dreaming“ and muscle tone is increased. It has been used for management of mass casualties or for anesthesia of trapped patients to carry out amputations etc.





Adverse effects


Ketamine was developed from phencyclidine (now used only as an animal tranquillizer and a drug of abuse because of its ability to cause psychosis). Ketamine can cause similar, though less severe hallucinatory experiences consisting of vivid, unpleasant, brightly colored dreams of a hallucinatory character occurring in some 15% of patients during recovery and often accompanied by delirium. „Flashbacks“ can occur over many months. This can occur in children, and it is unfortunate that ketamine has veen used widely for procedures in this age group.


Intracranial pressure is increased by ketamine and its safety in patients with raised intracranial pressure has been questioned.


Cardiovascular system Blood pressure is raised by 25-30 mmHg and pulse by 10-15 beats/min, which may be dangerous in hypertensive patients or in those with heart failure or a history of cerebrovascular accident.


Respiratory system Respiration is mildly stimulated and selivarion is increased producing a risk of fluid aspiration into the lungs.





Pharmacokinetics


Plasma t1/2 is 2.5-4 hours. Ketamine is 5-10 times more lipid soluble than thiopentone and rapidly passes the blood-brain barrier. An intravenous dose of 2 mg/kg produces anesthesia within 30 seconds which lasts for 5-10 min. Unconsciousness is probably terminated by redistribution of the drug from the brain to other tissues as with thiopentone, but some of its metabolites have pharmacological activity which may be responsible for postanesthetic hallucinations.





BENZODIAZEPINES





Use


Diazepam has been used for induction and to supplement nitrous oxide anesthesia. Despite good amnesia and less cardiorespiratory depression than the other short-acting intravenous agents, it is not popular for induction. It is slow to act, can cause pain during injection and ensuing thrombophlebitis. Unpredictable cardiovascular depression may occur and a full recovery is prolonged. Despite these drawbacks, it is used as a psychosedative for minor procedures such as dentistry, endoscopy and cardioversion. The incidence of thrombophlebitis with intravenous diazepam has been substantially reduced by using a preparation made up as an emulsion in soya bean oil.





Midazolam is a benzodiazepine with a short plasma half-life (approximately 2.5 hours). It rarely produces thrombophlebitis and onset of hypnosis is more rapid than with diazepam. Recovery times after a single dose of diazepam and midazolam are similar but midazolam produces more amnesia which is useful for procedures such as endoscopy or bone marrow trephine. It should not be used in repeated doses as accumulation occurs. The use of benzodiazepines for induction of anesthesia is usually confined to the slow induction of poor-risk patients.


	A specific benzodiazepine antagonist flumazenil allows for rapid reversal of benzodiazepine sedation/anesthesia. However, it has a short half-life of less than 1 hour which often leads to resedation if given as a single bolus dose. This characteristically occurs when the patient has been returned to the ward where observation is less intense than in the recovery area. Respiratory depression and hence hypoxia may therefore be missed. Routine use of  flumazenil after benzodiazepine sedation/anesthesia is not recommended.





OPIOIDS





High-dose opioids such as fentanyl have been used to induce anesthesia in poor-risk cardiac patients as they afford cardiostability, as well as helping to markedly reduce the stress response to cardiac surgery. In this context fentanyl has been used in doses of up to 50 mg/kg (compare this with a normal single bolus dose of fentanyl of 50-150 mg). It is important to realize that even with these massive doses awareness under anesthesia has occurred and such procedures should be accompanied either with a small dose of a volatile agent or with a concomitant administration of benzodiazepines to produce amnesia. High-dose opioids can also cause marked muscle rigidity making assisted ventilation difficult. This can be done away with by the used of muscle relaxants. Opioids are also used in neuroleptanalgesia.





NEUROLEPTANALGESIA





Neuroleptanalgesia is a state of inactivity and reduced response to external stimuli. Symptoms of psychomotor agitation disappear and sedation although able to understand and answer simple questions and obey commands.This state can be useful in complex diagnostic procedures, or nitrous oxide may be added to induce unconsciousness. Neuroleptanalgesia is commonly produced by a combination of droperidol (a butyrophenone „tranquillizer“) and an opioid (fentanyl or phenoperidine).





DROPERIDOL





Droperidol is a butyrophenone and so produces extrapyramidal effects. It is also a potent a-adrenoceptor antagonist and has quinidine-like properties. It has a short distribution phase half-life. It is usually given as an intramuscular or intravenous injection. The rapid distribution results in a rapid onset of action. The plasma elimination t1/2 is 2-3 hours but droperidol has a depressant effect on behavior for up to 48 hours when given in usual dose (10 mg). About 10% of the drug is excreted unchanged, the rest undergoes hepatic metabolism to inactive products.














FENTANYL





Fentanyl is the opioid most commonly employed with droperidol to produce analgesia (alfentanyl or phenoperidine are alternatives). It is exceptionally potent having approximately 100 times the analgesic activity of morphine. It is also used to depress respiration in patients requiring prolonged assisted ventilation. It distributes rapidly into tissues following injection accounting for its rapid action. The t1/2  is 2-4 hours. Fentanyl is rapidly and extensively metabolized but the short duration of action (the peak effect lasts only 20-30 min) is probably due to redistribution of the drug from the brain to the tissues, like thiopentone. Particular care should therefore be taken after multiple injections where accumulation of the drug may occur because of saturation of tissue stores. As with other opioids respiratory depression can be reversed by naloxone. Bradycardia can be antagonized by atropine and muscular rigidity can be relieved by muscle relaxants.





SEDATION IN THE INTENSIVE CARE UNIT





Both ventilated and spontaneously breathing patients in intensive care frequently require sedative/analgesic drugs, both for humanitarian reasons and to reduce responses to stress, for example hypertension, tachycardia, tachypnoea, that are undesirable in patients with compromised cardiac function or neurological disease. The choice of agent(s) used is  tailored to meet the needs of the individual patient and regularly reviewed. This is particularly important where long-acting apioids or benzodiazepines are being used whose action may be prolonged due to accumulation of drug and active metabolites. Similarly ultra-short-acting drugs like propofol may not be the most suitable agents to use if ventilation is potentially destined to be used for several weeks as in tetanus. Most sedative drugs are given by continuous intravenous infusion both for convenience of administration and controllability, and include opioids, benzodiazepines (e.g. diazepam or midazolam) and anesthetics (e.g. propofol). Propofol is increasingly used where short-term sedation is required because its lack of accumulation results in rapid recovery.





PREMEDICATION FOR ANESTHESIA





Premedication was originally introduced to facilitate induction of anesthesia with agents such as chloroform and ether that are irritants and produce copious amounts of secretions. Modern induction methods are simple and not unpleasant and the chief aim of premedication is now to allay anxiety in the patient awaiting surgery. Inadequate premedication may lead to the administration of larger doses of anesthetic than would otherwise have been required thereby resulting in delayed recovery. Agents used include sedatives (e.g. benzodiazepines), opioid muscarinic receptor antagonists (e.g. atropine).





MUSCLE RELAXANTS





Muscle relaxants are reversible muscle paralyzers. They are grouped as:


non-depolarizing agents (competitive blockers), such as vecuronium and atracurium. These bind reversibly to the motor endplate nicotinic cholinoceptor competing with acetylcholine and thereby preventing endplate depolarization and blocking neuromuscular transmission.


Depolarizing agents, such as suxamethonium which bind acetylcholine receptors at the neuromuscular junction, but act as agonists. The motor endplate is prevented from responding normally to acetylcholine by maintaining it in a constant state of depolarization. These drugs also exert a non-depolarizing action after the initial phase of depolarization which may relate to receptor desensitization.





All muscle relaxants are highly charged molecules and do not readily pass through plasma membranes into cells. They are usually administered intravenously and are distributed by blood flow and diffusion throughout the body. Changes in muscle blood flow or cardiac output can thus alter the speed of onset of neuromuscular blockade.





Non-depolarizing agents





TUBOCURARINE





Use


Curare, an arrow poison used by South American Indians, is derived from the plant Chondrodendron tomentosum. The active alkaloid, tubocurarine, is an isoquinoline derivative which has neither analgesic nor anesthetic properties but can release histamine and is a weak ganglion blocker. A dose of 0.5 mg/kg intravenously is used to produce muscle relaxation sufficient for intubation and controlled ventillation. At the end of the procedure the effect of tubocurarine can be reversed by the injection of an anticholinesterase such as neostigmine, 2.5-5 mg, which increases the amount of acetylcholine at the endplate by preventing its breakdown by acetylcholinesterase. Neostigmine is preceded by atropine, 1.2 mg, or glycopyrrolate, 0.5 mg, to prevent the parasympathetic effects of acetylcholine by blocking muscarinic receptors.





Pharmacokinetics


Curare is not absorbed when taken orally: hence Indians could safely eat the animals they killed with poisoned arrows. The half-life is about 100 min. The duration of paralysis is determined by drug elimination Some tubocurarine is metabolized but 30% is excreted unchanged in the urine. Renal excretion is by glomerular filtration and no secretion or reabsorption takes place via the tubular epithelium because of the high degree of ionization of the drug. Biliary excretion occur in dogs but has not been demonstrated in humans. After intravenous administration, the effect comes on rapidly, reaches a maximum at 3 min and persists for approximately 40-50 min, although following repeated administration a more prolonged  effect results. The action is prolonged in acidotic patients and shortened in alkalosis. Volatile anesthetics intensify and prolong the action of tubocurarine. There is poor penetration of the placental barrier and usual doses do not affect the fetus or cross the blood-brain barrier.





Adverse effects


Hypotension due to autonomic ganglion blockade.


Occasional bradycardia.


Histamine release can cause flushing of the face and upper chest and very rarely bronchospasm and circulatory collapse.


In the presence of respiratory acidosis, maysthenic syndromes, concurrent administration of b-receptor blockers, aminoglycosides, frusemide and some tetracyclines prolongation of neuromuscular blockade may occur.





PANCURONIUM





Use


Pancuronium is a non-depolarizing muscle relaxant with a rapid onset of action, a peak effect at 2-3 min and a duration of action of 60-90 min. It is about five times more potent than D-tubocurarine.





Pharmacokinetics


The t1/2  of pancuronium is similar to D-tubocurarine (100 min). It is partly metabolized by hepatic microsomes, but a large fraction is eliminated by the kidneys so patients with reduced renal function show reduced elimination and prolonged neuromuscular blockade. Pancuronium, like tubocurarine, does not pass the blood-brain or placental barriers.





VECURONIUM





Use


Vecuronium is a relatively new non-depolarizing agent with an onset of action similar to pancuronium but a duration of action of approximately 30 min. A full intubating dose of vecuronium, 0.1 mg/kg, can usually be reversed successfully by anticholinesterases after only 15-20 min. It has minimal effect on heart rate or blood pressure and does not release histamine.





ATRACURIUM





Use


Atracurium is a non-depolarizing muscle relaxant with a rapid onset of action similar to vecuronium and a duration of 20-30 min. The intubating dose is 0.5 mg/kg. Flushing of the face and chest, hypotension or rarely bronchospasm may result from histamine release. Continuous infusion of atracurium popular in intensive care to facilitate intermittent positive pressure ventilation (IPPV) and during long surgical cases can provide stable and readily reversible muscle relaxation as it does not accumulate. It is unique in that it is inactivated spontaneously in plasma by Hoffman elimination, a chemical process that requires neither hepatic metabolism nor renal excretion. This makes it the agent of choice for use in patients with significant hepatic and renal impairment. One metabolite, laudanosine, rarely causes epileptic fits.





NEW AGENTS





New non-depolarizing agents have been developed that are claimed to approach the speed of onset of suxamethonium whilst retaining ease of reversibility. Mivacurium and rocuronium are two such agents but as yet neither is in common use.





Depolarizing agents





SUXAMETHONIUM





Use


Suxamethonium is the dicholine ester of succinic acid and thus structurally resemble a dimer of acetylcholine. Solutions of suxamethonium are unstable at room temperature and must be stored at 4°C. They lose activity if mixed with thiopentone with which they are incompatible. Suxamethonium is used to obtain short duration muscle relaxation as needed for tracheal intubation, during bronchoscopy, orthopedic manipulation and electroconvulsive therapy. Because of the muscarinic effects of suxamethonium, atropine or glycopyrrolate is usually given before its use. A single adult dose of 1mg/kg intravenously produces paralysis for 2-4 min. Apnea lasting more than 15 min is considered abnormal.





Adverse reactions


Prolonged apnea can occur. In about 1 in 2800 of the population a genetically determined abnormal plasma pseudocholinesterase is present which has poor catalytic activity. Slow hydrolysis of suxamethonium in these patients produces prolonged apnea, sometimes lasting several hours. Acquired deficiency of cholinesterase may be caused by malnutrition, dehydration, electrolyte disturbances, anemia, liver disease (parenchymatous and obstructive), carcinomatosis, radiation or poisoning (e.g. organophosphorus). However, even very low blood cholinesterase levels acquired due to these disease only prolong suxamethonium apnea by several minutes.


Muscle fasciculations are often produced several second after injection of suxamethonium and are associated with muscular pains after anasthesia.


Occasionally hypertonicity develops for 3.5 min and is then replaced by hypotonicity. Rarely, this hypertonicity may develop into malignant hyperpyrexia.


Owing to its muscarinic action, repeated doses of suxamethonium without prior administration of atropine or glycopyrrolate can cause bradycardia or asystole.


Suxamthonium may cause an increase in salivary and gastric secretion and is contraindicated in severe glaucoma because it increases intraocular pressure.


It can precipitate ventricular fibrillation due to potassium release from striated muscle in hypercalemic patients.   For this reason it is contraindicated in patients with neuropathies, myopathies or severe burns.


Suxamthonium can produce anaphylactic reactions.


Neostigmine prolongs its action by increasing endogenous acetylcholine.





Pharmacokinetics


The action of suxamethonium is terminated by metabolism by plasma enzymes that are subject to genetic variation pseudocholinesterase first converts it into succinyl monocholine. 


This is also a depolarizing muscle blocker but has only 1/20 of the potency of the parent compound. Succinyl monocholine is further hydrolyzed to choline and succinic acid. The plasma t1/2  of  succinylcholine is 2-4 min. In the absence of any enzyme activity non-enzymic hydrolysis continues at a rate of 5% per hour.





MALIGNANT HYPERTHERMIA





This is a rare but potentially lethal complication of anesthesia. All the volatile anesthetic agents and suxamthonium have been implicated in its causation. It consists of a rapid increase in body temperature accompanied by tachycardia and generalized muscle spasm. Severe acidosis and hyperkalemia can  lead to serious arrhythmias.





Treatment


Treatment includes the following:


Discontinue the anesthetic and administer 100% oxygen via a vapor-free breathing system.


Administer dantrolene sodium intravenously: this inhibits excitation-contraction coupling in striated muscle by interfering with intracellular calcium mobilization, thus relieving muscle spasm. Intravenous boluses of 1 mg/kg are given as required at 5-10 min intervals to a maximum of 10 mg/kg.


Correction of acidosis and prompt treatment of serious arrhythmias.


Administration of 50% glucose and insulin to correct hyperkalemia.


Cooling.





LOCAL ANESTHETICS





Introduction


Many surgical procedures can be performed as well under local or regional anesthesia as with general anesthesia. A local anesthetic may well be considered the method of choice for patients with severe cardiorespiratory disease as the risk of general anesthesia is avoided and in many cases there is potential for good quality postoperative analgesia (epidural), and avoidance of systemic narcotic analgesics. Alternatively, a local anesthetic nerve block is often useful as an adjunct to general anesthesia.





LIGNOCAINE





Use


Lignocaine is the most widely used local anesthetic in the UK (its use as an antiarrhythmic drug is discussed). For procedures such as lumbar puncture or bone marrow trephine it is used to anesthetize the skin and deeper pain-sensitive membranes such as the periosteum, and may be infiltrated locally, or applied topically as a gel or drops to mucous membranes. Lignocaine is chemically stable and like most local anesthetics is a weak base with  a pKa  of 7.86. The unionized form is lipid soluble and spreads through tissues penetrating cell membranes. This necessary conversion to the unionized form explains why local anesthetics are less active (or inactive) if injected into an inflamed area due to low pH from local tissue acidosis. Local anesthetics act on the plasma membranes of excitable cells. The resting transmembrane potential is unaffected but the rapid inflow of sodium ions which is the ionic basis of the upstroke of the action potential is prevented. Like other local anesthetics small unmyelinated fibers are depressed first and larger myelinated fibers last. The order of loss of function is therefore: pain, temperature, touch, proprioception and motor function. Lignocaine does not affect vascular smooth muscle, but it is available in combination with adrenaline which causes vasoconstriction and hence prolongs its effect.





Adverse effects


Toxicity is uncommon after lignocaine is used as a local anesthetic but cardiovascular and central nervous complications can occur. A rough guide for maximum local administration is 7 mg/kg with adrenaline and 3 mg/kg without adrenaline. Toxicity can readily result from accidental intravenous administration of lignocaine. Absorption following topical application can be very rapid (e.g. from the larynx, bronchi or urethra) and levels in plasma may be reached similar to those after intravenous injection Preparations containing adrenaline must not be injected into the digits (to produce a „ring“ block) because of the risk of vasospasm in digital end arteries and consequent ischemia. Systemic allergy is uncommon.





BUPIVACAINE





Bupivacaine is a commonly used long-acting amide local anesthetic especially for epidural/spinal anesthesia. Peripheral nerve and plexus blockade with bupivacaine 0.5% can have a duration of action of 5-12 hours. Epidural blockade is much shorter at about 2 hours but is still longer than for lignocaine. Relatively short duration of epidural block is related to the high vascularity of the epidural space and consequent rapid uptake of anesthetic into the bloodstream. Bupivacaine is the agent of choice for continuous epidural blockade in obstetrics as the rise in maternal (and therefore fetal) plasma concentration occurs less rapidly than with lignocaine. Bupivacaine has a mild vasodilator action that makes the adition of adrenaline less effective than with lignocaine. The maximum recommended doses are 2 mg/kg plain and 3 mg/kg with adrenaline added. Toxicity is more marked than with lignocaine. The first sign of toxicity can be cardiac arrest from ventricular fibrillation, which is often resistant to defibrillation.





PRILOCAINE





Prilocaine is similar in structure and actions to lignocaine, but is claimed to be less toxic. It is most useful when a high concentrarion or large total amount of local anesthetic is needed, for example for injection into vascular areas such as the perineum or for use in intravenous regional anesthesia (e.g. Biers´ block). For topical analgesia a 4% solution is used. Adrenaline has a smaller effect in prolonging the duration of analgesia with prilocaine than with lignocaine, and in dental procedures prilocaine is often used with the peptide vasoconstrictor felypressin. Excessive doses can lead to systemic toxicity, dependent on plasma concentration, and the maximum safe dose is approximately 8 mg/kg.





Pharmacokinetics


Prilocaine is metabolized by amidase in the liver, kidney and lungs. The rapid production of oxidation products, particularly o-toluidine and nitrosotoluidine, may give rise to methemoglobinemia which is, however, of clinical importance only if there is severe anemia or circulatory failure.





COCAINE





Cocaine is the major local anesthetic alkaloid in  the leaves of the South American coca plant. It is used topically in nasal operations and other ear, nose and throat (ENT) procedures. A reasonable dose for surface analgesia is 3 mg/kg with a maximum total of 200 mg. Because of its inhibitory effects on amine uptake, cocaine potentiates adrenaline so the addition of a vasoconstrictor is unnecessary. Acute intoxication can occur, consisting of restlessness, anxiety, confusion, tachycardia, angina, cardiovascular collapse, convulsions, coma and death. In the central nervous system (CNS), initial stimulation gives rise to excitement and raised blood pressure followed by vomiting. This may be followed by fits and CNS depression. Small doses produce central respiratory stimulation, larger doses depress respiration.





BENZOCAINE





Benzocaine is a surface anesthetic which is comparatively non-irritant and has low toxicity. Benzocaine compound is used to prevent nausea and vomiting during the taking of dental impressions and for the passage of bronchoscopes and esophagoscopes in the conscious patient. They can also be used to alleviate the pain of local oral lesions such as aphthous ulcers, acute pharyngitis, lacerations and carcinoma of the mouth.
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