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This lecture will discuss the clinical pharmacology of analgesic drugs which are :  Non-steroidal anti-inflammatory drugs – commonly referred to as NSAIDS, the specific cyclooxygenase-2 inhibitors, opioids, which are commonly available, ketamine, local anaesthetic agents. 

Drugs used for neuropathic pain. It will also discuss anti-emetic drugs and other drugs such as naloxone that is used to reverse the effects of opioids and steroids.  Lately, the talk will address treatments which are non-drug.
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The discussion on clinical pharmacology will include: 

1) The mechanism of action of the drug. Knowledge of the mechanism of action of drugs is important, particularly when you want to combine two or more analgesic drugs.
2) Routes of administration, how is the drug absorbed and eliminated. 
3) The main indications for the use of this class of drugs and the commonly used dosages for adults and children. 
4) The side effects that you can expect – the common side effects will be highlighted and a mention made of the uncommon ones.
 5) Any special precaution that is needed. 
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Paracetamol also known as acetaminophen has both analgesic and antipyretic effects. That is it provides pain relief as well reduces the body temperature when a patient has fever. Despite numerous studies the mechanism of action is not clear. There have been controversy over whether its action is central or peripheral and whether it targets another type of cyclooxygenase enzyme in the central nervous system. 
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- The time taken to reach maximum plasma concentration (T max) is 15 minutes when an effervescent solution is used – 30-60 minutes when other oral forms are used. 
- It is up to 2-3 hours when suppositories are used (Bannwarth B & Penhurcq F. Pharmacological basis for using paracetamol: pharmacokinetics and pharmacodynamic issues. Drugs. 2003; 63: 5-13.  
- Bioavailability when means how much of the drug is absorbed when given orally, ranges from 60-90% depending on the dose.  

- Elimination: Paracetamol is extensively metabolized in the liver by glucuroconjugation and sulfuroconjugation. This has implications in the use of paracetamol in patients with liver impairment or when overdose is taken.
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It is used as an analgesic drug for mild to moderate pain. 1) E.g. Tooth ache / teething pain in children, backpain, joint and muscle pain, headache, dysmenorrhoea  2) Relief of fever in adults and children. Dosage

·  Adults – Up to 1g oral / rectal, every 6 hours ( 4g should not be exceeded / day

·  Children – Oral / rectal  20 mg / kg – every 6 hours 
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Oral paracetamol is well tolerated has no side effects when taken at therapeutic doses. It does not have any effect on the haematological system. 
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Paracetamol is metabolized in the liver and it must not be used in the presence of liver impairment (particularly in the presence of raised liver enzymes).  In patients with renal impairment, the dose of paracetamol should be reduced to 2-g/day.
Even when there is no liver or renal impairment, do not exceed 4g/day in an adult or 125mg/kg/day in children.
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Hepatotoxicity in the form of acute liver failure can occur when there is an overdose of paracetamol. There is a potential for developing acute liver failure when patient takes larger than prescribed doses of paracetamol, particularly when pain is not controlled with the prescribed and exceeds 8-10g / day. Intentional overdose is known to be the leading cause of acute liver failure in the US, UK and Australia. When there is an overdose, the elimination pathways in the liver become saturated and this results in elevated levels of a toxic metabolite which can cause cellular necrosis. 
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When paracetamol poisoning or acute overdose is suspected it is important that the antidote, N-Acetylcysteine (NAC) that has been available since 1974, should be administered within 8-10 hours. Similarly, renal necrosis can also occur with an overdose of paracetamol due to them same toxic mechanism as in the liver.
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Non steroidal anti inflammatory drugs (NSAIDs)
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- For many centuries, infusion of the bark of the willow tree was used to treat fever and joint pains (rheumatism) . With advances in organic chemistry in the 19th century, salicylic acid was isolated from the willow bark. 
· Salicylic acid was found to be an irritant to the gastric mucosa, so acetylsalicylic acid was synthesized. This became known as aspirin, late in the 19th century. Aspirin soon became widely used for the treatment of pain and fever, till the availability of other drugs with similar mechanism of action. Aspirin remains the original NSAIM.
·  It continues to be used in many parts of the world, particularly in countries with limited resources. 
· Low dose aspirin is also useful in the treatment and prophylaxis of patients with ischaemic heart disease. 
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Besides aspirin, there are now available a diverse group of compounds, that have a similar mechanism of action to aspirin – and with less side effects. The mechanism of action of aspirin and other NSAIDs was discovered in the 1960s by Prof Vane of the UK. He received a Nobel Prize for Medicine his ground breaking work in this area. 
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Aspirin and other Non Steroidal anti inflammatory drugs are widely used to treat pain and inflammation. Pain and inflammation are reduced by their action on the cyclooxygenase enzymes, also known as COX enzymes. There are two isoforms of the COX enzyme. COX-1 and COX-2. NSAIMs inhibit both the isoforms of the enzyme. Those drugs which inhibit both the COX-1 and COX2 are referred to as non-selective NSAIDs. The commonly available NS-NSAIDs are ibuprofen, diclofenace, mefenamic acid and naproxen 
- Drugs that selectively inhibit the COX-2 enzyme are non known as specific C)X-2 inhibitors or coxibs
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Since the 1990s we have known that are two isoforms of the enzyme cyclooxygenase. The discovery of these two isoforms has increased our understanding of the adverse effects of both NSAIDs and Coxibs. 
COX-1 is known as the constitutive or ‘housekeeping’ enzyme as it is normal constituent of the body. It is involving in homeostasis such as gastric mucosal protection, renal perfusion and sodium/water balance and platelet aggregation. 

COX-2 is induced in the presence of inflammation and tissue injury. It is also a normal constituent of organs such as the kidney, brain, endothelium, ovary and uterus. 
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Some understanding of the pathophysiology of pain is needed to understand the mechanism of action of NSAIDs. Injury to cells or inflammation sets into motion a cascade of events. Phospholipids from the cell membrane are converted to arachidonic acid. This in turn is converted by the COX enzymes, in particular by the COX-2 enzyme, to prostaglandins and thromboxane. These inflammatory mediators activate nociceptors on the Ad and c fibres to initiate signals which are carried up the somatosensory pathway to result in the perception of pain. 
By inhibiting the COX-2 enzyme, inflammatory mediators are reduced, less activation of nociceptors and therefore the relief of pain. 
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This slide gives a list of the non-selective and selective NSAIDs which are commonly used for the relief of pain and inflammation.
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This is the list of drugs in this class on the WHO essential drug list.
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Absorption and elimination

When administered orally aspirin, NSAIMs and Coxibs are well absorbed and reach therapeutic levels between 30 to 60 minutes

Slide 23

Indications

 Both the non-selective NSAIMS and COX-2 inhibitors have the same efficacy for postoperative analgesia. It is often used as the sole analgesic for day surgery when patients are not sent home on opioids because of the worry about nausea and vomiting. It is also used along with opioids for major surgery. 
Musculo-skeletal pain – e.g. back pain, joints, muscle sprains etc.; Osteoarthritis

Rheumatoid arthritis Not indicated for neuropathic pain
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Adverse and Side effects

Gastrointestinal effects

· The risk of erosions, ulcers and bleeding is higher with Non-Selective NSAIMS than with COX-2 inhibitors

· This risk with NSAIMs is also variable with some being less than others

·  Risk is greater 

· In elderly patients

· Those who are also taking aspirin 

· Risk can be reduced by adding a proton-pump inhibitor (e.g. omeprazole) to NSAIMs (H2 receptor blockers are not very effective
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Renal Effects

· Both COX-1 & 2 are constituent enzymes in the kidney

· Maintain renal perfusion and sodium/water balance

· Both NS-NSAIMs and COXIBs can cause

· Hypertension, odema

· Decrease in creatinine clearance that may be significant in patients with impaired renal function or transient hypotension / hypovolaemia in the postoperative period
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Cardiovascular effects

· Some studies have shown that there was a higher risk of thrombotic cardiovascular events (stroke, heart attack) when on coxibs when compared to Ns NSAIMs such as naproxen

· Other studies have shown that the cardiovascular events are similar

· Nevertheless, current recommendations are that coxibs should not be used in patients with active cardiovascular disease  and a known thrombotic condition
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Effect on Platelets

· Non-selective NSAIMs are able to prevent platelet aggregation as platelets do not have COX-2. There is therefore a potential for bleeding with NS-NSAIMs

· Coxibs do not prevent platelet aggregation 

· NS-NSAIMs should be used with caution in patients who are already on aspirin
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Others

· Some NS-NSAIMs can precipitate asthma is aspirin sensitive asthmatic patients.

· Selective COX-2 inhibitors are well tolerated by patients who have aspirin sensitive asthma 
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In Summary

· Both drugs are effective in providing pain relief for moderate pain 

·  The mechanism of action of both groups of drugs is by inhibiting the COX-2 enzyme that is induced with injury, inflammation and cancer

·  Gastrointestinal side effects are less with coxibs

· Coxibs have no effect on platelet aggregation

·  Both drugs should be used with caution in patients with renal impairment and in the elderly

· Coxibs should not be used in patients with active cardiovascular disease or known thrombotic effects

· Coxibs can be given to patients with aspirin sensitive asthma

· Both drugs should be used for the shortest period of time at the lowest dose that is effective
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Title

Opioids
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The analgesic properties of the opioid alkaloid (opium), derived from the dried milky juice of the opium flower has been known for centuries. Opium was a mixture of a variety of alkaloids, hence dosing was not accurate, and this led to either under or overdosing. 
· With the isolation of the single opioid, morphine by a German pharmacist, Serturner in 1813 and the introduction of the glass syringe in 1844, morphine has been the mainstay for the management of severe pain.
·    In the last 200 years since morphine was isolated, there has been numerous drugs that have been synthesized, which have properties similar to that of morphine. All these drugs which have actions similar to that of morphine are referred to as “opioids”  
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Opioids can be categorized into three groups.
1. Those drugs which are derived from the opium poppy (naturally occurring) are morphine and codeine.
2. Semi-synthetic drugs are hydromorphone, oxycodone, diacetylmorphine (heroin) and naloxone (antagonist)

3. The fully synthetic drugs are pethidine also known as meperidine, tramadol, nalbuphine, methadone, pentazocine, fentanyl, alfentanil, sufentanil and remifentanil.   The last three drugs are generally used exclusively by Anaesthesiologists. 
The opioids in the World Health Organization’s essential drug list – I.e. Drugs that should be available in all countries – are morphine, codeine, pethidine and oxycodone. Tramadol is placed both in the opioid category as well as in “other analgesic category” as it has a dual mechanism of action. –This will be explained in a later slide
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Opioids are usually classified into:
1. Strong opioids – i.e. potent opioids – such as morphine, oxycodone, pethidine and fentanyl. These drugs are used for severe pain, particularly for severe acute pain and cancer pain management. There is no alternative to these potent opioids in the management of severe acute pain. 
2. Weak opioids such as codeine and tramadol – used for moderate pain. They have a ceiling effect. The dose cannot be increased beyond a certain dose to provide pain relief. If pain is not relieved by the maximum allowable dose of a weak opioid, then the patients should be changed to strong opioids. 
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Analgesic Ladder

This figure shows the analgesic ladder –Also referred to as the WHO analgesic ladder because of the three steps that are highlighted. This is a guide to the management of acute pain. 
Step 1 drugs are those that are used for mild pain, while the weak opioids are used for moderate pain (step 2) and strong opioids such as morphine are used for severe pain (Step 3). 
You will also notice that other drugs such as paracetamol and NSAIDs are also used in addition to the opioids for the management of pain. This is because the two drugs have different mechanism of action and pain relief is improved or enhanced when both drugs are used.  
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Although opioids such as morphine have been used for centuries, it was only in the 1970s that the opioid receptors in the brain and spinal cord were discovered.  Opioid receptors are complex proteins that are embedded in the cell membrane of neurons in many parts of the central nervous system. 
There are three types of opioid receptors –μ, δ, κ – it is the μ receptor that is important as most opioids act on this receptor to exert their action.  Opioid receptors are found in many parts of the brain. In the cingulate cortex, thalamus, periaqueductal gray in the midbrain and in the dorsal horn of the spinal cord. From the figure in this slide, you can see those areas in the brain and spinal cord that are rick in opioid receptors.
Mechanism of action of opioids

Opioids act by binding to opioid receptors in the various areas of the central nervous system. They mainly bind to the μ opioid receptor. 
By binding to the receptor they activate a process of complex intracellular signals, which lead to reduction in the excitability of neurons in the path pathway. This reduction in excitability leads to inhibition of pain signals and eventually results in reduction in the perception of pain by the individual. 
Those opioids which have this action are known as agonists at the opioid receptor. Those drugs which bind to opioid receptors but have no action are known as antagonists at the μ receptor. Naloxone is an antagonist and reduces the actions of opioids at the μ receptor. Opioid receptors which are on the pre-synaptic part of the transmission can reduce the release of neurotransmitters such as glutamate. 
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Opioids can be administered by several routes. The can be administered orally, intravenously, intramuscularly, subcutaneously, transcutaneous route or per rectum. They also exert their action when administered directly into the epidural, intrathecal or intraventricular spaces. The onset of action, time to peak action and duration of action depends on the route and dose of the drug. 
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Morphine is the most widely used opioid for the management of severe pain. It can be given by all the different routes that were described in the previous slide. It is well absorbed when given by the oral route and has a bioavailability of 30-35% 
Bioavailability is a term used for the amount of drug that is available in the systemic circulation when a drug is administered by the oral route. I.e. If 30 mg of morphine is given orally, 10 mg will be in the systemic circulation and available for pain relief.  The reason for this low bioavailability of morphine when given by the oral route is due to first pass metabolism that takes place in the liver. All drugs that are absorbed by the gastrointestinal tract pass the liver by the portal circulation. Understanding the bioavailability of a drug is useful when you need to convert the parenteral dose of a drug to the oral route. For example, when 10 mg of morphine can control severe pain, then a patient will need 30 mg of morphine by the oral route.  
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Oral morphine is the mainstay in the management of severe cancer pain. It is available in two forms. Immediate release morphine which is available as either tablet morphine or liquid aqueous morphine and sustained release morphine which is available as tablet SR morphine.

Aqueous or liquid morphine is usually prepared by hospital pharmacies from the morphine sulphate / morphine hydrochloride powder. The concentration that is prepared is usually 1-2 mg / ml. However, in some situations when larger doses of morphine are required, the pharmacy can prepare a more concentrated preparation. Some flavour or sweetening agent is often added to liquid morphine to make it more palatable. It is also referred to as immediate release morphine as the onset of action is within 20-30 min and the duration is four hours.
In some countries, because the shelf life of liquid morphine is limited, immediate release morphine tablets are available. 
For continuous control of cancer pain, these have to be given every four hours, unless there is renal or liver impairment when the dose intervals can be increased. 
Sustained Release Morphine Tablets are also available in many countries. They are more expensive and should only be started when the dose of morphine required has been stabilized. They are an alternative to immediate release morphine for better compliance to medication. These tablets are given twice a day. They are specially formulated tablets that release morphine gradually in the gastro-intestinal tract and should be swallowed whole and not chewed or broken.
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Morphine is available as 10 mg / 1 ml ampoule. It can be administered intramuscularly (IM), subcutaneously (SC) or intravenously (IV). Many centres in the world are changing over to giving morphine SC rather than intramuscularly (IM). IM injections are painful and it seems paradoxical that painful injections are administered to relieve pain.
The onset of analgesia when given SC /IM is 20-30 minutes. Peak action is 45-90 minutes and the duration of analgesia is 4 hours. 

When rapid pain relief is needed for severe pain, the intravenous route is preferred as morphine is given directly into the systemic circulation and one does not have to wait for systemic absorption from the subcutaneous site. Morphine is given is small dose (1 – 2 mg boluses) till pain relief is achieved. 
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Metabolism and elimination - The main pathway of metabolism of morphine is conjugation with glucuronic acid in hepatic and extra-hepatic sites mainly in the kidney. Two main metabolites are produced. Morphine 3 glucuronide and morphine -6 glucuronide – the second metabolite has analgesic properties. Morphine should be used cautiously in patients with liver and renal impairment. The dose should be reduced and the dosing intervals should be increased. 
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Codeine is a weak opioid that is in the WHO essential drug list. (17th edition – March 2011). The oral tablet is available as 15 mg and 30 mg. It is well absorbed when given orally and there is no first pass metabolism. Codeine is converted to morphine in the liver and that may account for it analgesic action. Some people do not have the ability to metabolize codeine to morphine and codeine is not an analgesic in these people. 

It is found in cough mixtures as it has anti-tussive activity and is also combined with paracetamol to increase the analgesic efficacy of paracetamol. It causes minimal sedation, nausea, vomiting and constipation. The expert committee on drugs in WHO will be reviewing its comparative efficacy and safety and is considering deleting it in the next meeting. 
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Tramadol is not on the WHO essential drug list. However, it is probably available in many countries of the world as the generic tramadol, which is relatively inexpensive, has been available for many years. It has a dual mechanism of action. 
It has 1) weak opioid binding properties and 2) it inhibits the re-uptake of serotonin and noradrenaline (both are neurotransmitters) at the synaptic end of the descending inhibitory pathways. These inhibitory pathways synapse with the nociceptive neurons in the pain conducting pathway of the dorsal horn of the spinal cord. 
Tramadol is available as an oral capsule (50 mg) and as an injection 50 mg / ml in a 2 ml ampoule. It is not in the same schedule as the strong opioids and as such is more readily available than morphine. 
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Tramadol is well absorbed when given by the oral route. It time to effect is around 30 minutes and the duration of action is around 6 hours. Sedation is minimal with tramadol. It can cause nausea, vomiting and dizziness. The abuse potential with tramadol is minimal. Tramadol is sometimes referred to as an atypical opioid because although it is classified as a weak opioid, its analgesic efficacy is superior to codeine as it has a dual mechanism of action. 
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Tramadol is metabolized in the liver and excreted by the kidneys. It has an active metabolite and the dose of tramadol should be reduced in patients with renal impairment.
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Opioids do not cause any organ toxicity. However, they are associated with side effects. The gastrointestinal side effects are nausea and vomiting. Opioids stimulate the chemo-receptor trigger zone which is close to u receptors and cause the nausea and vomiting. Constipation is seen because of the action on the opioid receptors that are found in the gut. Sedation is possible and it can cause respiratory depression when given in an overdose. Sedation is therefore an early indication of overdose. Sedation may occur initially in patients who have been started on potent opioids for cancer pain. With continued use patients will become tolerant to the sedative actions of the opioid. 
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Tolerance - Patients can develop tolerance when opioids are used for extended periods. The mechanism of development of tolerance is due to changes at the cellular level and is complex.  Tolerance is defined as a reduction of the pharmacological effect of an opioid. When the same dose produces a lesser effect or an increasing dose of the drug is needed to produce the same analgesic effect. However, one of the commonest reasons for a need to increase the dose of an opioid in cancer pain is due to advancing disease and not really tolerance. 
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Dependence and Addiction - One must learn to differentiate physical dependence to an opioid from addiction. When opioids are administered for an extended period, the body’s cells adapt to it. Any abrupt cessation of the opioid can lead to withdrawal symptoms. This is not the same as addiction. Addiction is a psychological craving for a drug, namely an opioid, for its euphoric action rather than for its pain relieving properties. An addict shows drug seeking behavior. Addiction is not a problem with opioids that are used for acute pain management and the management of cancer pain. Concerns about addiction has been one of the reasons for under-treatment of patients with acute and cancer pain. Addiction may occur when patients with non-cancer chronic pain are treated with potent opioids. 
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· Ketamine is on the WHO essential drug list. It is readily available in most countries of the world. It is a phencyclidine derivative

· It has been used to provide anaesthesia for many years

· The side effect of hallucinations has limited its use as an anaesthetic agent

· Ketamine causes an increase in blood pressure and heart rate, hence it is used as an induction agent when a patient is in shock  

· It has multiple mechanisms of action

· The main mechanism of action is that of a non-competitive antagonist at the NMDA receptors
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Ketamine can be administered via several routes. The main route is the intravenous route. A dose of 2 mg/ kg is used for the induction of anaesthesia. 
-A much lower dose is required for analgesia. It reduces the hyperalgesia produced by persistent ‘c’ fibre barrage on the neurons of the dorsal horn of the spinal cord. The analgesic dose is 0.1 – 0.5 mg/ kg/hr. 
- It can be given intramuscularly or subcutaneously. The onset of action is within 10- 15 min. It can be used by the oral route although the oral form is not readily available.  Oral ketamine is useful for chronic neuropathic pain. However oral ketamine is also known as a party drug and is known to be abused by those who seek thrills. It is metabolized by the liver
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· Routes of administration

· Intravenous 

· Intramuscular / Subcutaneous (onset -10-15 min)

· Oral (bioavailability 20%)/ sublingual (30%) / rectal (30%)

·  Metabolized by the liver

· Metabolites are about 1/5th as potent as ketamine

· Low dose ketamine – 0.1 – 0.5 mg / kg / hr can provide excellent analgesia 

· It can reduce opioid requirements in the postoperative period

· It can be used for the management of neuropathic pain such as in patients with complex regional pain syndrome

· As an adjunct for the relief of cancer pain, particularly for the neuropathic component 
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· 5mg/ kg – IM can be used for painful dressing change in children

·  An anti-sialagogue should be added as it cause salivary secretions that can cause coughing / laryngospasm 

Slide 54 & 55
Ketamine can have the following side effects
· Dizziness 

· Hallucinations 

· Emergence delirium when larger doses are used

· Benzodiazepines can reduce these side effects

· Salivary secretions

· Anti-sialagogues should be used with ketamine

· In recent years, ketamine has been known to be abused for its “euphoric” effects

· Long term use can lead to cognitive impairment and memory loss 
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Title slide – Drugs used for neuropathic pain
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Neuropathic pain is defined as pain that arises as a result of injury or disease of the somatosensory system

· Neuropathic pain is not responsive to NSAIDs

· Poorly responsive to Opioids
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Drugs used for the management of neuropathic pain include:
· Amitriptyline

· Carbamazepine

· Sodium valproate

· Gabapentinoids (not on the WHO essential drug list)
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Amitryptyline is a tri-cyclic anti-depressant drug that was used extensively by psychiatrists for many years. It increases the levels of noradrenaline and serotonin (both neurotransmitters) in the brain and spinal cord by inhibiting the reuptake of these neurotransmitters. With better and more specific drugs available for the management of depression, amitriptyline is now mainly used for the management of neuropathic pain and is a first line drug for this indication. An increase of neurotransmitters at the spinal level influences the output of neurons at the dorsal horn of the spinal cord, thus reducing the transmission of noxious impulses at this level. Amitriptyline is usually started at low doses.  
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Amitriptyline is well absorbed when administered by the oral route with a bioavailability of 30-60%. It takes about 2 weeks for it to be effective in controlling neuropathic pain. It is initially metabolized by the liver and excreted by the kidney. 
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Absorption and elimination of amitriptyline.
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Adverse effects of amitriptyline

The more common adverse reactions involve anticholinergic effects such as dry mouth, disturbances of visual accommodation, constipation and urinary retention. Also commonly seen are light headedness, drowsiness, increased perspiration and mild tremors as well as insomnia. 
Adverse reactions of the cardiovascular system may be much more serious; however, these occur less frequently. It may induce cardiac arrhythmias and should be used cautiously in the elderly and those with a history of cardiovascular disease. 
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Carbamazepine

Carbamazepine is in the class of antiepileptic drugs. It is used to control epilepsy, either as monotherapy or along with other antiepileptic drugs.
· In pain management, it is the drug of choice for the management of trigeminal neuralgia. Mechanism of action – it blocks the frequency and use of voltage-dependent (voltage gated) neuronal sodium channels, and therefore limits repetitive firing of action potentials. In patients with nerve injury, there is proliferation of sodium channels at the site of injury which fire spontaneous and cause neuropathic pain. Carbamazepine can reduce firing of these channels and are effective in controlling neuropathic pain. 
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The most common side effects are neurotoxic and are dose-related. They include:

· Drowsiness, diplopia, headache, ataxia, nausea
· Vomiting, dizziness
· These side effects tend to occur within a week of initiation or dosage increase. 

· In chronic therapy, they typically are noticeable 3-4 hours after a dose (associated with peak serum concentrations)

· Systemic effects

· Abdominal pain, diarrhea, hyponatraemia in the elderly

They can be lessened by reducing the total daily dosage or splitting the total daily dosage into more frequent doses, or switching to an extended-release form of carbamazepine, like Tegretol-XR or Carbatrol
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Serious side effects - Idiosyncratic reactions
Idiosyncratic reactions include a morbilliform rash in approximately 5-10% of patients. More serious rashes, such as Stevens-Johnson syndrome, photosensitivity, exfoliative dermatitis, and erythema multiforme, occur rarely. Should signs and symptoms suggest a severe skin reaction such as Stevens-Johnson syndrome, carbamazepine should be withdrawn at once.

Although reported infrequently, serious adverse effects have been observed during the use of carbamazepine. Agranulocytosis and aplastic anemia have occurred in a few instances with a fatal outcome. Leukopenia, thrombocytopenia, hepatocellular and cholestatic jaundice, and hepatitis have also been reported. 
- It is important that carbamazepine should be used carefully and close clinical and frequent laboratory supervision should be maintained throughout treatment in order to detect as early as possible signs and symptoms of a possible blood dyscrasia. Carbamazepine should be discontinued if any evidence of significant bone marrow depression appears 

About 1 in 30,000 people who take carbamazepine will develop serious blood disorders. Baseline blood and platelet counts should be obtained and repeated early in the course of therapy. Generally, discontinuation of carbamazepine is not necessary unless blood counts are significantly reduced or leukopenia persists. (Up to 10% of patients have a leukopenia that reverses within 1-2 weeks.) Patients should be told to report easy bruising, fever, or infections.
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Interaction with other drugs - Carbamazepine is an inducer of CYP450 enzyme in the liver. Hence the efficacy of other drugs that are used concurrently are reduced. These drugs include: .Warfarin, Phenytoin and Valproic acid. More of these drugs are needed to maintain their level of action when Carbamazepine is used along with these drugs.
Some drugs reduce the metabolism of carbamazepine and therefore increase its plasma level, with a potential towards toxicity of the drug. These drugs include: Erythromycin, Cimetidine and Calcium channel blockers
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Local Anaesthetic medications include

1) Lignocaine which is a short acting drug and is available in the following concentrations: - 0.5%, 1.0%, 2.0% solutions

2) Bupivacaine which is a long acting drug and is available as a 0.5% solution. Both of these drugs belong to the amide group of LA drugs

Mechanism of action

·  LA drugs act by producing a reversible block to the transmission of peripheral nerve impulses

· I.e. they block membrane depolarization of all excitable tissue, in particular the nerves

· This action is on the Sodium channels of the peripheral nerves
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LA drugs can provide both surgical anaesthesia and analgesia depending on the site of administration and concentration of the drug. It is administrated as Local infiltration, Individual nerve block, Plexus block or into the epidural space.
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Absorption and elimination - LA drugs are absorbed into the systemic circulation from the site of administration. The Rate of absorption depends on 1) the site of administration, 2) whether adrenaline has been added to the LA – as adrenaline causes vasoconstriction and delays absorption. After absorption, they are distributed rapidly and taken up by organs

They are metabolized in the liver and excreted by the kidney; LA cross the placenta, but their effects are of minimal significance
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Systemic toxicity - If significant amounts of LA drugs are absorbed they can cause toxicity. The main organs affected are the: 

Nervous system: Patient present with numbness and tingling over the circumoral area ; Anxiety, Light-headedness, tinnitus, Loss of consciousness and convulsions

Heart

There is direct myocardial depression and hypotension associated with vasodilation. Cardiovascular collapse may result in cardiac arrest – particularly with bupivacaine. 
Systemic toxicity may occur due to inadvertent intravenous administration of LA drugs during infiltration or plexus block. It may also occur when a large dose, over the dose limit is administered over the following limits: Lignocaine plain – 4 mg/ kg ; Lignocaine with adrenaline – 7 mg/kg ; Bupivacaine – 2 mg / kg
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Miscellaneous drugs: Steroids are strictly classified under analgesic drugs. However, steroids are powerful anti-inflammatory drugs and are used for the management of chronic inflammatory joint disease such as rheumatoid arthritis. t is also an immuno-suppresent drug and can lead to major systemic problems when used over a prolonged period of time.
Dexamethasone is several times more potent than the human cortisol. 
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Non-Pharmacological Pain Management

Pain is both a sensory and emotional experience. Hence the perception of pain (the severity or intensity) will depend not only on the degree of nociception but on multiple physical and psychological factors. There are several non-drug or non-pharmacological techniques which can be used to relieve pain, in addition to drugs. I.e. these treatments are complementary to pharmacological management.
Physical therapy includes 1) providing rest to the injured area, Cold compression and elevation of injuries can reduce oedema and relieve pain. 2) Surgery – incision and drainage of an abscess, fixing fractures to reduce movement of the bony fragments. 3) Acupuncture, massage and physiotherapy, ultrasound therapy may be used. A portable device called the transcutaneous electrical nerve stimulator (a small portable device) if available can be used. These physical methods are complementary and in addition to pharmacotherapy.

