CARDIOVASCULAR AGENTS: Drug class overview
I POSITIVE INOTROPIC DRUGS 
Positive inotropic agents are used to increase the force of contraction in the myocardium to improve symptoms and end organ function in patients with low output syndrome, left ventricular systolic dysfunction and systolic blood pressure below 90 mm Hg despite adequate filling pressure.1 The American and European cardiac guidelines consider inotropic agents to be effective in “the bridging period to a heart transplant, mechanical assist device implantation or palliation for symptoms in end-stage heart failure”.1 These agents are considered to be a reliable way to improve cardiac function in patients with advanced heart failure.1 Inotropic agents effectively enhance cardiac output and peripheral perfusion, and are the only agents that can improve left ventricular systolic function and end organ perfusion. Unfortunately all inotropic agents have adverse effects with a high risk of mortality.1 
Digoxin 

Digoxin, extracted from the leaves of Digitalis lanata, is one of many cardiac glycosides that have positive inotropic effects on the myocardium.2-3 

Digoxin inhibits sodium-potassium ATPase (Na+/K+) transport mechanism in the myocardial conduction tissue.2-4 The Na+/K+ ATPase regulates the quantity of Na+ and K+ ions and inhibition thereof leads to an increase in the intracellular concentration of Na+ and therefore calcium (Ca2+) ions. 2.3 The increase in Ca2+ ions directly affects the myocardium, increasing the force of myocardial contraction. The beneficial effects can also result from indirect actions on the cardiovascular system mediated by effects on the autonomic nervous system.2-4
Digoxin mainly provides symptomatic relief and reduces hospital admissions in patients with heart failure and increase the exercise capacity of patients with atrial fibrillation, improving their quality of life.3 In atrial fibrillation, digoxin controls heart rate by slowing the conduction in the AV node.5 However, some researchers are questioning whether digoxin may not have a detrimental effect on the life expectancy of patients as new data indicate that digoxin may potentiate life threatening arrythmias.3-5
Indications
Digoxin is indicated for the treatment of heart failure, atrial fibrillation or flutter and supra ventricular arrhythmias 6()
. In heart failure, digoxin is should be considered as a second line agent in patients where a beta-blocker (β-blocker) or calcium channel blockers cannot adequately control symptoms 3()
. Digoxin is the drug of choice in elderly patients where tachycardia by atrial fibrillation induces cardiac decompensation.5 
Dose in adults and children over 10 years of age 6()
:

The choice between a rapid or a slow dose increase depends on the patient’s clinical condition

· Rapid oral load: 0.75-1.5 mg in a single dose
· Slow oral load: 0.25-0.5 mg daily for the first week, followed by maintenance dose

· Maintenance dose: 0.125-0.5 mg daily; patients sensitive to digoxin: 0.0625 mg daily
Contra-indications 2(, 6)
: 
· Ventricular fibrillation
· Intermittent complete heart block

· Second degree AV block

· Arrhythmias caused by glycoside intoxication

· Supra ventricular arrhythmia associated with additional AV pathway (WPW)
· Hypertrophy of myocardium
· Obstructive cardiomyopathy

Side-effects 2(, 6)
: 
· Gastrointestinal disturbances
· Gynaecomastia

· Central nervous system effects

· Visual disturbances 

· Intestinal ischaemia and necrosis

· Thrombocytopenia

· Arrhythmic and conductive disturbances

· Tachycardia

· Sino-atrial disorders

· Hypermagnesaemia and hypercalcaemia increases myocardial sensitivity to digoxin

· Vasoconstriction with rapid IV injection

· Increased myocardial sensitivity in patients with severe respiratory disturbances

Special precautions 2(, 6)
: 
· A dose of more than 0.50 mg daily may require serum level monitoring
· Avoid hyperkalaemia in the elderly

· Thyroid disturbances

· All patients receiving digoxin should have the following monitored

· ECG
· Hepatic and renal function
· Serum electrolyte concentrations (K+)
· IM injection not recommended 

Drug interactions

K+ depleting diuretics are a major contributing factor to digoxin toxicity, whereas rapid administration of Ca2+ may cause serious arrhythmias. Calcium channel blockers in combination with digoxin may potentiate AV node conduction with advanced or complete heart block 2()
. Table 1 lists drug interactions with digoxin 2(, 6)

Table 1: Digoxin drug interactions

	Digoxin drug interactions

	Agents that may cause hypokalaemia  sensitivity to digoxin
	Agents that increase digoxin serum levels
	Agents that reduce digoxin serum levels

	· Diuretics (e.g. thiazide like and loop diuretics)
· Lithium

· Corticosteroids

· Carbenoxolone
	· Verapamil

· Amiodarone

· Captopril

· Flecainide

· Prasozin

· Propafenone

· Quinidine / quinine

· Spironolactone

· Tetracycline

· Erythromycin

· Indomethacin

· Propatheline

· Nifedipine

· Diltiazem 
	· Antacids

· Kaolin-pectin

· Laxatives

· Cholestyramine

· Diphenoxylate

· Sulphasalazine

· Neomycin

· Rifampicin

· Phenytoin

· Metoclopramide

· Penicillamine

· St John’s Wort


Dobutamine

Dobutamine, a synthetic catecholamine, is a racemic mixture of two enantiomers 7()
. Dobutamine has high affinity for the β1-receptors, with milder agonistic effects on β2-receptors and a partial agonist at α-receptors 7()
. Binding of dobutamine to the β1-receptors leads to an increase in the cyclic adenosine monophosphate (cAMP) concentration with secondary activation of protein kinases, calcium channel opening and the release of Ca2+ ions and therefore positive inotropic effects 1()
. The dobutamine induced vascular smooth muscle relaxation mediated by β2-receptors is partially counterbalanced by the effects of the α-receptors leading to only mild vasodilatation 1()
.
In heart failure, dobutamine can increase cardiac output and decrease pulmonary wedge pressure, but also increase heart rate and conduction velocity in the AV node, especially in patients with atrial fibrillation 1()
. Dobutamine may offer the have the same beneficial effects as dopamine without the tendency for peripheral vasoconstriction 8()
. 
Indication:
Dobutamine is indicated in the inotropic support in treatment of heart failure due to cardiomyopathy, myocardial infarction or cardiac surgery 6(, 9)
. Dobutamine and dopamine are the drugs of choice in low birth weight neonates with left ventricular dysfunction and systemic hypotension as these drugs enhance myocardial contraction, increase cardiac output and systemic blood pressure 8()
. 
Dose

Dobutamine is only available as IV injection with an infusion rate of 2.5-10 μg/kg bodyweight /min, up to 40 μg/kg body weight /min has occasionally been required 6(, 9)
. The rate of administration and duration of therapy is adjusted according to the patients response determined by heart beat, blood pressure and urine output 6()
. 

Contra-indications 6(, 9)
:

· Marked obstruction to blood being ejected from the heart

· Safety in pregnancy and lactation not established

· Safety in children not established

· Not to be added to 5% sodium bicarbonate injection or any strong alkaline solution

· Not to be used with other agents or diluents containing sodium bisulphite and ethanol
· Uncorrected ventricular tachycardia

Side effects 6(, 9)
:
· Hypokalaemia

· Gastrointestinal disturbances

· Central nervous system effects

· Paraesthesia

· Angina pain

· Palpitations

· Shortness of breath

· Excessive tachycardia

· Hypotension or hypertension

· Ventricular arrhythmia

· Increased systolic blood pressure or heart rate, decreasing dose may reverse effects
· Exaggerated pressor responses in pre-existing hypertension

· Ectopic beats
· If rapid ventricular rate response occurs in the presence of obstructive coronary artery disease, ischemia can be induced and worsened
· Possible increase in ventricular rate with pre-existing atrial fibrillation

· Leg cramps

· Headache 

Special precautions 6(, 9)
:
· Decrease dose gradually

· Temporary discontinue or reduce dose in case of adverse effects

· Firstly correct hypovolaemia

· Patients with atrial fibrillation with rapid ventricular response should receive a cardiac glycoside preparation prior to initiation of  therapy with dobutamine

· Reduce the infusion rate or temporary discontinue dobutamine treatment if any severe ventricular arrhythmia is not controlled by lignocaine

· Myocardial infarction especially with widespread coronary artery disease

· In anaesthesia the dose should be reduced
· Subaortic stenosis 

Drug interactions 6(, 9)
:
Dobutamine has been found to be physically incompatible with the following products:

· Furosemide

· Hydrocortisone sodium succinate

· Cefazolin

· Cefamandole

· Cephalothin

· Penicillin

· Sodium bicarbonate

· Sodium ethacrynate
· Sodium heparin
Halogenated anaesthetics sensitize the myocardium, potentiating the risk of severe arrhythmias. In co-administration  of β1-receptor blockers or in patients who recently received β1-receptor blockers it may antagonise the effects of dobutamine. Cardiovascular pressor effects may be potentiated with the use of tricyclic antidepressant or maprotiline. Cardiac stimulation and vasopressor effects may be intensified with the use of monoamine oxidase (MAO) inhibitors.
Dopamine

Dopamine is a naturally occurring precursor of noradrenaline with specific dopaminergic effects in low doses and adrenergic effects in higher doses as it also binds to α- and β-receptors 
 ADDIN EN.CITE 
(1, 8)
. High doses of dopamine lead to the increased release of noradrenaline with an increase in cardiac contractility and heart rate 1()
.
Indication:

Dopamine is indicated in the treatment of shock unresponsive to fluid loss replacement especially in impaired renal function, correction of haemodynamic imbalance associated with myocardial infarction, trauma, septic shock and cardiac surgery as well as chronic refractory congestive heart failure with the ability to improve diuresis and renal blood flow 1(, 6)
. Although both dobutamine and dopamine are the drugs of choice in low birth weight neonates with left ventricular dysfunction and systemic hypotension, dopamine is more effective in the short term treatment of systemic hypotension in preterm infants 8()
. 
Dose 6()
:

· Dopamine is only available as an IV infusion

· Initial infusion rate: 2-5 μg/kg body weight/min

· Gradually increase by 5-10 μg/kg body weight/min according to patient’s blood pressure and cardiac and urine output

· Maximum dose in serious cases: 20-50 μg/kg body weight/min

Contra-indications 6()
:

· Pheochromocytoma 

· MAOIs

· Uncorrected tachyarrhythmia or ventricular fibrillation

· Safety in pregnancy and lactation not established

· Do not add sodium bicarbonate or any alkaline IV solution to the dopamine solution

Side effects 6()
:

· CNS effects
· Gastrointestinal disturbances

· Complex cardiovascular effect

· Micturition

· Urinary retention

· Dyspnoea 

· Altered metabolism

· Sweating

· Hyper salivation

Special precautions 6()

· Concomitant use of halogenated anaesthetics is not recommended

· To avoid tissue necrosis, dopamine should be infused into the lumen of large veins

· Reduction in urine flow 

· Diabetes mellitus 

· Closed angle glaucoma

· Gradually discontinue dopamine infusion to avoid excessive hypotension associated with very low dose where vasodilatation predominates as abrupt discontinuation could lead to vascular collapse 
Drug interactions 6()
:

· MOAIs may potentiate and aggravate the effect of dopamine

· Tricyclic antidepressants

· Β-blockers

· Ergot derivatives

· IV phenytoin 
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II ANTI-ARRHYTHMIC DRUGS 
Development of anti-arrhythmic drugs started out on a chance clinical observation 1()
. The first anti-arrhythmic drug discovered in this manner was quinidine, as a patient noticed that his artial fibrillation was terminated for as long as he was taking his anti-malaria medication 1()
. Quinidine quickly became the first line therapy for cardiac arrhythmias in the 1950’s but faded at the end of the 20th century when large clinical trials drew attention to the fact that quinidine therapy may lead to sudden death when used in atrial fibrillation 1()
. The use of quinidine as anti-arrhythmic was followed by the discovery that the procaine local anaesthetics had anti-arrhythmic potential and their mechanism of action was highly explored, giving rise to the current pharmacotherapy 1()
. 

Anti-arrhythmic drugs are classified according to their mechanism of action as either class I, II, III, IV or miscellaneous agents 2()
. 

Class I: membrane stabilizing agents

Class I agents slow conduction velocity by altering the fast sodium ion (Na+) influx 2(, 3)
. This group is further subdivided into class IA (quinidine and disopyramide), IB (lignocaine) or IC (flecainide acetate) ant-arrhythmic agents 4()
. Class I drugs are associated with very common and often life-threatening side effects 3()
.
Quinidine 

Quinidine, a stereo-isomer of quinine, can be derived from cinchone tree bark or quinine 2(, 5)
. Quinidine decreases the rate of diastolic depolarization, automaticity, slope and conduction and prolongs the action potential duration (APD) and QT interval with added alpha (α) 1 antagonist action 2(, 5)
. 

Indication 
 ADDIN EN.CITE 
(2, 5, 6)
:

Quinidine is indicated for the treatment of cardiac arrhythmias although its use in atrial fibrillation in the last 20 years has been declining. Recent research has shown that quinidine may prevent tachyarrhythmias and sudden death in patients with idiopathic ventricular fibrillation, Brugada syndrome and short QT syndrome. 
Dose 6()
:

· Prophylaxis of cardiac arrhythmias

· 200 mg three times a day

· Atrial fibrillation

· 200-400 mg 2-4 hourly with a total daily dose of 2000 mg

Contra-indications 6()
:

· Thrombocytopenic purpura associated with acute infection history 

· Complete heart block

· Extensive myocardial disorder

· Long standing auricular fibrillation

· Congestive heart failure

· Cardiac enlargement

· Mitral stenosis

· Coronary occlusion

· Embolism history 

Side effects 2(, 6)
:

· Tinnits

· Vertigo

· Visual disturbances

· Headache 

· Skin eruptions

· GI disturbances

· Severe hypersensitivity reactions

· Fall in blood pressure 

· Vascular collapse

· Thrombocytopenic purpura

Special precautions 6()
:

· Digitalis intoxication

Drug interactions 6()
:

Quinidine may enhance the effects of coumarin anti-coagulants and some skeletal muscle relaxants. 

Disopyramide 

Disopyramide has quinine like action as it decreases conduction and automaticity whilst increasing the APD and effective refractory period (ERP) 2()
. The effects of disopyramide is manifested as a prolonged QT interval on the ECG 2()
.

Indication 2(, 6)
:

Disopyramide is indicated for premature ventricular and atrial contraction, paroxysmal atrial tachycardia, during or after surgical procedures or following digitalis or similar glycoside use when complicated by paroxysmal atrial tachycardia.

Dose 6()
:

· 300-800 mg daily given as a 100 mg dose every 6 hours

· Adjust dose according to response

Contra-indications 6()
:

· Diuretic treatment 

· Congestive cardiac failure

· Pregnancy and lactation

· Paediatrics 

· Second or third degree atrioventricular (AV) block except in patients with a functional artificial pacemaker 

· Bundle branch block associated with first degree AV block

· Double block

· Pre-existing long QT interval

· Severe sinoatrial (SA) node dysfunction 

· Severe heart failure unless second to cardiac arrhythmia 

· Concomitant anti-arrhythmic drugs or drugs that provoke ventricular arrhythmia and torsades de pointes 

· Asymptomatic ventricular premature contraction 

Side effects 2(, 6)
:

· Arrhythmias 

· Conduction abnormalities  

· Cardiovascular effects 

· Renal insufficiency 

· Hepatic ischaemia

· Cholestatic jaundice 

· Dysuria

· Retention of acidic urine

· Visual disturbances

· GI disturbances

· Hypoglycaemia 

· Impotence 

· Psychiatric disorders

· Skin reaction

· Anaphylactic reactions 

· Inhibition of CYP3A enzyme not recommended 

· Neutropenia 

Special precautions 6()
:

· Digitalis patients with any degree of heart failure before treatment 

· Structural heart disorders 

· Cardiac decompensation 

· Always initiate treatment under strict clinical and ECG surveillance 

· Hypokalaemia

· Renal or hepatic insufficiency 

· Narrow angle glaucoma

· Monitor possible hypoglycaemic patients

· Hypokalaemic inducing drugs 

Drug interactions 6()
:

· Significant inhibition of CYP3A enzyme increases disopyramide serum level

· Anti-cholinergics may potentiate the atropine-like effects 

Lignocaine

Lignocaine’s effect on conduction velocity is selective for ischemic tissue of the bundles of His and Purkinje fibers with active fast Na+ channels and therefore has selective efficacy in a variety of ventricular arrhythmias 2()
. Class IB agents decrease automaticity, conduction and APD but increases repolarization and ERP 2()

Indication 6()
:

Ventricular arrhythmia following:

· Open heart surgery

· Acute myocardial infarction 

· Digoxin overdose

· General anaesthesia

· Cardiac catheterisation 
Dose 6()
:

· In an emergency following acute myocardial infarction

· 300 mg intra-muscular injection followed by 0.1-0.2% IV infusion at a rate of 1-4 mg/min, adjusted according to the patient’s need

· Arrhythmias

· Slow IV injection of 50-100 mg over 2 min

· In ventricular arrhythmias, it may be necessary to repeat the dose after 20-30 min or 
· a loading dose may be administered under ECG supervision followed by an infusion of  0.1-0.2%  at  1-4 mg/min for 12-24 hours

Contra-indications 6()
:

· Hypovolaemia

· Conduction disturbances 

· Bradycardia

· Cardiac decompensation 

· Hypotension 

· Acute heart failure

· Myasthenia gravis 

· Pregnancy and lactation

· Amide type local anaesthesia hypersensitivity

Side effects 6()
:

· Central nervous system excitation, followed by depression and simultaneous cardiovascular system depression

· Anaphylaxis 

· Allergic reactions

· Contact dermatitis

· Burning or stinging sensation 

· Urethritis 

· Drowsiness 

· Lassitude 

· Amnesia

· Tongue and peri-oral numbness

· If used during labour will lead to foetal intoxication 

· Methaemoglobinaemia 

· Arrhythmia

· Bradycardia

· Cardiac arrest

Special precautions 6()
:

· Hepatic insufficiency 

· Cardiac conditions

· Epilepsy

· Impaired respiratory function 

· Concomitant propranalol, diltiazem, verapamil and cimetidine 

· Children, elderly, debilitated

Drug interactions 6()
:

· Cardiac toxicity is increased if lignocaine is co-administered with other anti-arrhythmic drugs

· Propanalol, diltiazem and verapamil reduce the plasma clearance of lignocaine 

· Co-administration with cimetidine may lead to toxic plasma levels

· Additional cardiovascular depression effects may be experienced if lignocaine is co-administered with

· Beta blockers

· Anti-arrhythmic drugs

· IV phenytoin

· Hypokalaemia produced by diuretics will antagonise the effects of lignocaine 

Flecainide acetate

Class IC agents slows automaticity and conduction in both ischemic and normal heart tissue without affecting the APD and ERP 2()
. Flecainide acetate irreversibly inactivates the Na+ channels which leads to  an increase in the PR, QRS and QT intervals 2()
. Flecainide acetate is associated with a negative inotropic and chronotropic effect which in turn is associated with chronic heart failure and SA node arrest 2()
. 

Indication 
 ADDIN EN.CITE 
(4, 6)
:

Flecainide acetate is indicated for sustained ventricular arrhythmias, AV nodal reciprocating tachycardia, Wolff-Parkinson-White (WPW) syndrome, and similar conditions with access pathway and antero or retrograde conduction, paroxysmal atrial fibrillation in patients with disabling symptoms, premature ventricular contractions or non-sustained ventricular tachycardia causing disabling symptoms, maintenance of normal rhythm following conversions. 

Dose 6()
:

· Supra-ventricular arrhythmia

· An initial dose of 50 mg twice daily will control the arrhythmia in most patients

· The dose may be increased to a maximum of 300 mg per day

· Ventricular arrhythmia 

· An initial dose of 100 mg twice with a maximum dose of 400 mg daily. The dose should progressively be reduced to a dose as low as possible still controlling the arrhythmia

· Treatment should be initialised in hospital

· Bolus IV injections are used in emergency situations or when a rapid effect is required

· Slow IV infusion of 2 mg/kg in no less than 10 min or divided doses

· When prolonged parenteral infusion is required 

· Initiate therapy by slowly injecting 2 mg/kg over 30 min

· Continue therapy with IV infusion of 1.5 mg/kg for the first hour and an IV infusion of 0.1-0.25 mg/kg/hour for the following hours 

· The infusion should not exceed 24 hours 

· The maximum accumulated dose in the first 24 hours should not exceed 600 mg

Contra-indications 6()
:

· Cystic fibrosis

· Myocardial infarction with asymptomatic ventricular ectopics or asymptomatic non-sustained ventricular tachycardia 

· Pregnancy and lactation

· Long standing atrial fibrillation 

· Haemodynamic significant valvular heart disorder

· Cardiogenic shock and unless pacing rescue is available in sinus node dysfunction

· Atrial conduction defects 

· Second degree or greater AV block

· Bundle branch or distance block

· Children under the age of 18

· Concomitant class I anti-arrhythmic drugs

· Co administration with calcium channel blockers with anti-arrhythmic activity is not recommended

Side effects 6()
:

· Pro-arrhythmic effects 

· 1:1 AV conduction following initial atrial slowing 

· Photosensitivity

· Nausea and vomiting

· Light headedness

· Peripheral neuropathy 

· Visual disturbances

· Paraesthesia and ataxia during long term therapy

· Corneal deposits

· Pneumonitis 

Special precautions 6()
:

· Elderly

· Correct pre-existing hypo- or hyperkalaemia 

· Use only in hepatic impairment if potential benefit outweighs the risk

· Pacemakers or pacing electrodes

· Difficulty in obtaining ventricular thresholds of less than 1 volt at initial implantation 

· Predisposition to cardiac failure 

· Acute onset of atrial fibrillation following cardiac surgery

·  Post myocardial infarction patients with asymptomatic ventricular arrhythmia 

· Administer dose slowly in patients with sustained ventricular tachycardia

· Give initial dose over 30 min in patients with a history of cardiac failure when decompensated

· Continue ECG monitoring while administering bolus dose

· Monitor the plasma concentration in patients receiving an IV infusion as well as a high dose

Drug interactions 6()
:

· Co-administration of flecainide with digoxin will lead to an increase in digoxin concentration

· Co-administration of flecainide with beta-blockers and other cardiac depressants may possibly potentiate their negative effects
· The elimination rate of flecainide is increased with known hepatic enzyme inducers 

· Cimetidine and amiodarone increase the half life and plasma concentration of flecainide

Propafenone 

Propafenone is considered a partial class IC and III agent with slight class II and IV activity as it blocks fast Na+ channel activation, decreases the action potential slope while prolonging repolarization 2()
.

Indication 2(, 6)
:

Propafenone is indicated in numerous atrial and tachycardia syndromes. It is used in the prophylaxis and treatment of paroxysmal supraventricular tachycardia involving the AV node or accessory bypass tracts when standard therapy has failed or is contra-indicated as well as refractory ventricular tachyarrhythmia where alternative therapy has failed.

Dose 6()
:

· 150 mg three times a day or 300 mg twice daily for a body mass of approximately 70 kg

· The daily dose may be increased up to 900 mg if necessary

Contra-indications 6()
:

· Heart failure

· Bradycardia

· Cardiogenic shock not induced by arrhythmia

· Pre-existing high degree of SA, AV and intraventricular disorders of impulse conduction

· Sick sinus syndrome

· AV block

· Severely obstructive pulmonary disease

· Electrolyte imbalance disorders

· Marked hypotension

· Myasthenia gravis 

· Pregnancy and lactation

· Children 

Side effects 2(, 6)
:

· GI disturbances

· Dry mouth 

· Skin rash

· Blurred vision

· Vertigo

· Fatigue 

· Headache

· Orthostatic hypotension

· May alter endocardial pacing threshold

· Requires possible dosage adjustment in patients with cardiac pacemakers

· Bronchospasm 

· Congestive heart failure

· Bradycardia

· Ventricular tachycardial fibrillation and extrasystoles
· SA / AV block

· Lupus erythematosus 
· Neuropsychiatric disorders
· Convulsions 
· Impotence 
· Cholestasis
· Blood dyscrasia 

Special precautions 6()
:

· Asthma 

· Chronic obstructive pulmonary bronchitis

· Emphysema 

· Monitor blood pressure and ECG, discontinue if QRS-interval is prolonged by more than 20% or the QTc interval is lengthened  

· Correct the electrolyte disturbances before the initiation of treatment

· Hepatic or renal impairment

Drug interactions 6()
:

· Co-administration of propafenone with local anaesthesia and anti-arrhythmic drugs with negative inotropic and chronotropic effects may potentiate the effects of propafenone

· Co-administration of propafenone with digoxin may increase the plasma concentration of digoxin 

· Cimetidine and quinidine may increase the plasma concentration of propafenone

· Warfarin’s effects may be enhanced by propafenone

· Rifampicin may diminish propafenone’s activity 

Class II: sympathetic antagonists 

Class II anti-arrhythmic agents are a group of beta (β)-receptor blockers that decreases the SA node discharge, AV conduction and inotropic state which in turn decreases the oxygen consumption of the heart 2()
. β-receptor blockers are mainly recommended for rate control and preventing post cardiac surgery atrial fibrillation 4()
 (See β-receptor blockers)

Class III: anti-fibrillatory agents 

These agents act to “restore automaticity, convert multiple heterogenous action potentials to a uniform morphology and slow re-entry recovery by prolonging APD and ERP” 
 ADDIN EN.CITE 
(2, 4)
. 

Amiodarone 

The amiodarone molecule has three distinct groups with specific actions, these include a procainamide-lidocaine group, a diethylamine group with effects on the electrophysiology of the heart and an iodine group with thyroid function 2()
. Amiodarone inhibits the calcium (Ca2+) channels of the SA and AV nodes as well as the Na+ channels in the Purkinje fibers, decreasing conduction which leads to prolonging of the APD and ERP 2()
. In addition, amiodarone has multiple actions, including non-competitive β-receptor antagonism, α-receptor antagonism and cholinergic effects 
 ADDIN EN.CITE 
(2, 4)
. 

Indication 2(, 6)
:

Amiodarone is indicated where rapid response required to control tachyarrhythmia associated with WPW-syndrome and other types of tachyarrhythmia of paroxysmal nature including supraventricular, nodal and ventricular tachycardia, artial flutter and fibrillation and ventricular fibrillation resistant to other anti-arrhythmic therapy or if other anti-arrhythmic therapy is not suited.

Amiodarone should only be used in life-threatening arrhythmias as a “last resort” option as its use is accompanied by substantial toxicity. 

Dose 6()
:

Amiodarone’s absorption and elimination rates are variable and therefore it is difficult to select the maintenance dose and therefore the patient’s response and well being should determine further management. Amiodarone is incompatible with saline and should be administered solely as a 5% dextrose IV solution.

IV amiodarone should only be administered where cardio monitoring and resuscitation facilities exist. Initial dose: 5 mg/kg body weight in 250 ml 5% dextrose by IV infusion over a period of 20 min to 2 hours

· A maximum dose of up to 1200 mg in 500 ml 5% dextrose in 24 hours may be infused

· Rapid infusion should be made through a central venous catheter

· In emergencies a dose of up to 150-300 mg in 10-20 ml dextrose may be infused over a period of 3 min; the second injection should not be given at least 15 min after the first IV infusion

· IV therapy should not be used for longer than 3 weeks. Transfer the patient to oral therapy once adequate response is established

Oral therapy should be initiated once adequate response has been obtained from IV therapy which should then be gradually phased out.

· Initial dose: 200 mg three times a day for the first week followed by 200 mg twice daily for the second week

Contra-indications 6()
:

· Pre-existing second and third degree AV block without pacemaker

· Episodes of bradycardia that results in syncope unless it is controlled by a pacemaker

· Severe sinus node impairment caused by marked sinus bradycardia unless controlled by a pacemaker

· Sinus bradycardia

· Sinoatrial heart block

· Acute hepatitis

· Thyroid dysfunction 

· Severe respiratory failure

· Circular collapse

· Chronic heart failure

· Severe arterial hypotension

· Pregnancy

· Lactation 

· Paediatrics

· Exposure to sunlight

· Porphyria

· Concomitant class IA anti-arrhythmogenic medication

· Iodine sensitive patients

Side effects 6()
:

· Hypotension 

· Thrombophlebitis

· Haemolytic anaemia

· Thrombocytopenia 

· Anaphylactic shock and hypersensitivity reactions

· Arrhythmias 

· Heart failure

· Bradycardia

· Conduction disturbances

· Hyper- or hypothyroidism

· Severe pulmonary and bronchial effects, some of which may be fatal 

· Cirrhosis 

· Hepatitis

· Abnormal liver function tests 

· Ophthalmic abnormalities

· Corneal microdeposits in continued therapy

· Photosensitivity

· Blue-grey skin discolouration 

· Non-infectious epididymitis 

· Central nervous system disturbances

· Psychiatric disorders

· Neurological conditions 

· Paraesthesia 

· Nausea and vomiting 

Special precautions 

· Possible interaction with concomitant medication even months after treatment has been discontinued

· Long elimination half life, may potentiate pro-arrhythmic effects

· Monitor serum concentration

· Monitor prothrombin time and reduce anticoagulant dose

· Monitor thyroid function, continue monitoring for a few months after treatment

· Withdraw amiodarone if hyperthyroidism develops

· Treat thyroid hyperactivity or hypothyroidism with suitable therapy

· Correct electrolyte disorders 

· Monitor liver and pulmonary function in long term therapy 

· Monitor combination therapy of beta blockers and calcium channel blockers 

· Increased risk of lethal torsade de pointes with concomitant non-arrhythmic agents 

· Potentially severe complications in patients undergoing generalised anaesthesia  

· Regular ophthalmic examinations are advised during long term therapy 

Drug interaction

Additional cardiac effects and increased tachyarrhythmia may develop with concomitant therapy of other anti-arrhythmic medications. The effects of concomitant anti-coagulation therapy may be potentiated. The plasma concentration of the following medication may be increased:

· Quinidine

· Procainamide

· Flecainide

· Phenytoin

· Cyclosporine

· Digoxin

Metabolic enzyme inhibitors may increase amiodarone concentration, possible inhibitors include:

· Cimetidine

· HIV protease inhibitors 

The risk of torsade de pointes is increased with drugs that prolong the QT interval either directly or indirectly as well as hypokalaemic agents, examples include:

· Quinidine

· Disopyramide

· Procainamide

· Mexiletine 

Class IV: Ca2+ channel blockers 

Class IV anti-arrhythmic agents block the entry of Ca2+ in a use-dependent manner and is used for the treatment of paroxysmal supraventricular tachycardia of the re-entry type 
 ADDIN EN.CITE 
(2, 4)
. (See Ca2+ channel blockers)

Miscellaneous agents

Adenosine

Adenosine is similar in structure to adenosine 5’-triphosphate (ATP), an adrenergic agonist 7()
 ATP is rapidly degraded to adenosine which accounts for both compound’s dose-dependent negative chronotropic and dromotropic effects 2(, 7)
. Adenosine inhibits Ca2+ influx and Na+ efflux and thereby decrease automaticity and conduction in both the SA and AV nodes as well as the bundle of His 2()
. 
Indication:

Conversion to sinus rhythm of paroxysmal supraventricular tachydardia including those associated with accessory by-pass tracts (WPW) 6()
.

Dose 

Adenosine should only be used in a facility for cardiac monitoring and resuscitation 6()
.

Adults 6()
:

1. 3 mg as rapid IV bolus injection for over 2 sec

2. Follow with 6 mg as rapid IV bolus if supraventricular tachycardia is not eliminated within the first 1-2 min after the initial dose

3. 12 mg as rapid IV bolus if supraventricular tachycardia is not eliminated within the first 1-2 min of the second dose

4. An additional or higher dose is not recommended

Contra-indications 6()
:

· Second or third degree AV block and sick sinus syndrome except in patients with a functional artificial pacemaker 

Side-effects 6()
:
· Headache

· Dizziness

· Light-headedness

· Transient or rapid and spontaneous reversal worsening of intracranial hypertension

· Apprehensiveness

· Blurred vision 

· Metallic taste

· Nausea

· Facial flushing

· Bradycardia and severe bradycardia requiring temporary pacing

· Asystole

· Sinus pause

· AV block

· Cardiovascular disorders

· Atrial or ventricular fibrillation

· Torsade de pointes

· Dyspnoea

· Bronchospasm

· Hyperventilation

· Thoracic constricting feeling 

· Chest pains or pressure

· Burning sensation

· Head pressure

· Arm heaviness

· Back neck and arm pain 

· Sweating

· Discomfort feeling

· Injection site injections 

Special precautions 6()

· The possibility of increased conduction down abnormal pathways in patients with atrial fibrillation or flutter and an accessory pathway 

· ECG abnormal at time of at time of conversion

· Do not administer concomitant with dipyridamole 

· Use in pregnancy and lactation only where absolutely necessary 

· Compatibility with other medications unknown

· QT interval prolongation

· Bronchospasm with possible precipitation or aggravation in patients with severe chronic obstructive pulmonary lung disease 

Drug interactions 6()

Dipyridamole may potentiate the action of adenosine. Methyalxanthines are strong adenosine inhibitors. Interacts with drugs intended to improve cardiac conduction. High degree of heart block possible in the presence of carbamazepine. Possible torsade de pointes risk in patients with prolonged QT interval whether congenital or acquired as a consequence of drug induced or metabolic sequelae
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III ANTI-HYPERTENSIVES
The anti-hypertensive agents are comprised of a group of agents with a vast array of differing mechanism of action with the intention to decrease blood pressure. According to the WHO/ISH guidelines on hypertension, the hypertension remains inadequately managed worldwide. Treating hypertension can lead to a 40% reduction in the risk of stroke and around 15% in the risk of a myocardial infarction 1()
. The WHO/ISH guidelines further states that the majority of cerebral vascular events and half of ischaemic heart disease are attributable to a systolic blood pressure of more than 155 mmHg, making isolated systolic hypertension a prominent goal for therapeutic intervention.

The importance of treating high blood pressure to goal cannot be over emphasised, the problem however often is the choice of product. The burden of evidence at present resides with combinations of inhibitors of rennin-angiotensin-aldosterone-system and/or diuretics and/or long acting calcium channel blockerswith beta receptor blockers, alpha receptor blockers and central sympatholytics almost reserved for specific patient type e.g. post MI, benign prostatic hypertrophy, pregnancy etc. It should also be noted that all products within a class are not necessarily the same and the reader is referred to specific research per product to asses appropriateness for treatment and possible outcomes per patient group.
Centrally acting sympathetic nervous system inhibitors 
The centrally acting sympathetic nervous system inhibitors can be divided into first generation (methyldopa) or second generation (moxonidine) 2()
. Methyldopa’s anti-hypertensive effect is attributed to its action on the α2-receptors (blocker) in the central nervous system. Here it is converted into its active metabolites, which are able to bind to the α2-receptors, preventing noradrenalin from binding 
 ADDIN EN.CITE 
(3, 4)
. In contrast, moxonidine’s anti-hypertensive action is due the sympatho-inhibitory action of binding to the imidazoline receptors subtype 1 2()

Methyldopa 

Indication 5()
:

· Essential hypertension

Dose 5()
:

· Adults: Initial: 0.25 g 2-3 times daily 

· 1st 48 hrs, increase at no less than 48 hr interval until adequate response 

· Usually 0.5 g-2 g daily 

· Children: Initial 10 mg/kg bm daily in divided doses

Contra-indications 5()
:

· Acute hepatic disorder 

· Pregnancy

· Pheochromocytoma

Side effects 5()
:

· Drowsiness

· CNS depression especially in the presence of renal failure

· Changes in mental acuity with decreases concentration

· Existing depressive aggravation

· Hypotension 

· Hepatotoxicity 

· Drug fever

· Immunological abnormalities

· Haemolytic anaemia 

· Skin disorders

· Sexual functional impairment in men 

· Paradoxical hypertensive reactions: to IV admin blood dyscrasia

· Parkinsonism

· Lactation changes 
· Increased serum prolactin levels 

· Malabsorption with Crohn's type granuloma

· Deaths due to hypersensitive myocarditis
Special precautions 5()
:

· Impaired renal function

· Impaired hepatic function or history of hepatic disease

· Depression

· Severe hypotension during anaesthesia

Drug interactions 5()
:

· Potent hepatotoxic agents especially halothane

Moxonidine 

Indication 5()
:

· Mild to moderate essential hypertension

Dose 5()
:

· Initial: 0.2 mg in the morning

· Dosage may be titrated after 3 weeks to 0.4 mg as a single dose or divided morning and evening till satisfactory response achieved

· A single dose of 0.4 or 0.2 mg twice daily morning and evening not to be exceed

Contra-indications 5()
:

· Angioneurotic oedema history

· Sick sinus syndrome

· SA block

· 2nd or 3rd degree AV block

· Bradycardia

· Less than 50 beats/ min at rest

· Malignant arrhythmia

· Severe heart failure or coronary artery disease or unstable angina

· Severe hepatic dysfunction

· Renal dysfunction

· Intermitted claudication 

· Reynaud’s or Parkinson's disease

· Epileptic disorders

· Glaucoma

· Depression

· Pregnancy 

· Lactation

· Children under the age of 16 yrs

· Concomitant alcohol or TCA's 

Side effects 5()
:

· CNS effects

· Hypotension

· Postural hypotension

· Dry mouth

· Nausea

· Skin rash

· Itching

· Angioedema

· Asthenia

Special precautions 5()
:

· If used in combination with β-blockers then treatment has to be stopped first then withdrawn
· Monitor effects in moderate renal dysfunction

· Gradual withdrawal over 2 weeks

· Not for administration in rare hereditary galactose intolerance or Lapp lactase deficiency 

· Glucose-galactose malabsorption 

· Excreted in breast milk

Drug interactions 5()
:

· Hypotension effects enhanced by hydrochlorothiazide

· Sedative and hypnotic effects possibly intensified 

· TCA's possibly reduces effectiveness 

Alpha receptor blockers
Alpha receptor blockers (α-receptor blockers) are quinazoline-derivatives that decrease total peripheral resistance by specifically binding to the α1-receptors on arterial vascular smooth muscle, antagonising the effects of noradrenalin 6-8()

Doxazosin

Indication 5()
:

· Mild to moderate hypertension

· BPH to relieve urinary obstruction

Dose 5()
:

· Hypertension: Initial: 1 mg once daily at bedtime. Depending on response increase after 1-2 weeks to 2 mg and then at similar intervention 4 mg, 8 mg and to maximal dose of 16 mg to achieve desired response. If adequately control is not achieved with a single agent it may be combined with a thiazide diuretic or β-blocker 

· BPH:  Initial: 1 mg once daily at bedtime. Depending on urodynamic and BHP symptomatology dose may be increased at intervals of 1-2 weeks to 2 mg and then to 4 mg, with a maximal dose of 8 mg. Usual recommended dose is 2·4 mg daily

Contra-indications 5()
:

· Quinazoline hypersensitivity

· GI or oesophageal obstruction history or any decrease in GIT lumen diameter

· Pregnancy

· Lactation

· Children 

Side effects 5()
:

· Postural hypotension

· CNS effects

· Oedema 

· GI disturbances

· Palpitations

· Rash

· Rhinitis 

· Asthenia

· Abnormal vision

· Chest pain

· Dry mouth

· Dyspnoea 

· Sexual dysfunction

· Tachycardia

· Malaise

· Urinary incontinence 

· Angina pectoris

· MI 

· CVA

· Cardiac arrhythmia

· Epistaxis

· Tinnitis

· Pancreatitis 

· Diaphoresis 

· Vertigo

· Peripheral oedema

· Myalgia

· Cough 

· Leucopenia 

· Thrombocytopenia 

· Cholestasis 

· Hepatitis

· Allergic reactions 

· Abnormal LFT

· Weight increase 

· Muscle cramps

· Insomnia 

· Agitation and nervousness

· Impotence 

· Gynaecomastia 

· Alopecia 

· Purpura

· Urticaria 

· Plasma concentration of triglycerides or total LDL cholesterol and reduced HDL cholesterol increase

· Bradycardia 

· Hypo-aesthesia 

· Bronchospasm aggravation 

Special precautions 5()
:

· Monitor BP of BPH patients

· Impaired hepatic or renal function

· Coronary insufficiency 

· Discontinue if symptoms of angina pectoris develops 

· Possible syncope after initial dose or increased dose in symptomatic hypotension

· Exclude prostate Ca before initial therapy 

Drug interactions 5()
:

· Diuretic or other  anti-hypertensive

· Alcohol 

· Sympathomimetics 

· Hypotensive medication

· NSAIDs 

Prazosin

Indication 5()
:

· Mild to moderate hypertension 

Dose 5()
:

· First dose at bedtime. Initial. 0.5 mg 2-3 daily

· Maintenance: Slowly increase as required up to 20 mg a day

Side-effects 5()
: 

· Nasal congestion

· Depression

· GI disturbances

· Drowsiness

· Headache

· Postural hypotension

· Palpitations

· Dyspnoea

· Urinary incontinence 

· Blurred vision

· Tinnitis

· Dry mouth

· Lethargy

· Nervousness

· Oedema

· Chest pains

· Paraesthesia

· Reddened sclera

· Diaphoresis

· Syncope

· Skin rash

· Impotence 

· Tachycardia 

· Vivid dreams

Contra-indications 5()
:

· CCF

· Adrenalin not to be given to antagonise hypotensive effects

· Possible enhanced cardiac accelerated effects

Warnings 5()
:

· Sudden collapse following initial dose  

Beta receptor blockers
Beta receptor blockers (β-receptor blockers) are still considered by some as a first-line option in the treatment of hypertension 9()
. As a class, the β-receptor blockers have diverse mechanism of actions as agents such as bisoprolol and metoprolol are only able to inhibit β1-receptors, sotalol is non-selective for β1- and β2-receptors, acebutolol is a selective inhibitor of β1-receptors with intrinsic symphathomimetic activity and nebivolol inhibits β1-receptors but further increases vasodilatation through the nitric oxide pathway 9()
. 

β-receptor blockers are found on the heart muscle cells and conductive tissue as well as the juxtaglomelular cells of the kidney. Blockage of the β1-receptors at these sites decreases heart rate, heart contractility and prevents the activation of the RAAS system 9()
. 
Acebutolol

Indication 5()
:

· Angina pectoris

· Cardiac dysrhythmia (exclude due to conduction defects)

· Mild  to moderate hypertension 

Dose 5()
:

· Angina pectoris: Initial. 400 mg daily at breakfast or 200 mg twice daily. Severe forms: 300 mg three times daily. Up to 1.2 g daily has been used. 

· Cardiac dysrhythmia: 200 mg twice daily possibly 1.2 g daily in divided doses required

· Mild to moderate hypertension: Initial. 400 mg daily at breakfast, or 200 mg twice daily, increase after 2 weeks according to response to 800 mg daily at breakfast or 400 mg twice daily. Maximal 1.2 g daily in divided doses has been used.

Contra-indications 5()
:

· Hypersensitivity

· Cardiogenic shock

· Bronchospasm

· Asthma

· Obstructive airway disease

· History of 2nd or 3rd degree heart block

· Prolonged fasting

· Sinus bradycardia

· Metabolic acidosis

· Cardiac failure unless controlled

· Pheochromocytoma without concomitant α-receptor blockers

· Pregnancy

· Lactation

· Concomitant cardio-depressants

· Ca2+ channel blockers

· Heart failure 

Side effects 5()
:

· associated with intra-uterine growth retardation

· Hypotension or collapse or hypoglycaemia if administered shortly before or during labour 

· Bronchospasm

· Fatigue

· Cold extremities 

· CV effects,

· CHF or heart block may be precipitated in patients with underlying cardiac disorders

· Pneumonitis

· Pulmonary fibrosis

· Pleurisy

· CNS effects

· Paraesthesia 

· Peripheral neuropathy

· Myopathy

· GI disturbances

· Skin rash

· Pruritus

· Reversible alopecia

· Blood dyscrasia

· Metabolic changes

· Occlusive effects

· Lupus-like syndrome

· Male impotence

· Sclerosis peritonitis

· Retroperitonal fibrosis

· May mask symptoms of hyperthyroidism and hypoglycaemia

· Unmask myastheniagravis

· Aggravate psoriasis or angina pectoris 

Special precautions 5()
:

· Airway obstruction, asthma or chronic bronchitis and other chronic pulmonary disorders

· Accumulation in breast milk

· Elderly

· BP 100/50  mm Hg or below

· Poor cardiac .reserve

· Gradual withdrawal over 1-2 weeks

· Perioperative period

· Patients with anaphylaxis history may be more reactive to repeat challenge with the antigen

· Bradycardia of <50-55beats/ min

· CCF worsen presence 

· Carefully control dose and individual response

· Peripheral vascular disorders and Reynaud’s phenomena

· Renal or hepatic disorders especially in the presence of metabolic acidosis

· Possible precipitation of peripheral gangrene

· Adverse reactions more common in patients receiving IV medications or renal decompensated patients

· Impaired sympathetic mediated response to hypoglycaemia in diabetics

· Anaesthetic agents may cause myocardial depression

· Concomitant catecholamine depleting agents 

Drug interactions 5()
:

· Phenothiazines Hypoglycaemic agents

· Class 1 anti-arrhythmias

· Ca2+ channel blockers 

Bisoprolol

Indications 5()
:

· Mild to moderate hypertension

· Angina pectoris 

Dosage 5()
: 

· Adults: 5 -10 mg once daily in the morning 

· Maximum recommended daily dose: 20 mg

Contra-indications 5()
:

· Uncontrolled asthma

· 2nd and 3rd degree heart block

· Bradycardia 

· Pregnancy

· Lactation

· Uncontrolled cardiac failure

· Metabolic acidosis 

· Sinus bradycardia

· Pheochromocytoma

· Hyperthyroidism

· Children 

Side-effects 5()
:

· Blood disorders 

· CV effects including CCF or heart block

· Peripheral vascular disorder exacerbation

· Reynaud's phenomenon

· CNS effects 

· Paradoxical hypertension

· Paraesthesia 

· Metabolic disturbances 

· Hypoglycaemia 

· Increased uric acid levels

· Hypercholesterolemia 

· GI disturbances 

· Stomatitis 

· Weight gain

· Muscular cramps

· Myopathy

· Skeletal muscular weakness

· Visual disturbances

· Skin reactions 

· Hearing loss

· Hypersensitivity reactions

· Sexual impotence 

· Respiratory disorders 

· Floppy infant syndrome if administered shortly before or during labour

· Bronchoconstriction patients with pulmonary disorders 

Special precautions 5()
:

· Asthma

· Bronchitis 

· Chronic respiratory disorders

· Peripheral vascular disorder

· Reynaud’s phenomenon

· Elderly

· Renal dysfunction 

· Peri-operative period

· Diabetes mellitus 

· Anaesthesia or surgery

· Concomitant class 1 anti-dysrhythmic agents, myocardial depressesant or AV conduction inhibitors

· Transforaminal clonidine

· Concomitant verapamil in patients with impaired ventricular function and conduction abnormalities

· Concomitant IV Ca2+ antagonists and anti-arrhythmic is not recommended

· Tachycardia associated with hypoglycaemic modifications

· Α--receptor blocking in the treatment of pheochromocytoma

· Concomitant digoxin in CCF

· Gradual withdrawal 

· Limit physical activity during withdrawal period 

Drug interactions 5()
:

· Possible life-threatening with hypoglycaemic agents or phenothiazines and anti-arrhythmic agents

· β-adrenoceptor blockers 

Metoprolol 

Indications 5()
: 

· Hypertension

· Angina pectoris

· Supraventricular tachydysrhythmia (maintenance only)

· Hyperthyroidism (supplementary medication)

· MI 

Dosage 5()
: 

· Hypertension: 100 -200 mg daily in a single dose or divide the dose between morning and evening. Dosage may be increased if necessary and other anti-hypertensives added

· Angina: 100 -200 mg daily in two divided doses. Maximal dose: 400 mg daily

· Supraventricular tachydysrhythmia: 50·150 mg daily in 2-3 divided doses. Maximal dose: 300 mg daily 

· Hyperthyroidism: 150·200 mg daily in 3-4 divided doses. Maximal dose: 400 mg daily 

· MI: Maintenance dose of 200 mg daily in two divided doses. Dosage may be reduced depending on haemodynamic status

Contra-indications 5()
:

· Children

· Hypersensitive to other β-blockers

· Bronchospasm

· Untreated CHF

· 2nd or 3rd degree AV block

· Decompensated heart failure

· Sinus bradycardia

· Sick sinus syndrome

· Cardiogenic shock

· MI patients with heart rate less than 40-50 beats/min, PR interval of greater than 0.24 sec, systemic BP <100 mmHg and / or moderate to severe heart failure 

· Untreated pheochromocytoma

· Hypotension

· Severe bronchial asthma

· Severe bronchospasm history 

· Pregnancy and lactation 

Side-effects 5()
:

· CNS and peripheral nervous system effects

· Paraesthesia

· Cardiac effects 

· Vascular effects including Reynaud’s phenomenon

· Psychiatric disorders

· GI disturbances

· Hepatic or skin disorders

· Photosensitivity

· Hair loss

· Increased sweating

· Exertional dyspnoea

· Bronchoconstriction

· Rhinitis

· Libido and potency disturbances

· Peyronie's disturbances 

· Visual disturbances

· Tinnitis

· Weight gain

· Thrombocytopenia

· Arthritis

· Retroperitoneal fibrosis

· Floppy infant syndrome if administered during labour

· Muscle cramps 

· Worsening of psoriasis

Special precautions 5()
: 

· Asthma

· Bronchitis

· Chronic respiratory disorders

· Peripheral arterial circulatory disorders

· Reynaud’s phenomenon 

· Elderly

· Renal dysfunction

· Concomitant catecholamine depleting medications, other β-blocks or MAOI's

· Monitor patients closely with concomitant verapamil

· Concomitant potent CYP205 inhibitors

· Transforaminal clonidine

· Diabetes

· Concomitant alcohol  

· Pregnancy

· 1st degree AV block

· Lower dose or gradually withdraw in increased bradycardia (heart rate less than 50-55 bpm) 

· Metabolic acidosis

· Known or suspected pheochromocytoma

· Reduce gradually especially in ischaemic heart disease and limit physical activity in the peri-operative period 

· Liver cirrhosis

· Elderly

· Where anaphylaxis risk is increased 

· Prinzmetal's angina

· Monitor thyroid or cardiac function if thyrotoxicosis is suspected

· Consider to discontinue in case of ocular effects

· Renal decompensation

Drug interactions 5()
:

· Anti-hypertensives

· Ca2+ channel blockers

· Class 1 anti-arrhythmics

· Amiodarone

· Nitroglycerine
· Certain inhaled anaesthetics 

· CYP2D6 inhibitors

· Prazosin

· Digitalis glycosides

· Sympathomimetics

· NSAIDs

· Hepatic enzyme inducers

· Increased or prolonged hypoglycaemia effects with insulin

· Sulfonylureas

· Lidocaine 

Nebivolol

Indications 5()
:

· Mild to moderate hypertension

Dosage 5()
:

· Adults 5mg daily preferably at the same time each day. Additional anti-hypertensive effects when combined with hydrochlorothiazed of 12.5-25 mg

Contra-indications 5()
: 

· Hepatic impairment

· Pregnancy 

· Lactation

· Cardiogenic shock

· Uncontrolled heart failure

· Sick sinus syndrome, including sino-atrial block

· 2nd and 3rd degree heart block

· Untreated pheochromocytoma

· Metabolic acidosis

· Bradycardia (less than 50 bpm)

· Bronchospasm and bronchial asthma history

· Hypotension 

· Severe peripheral circulatory disorders 

· Verapamil therapy 

· Children  

Side-effects 5()
:

· CNS effects

· GI disturbances

· Dyspnea

· Oedema 

· Bradycardia

· Slow.AV conduction or AV block

· Hypotension

· Heart failure

· Increased intermitted claudication 

· Visual disturbances

· Impotence 

· Bronchospasm

· Rash

· Cold or cyanotic extremities

· Raynaud’s

· Dry eyes

· Mucocutaneous toxicity 

· Pneumonitis 

· Pleurisy

· Peripheral neuropathy

· Alopecia

· Blood dyscrasia

· Metabolic changes affecting glucose control and cholesterol control

· Lupus like syndrome

· Sclerosis

· Peritonitis 

· Retroperitoneal fibrosis

· Severe peripheral vascular disorder or peripheral gangrene possible

· Psoriasis aggravation 

· Myasthenia gravis possible unmasked 

Special precautions 5()
:

· Renal insufficiency 

· IV β-blockers

· Sensitivity to allergens

· Elderly

· CHF to be stabilised before initial therapy

· Gradual withdrawal

· Peripheral circulatory disorders

· 1st degree heart block

· Prinzmetal’s angina

· Diabetes

· Hyperthyroidism

· Asthma

· Bronchitis, pulmonary disorder

· Rebound hypertensive risk increased after sudden withdrawal of chronic clonidine

· Underlying cardiac disorders 

· Pheochromocytoma requiring concomitant α-receptor blocker therapy

Drug interactions 5()
:

· Verapamil

· Diltiazem

· Class 1 anti-arrhythmic

· Anaesthesia 

· Sympathomimetic agents

· TCA's

· Barbiturates 

· Phenothiazines

· Medication predominantly metabolised by CYPZD6 pathway

Sotalol

Indications 5()
:

· Hypertension

· Angina pectoris

· Cardiac arrhythmias

· Re-infarction prevention following MI

· Reduction of sympathetic overactive symptoms in hyperthyroidism 

Dosage 5()
: 

· Hypertension: Initial: 160 mg daily as single or divided dose, increased according to patients’ response at fortnight interval to 600 mg or more daily

· Angina pectoris: Optimum dose between 160 & 600 mg daily

· Post MI to prevent re-infarction: 320 mg daily

· Hyperthyroidism: 120·- 240 mg daily

Contra-indications 5()
:

· Bronchospasm

· Asthma

· Obstructive airways disease history

· Metabolic acidosis

· Sinus bradycardia 

· Partial heart block

· CHF unless controlled

· Pheochromocytoma without concomitant α-receptor blockers therapy 

Side-effects 5()
: 

· Fatigue

· Cold extremities 

· CV effects

· torsades de pointes

· Bronchospasm

· Pneumonitis 

· Pulmonary fibrosis

· Pleurisy

· CNS effects

· Paraesthesia 

· Peripheral neuropathy

· Myopathy

· GI disturbances

· Skin rash

· Pruritus 

· Alopecia 

· Ocular symptoms

· Blood dyscrasia 

· Metabolic changes 

· Lupus-like syndrome 

· Male impotence

· Sclerosis peritonitis 

· Retroperitoneal fibrosis  

Special precautions 5()
:

· Monitor QT-interval; reduce dose if QT interval exceeds 0.5 sec

· Monitor serum electrolyte concentration as hypokalaemia may predispose patients to arrhythmia

· Symptoms of hyperthyroidism and hypoglycaemia possibly masked 

· Myasthenia gravis possibly unmasked

· Psoriasis possibly aggravated 

Alpha and beta receptor blockers 
Agents such as carvedilol and labetalol are non-selective β-receptor (β1 and β2) and α-receptor blockers blocking the β-receptors in the heart and α-receptors in the vascular smooth muscle 10()
. 
Carvedilol

Indications 5()
:

· Mild to moderate essential hypertension 

· Mild to moderate stable symptomatic heart failure of ischaemic cardiomyopathy origin: in conjunction with standard therapy

Dosage 5()
:

Take after meals

Essential hypertension: 

· Adults: 

· Initial: 6.25 mg twice daily for 1-2 weeks, with maintenance of 12.5 mg twice daily OR

· Initial: 12.5 mg once daily for two days with maintenance of 25 mg once daily

· Elderly:

· Initial: 12.5 mg once daily. If necessary increase dose as tolerated at two week interval up to 25 mg once daily or in divided doses

CHF in conjunction with standard therapy

· Initial: 3.125 mg twice daily for two weeks then increase 6.25 mg twice daily for two weeks

· Maximal: 25 mg twice daily in patients less than 85 kg and 50 mg twice daily in those more than 85 kg

Contra-indications 5()
:

· Bronchospasm

· Asthma

· Obstructive airway disease history 

· Bronchitis 

· Chronic respiratory disease

· 2nd or 3rd degree AV block

· Severe bradycardia (less than 50 bpm)

· New York Heart Association class IV decomposition HF requiring IV inotropic support

· Cardiogenic shock 

· Sick-sinus syndrome including SA block 

· Hepatic function impairment 

· Metabolic acidosis

· Peripheral vascular disease 

· Reynaud’s

· Allergic conditions involving airways 

· Pregnancy 

· Lactation

· Children 

Side-effects 5()
:

· Blood dyscrasia

· Hypo- or hyperglycaemia 

· Overt psychosis

· Fatigue 

· Dizziness

· Paraesthesia

· CNS effects

· Hallucinations 

· Peripheral neuropathy

· Decreased tear production

· Blurred vision

· Ocular pain

· Marked bradycardia 

· Hypotension

· Chest pain

· General oedema 

· Heart block with possible precipitation with underlying cardiac conditions 

· Exacerbated peripheral vascular disease

· Reynaud’s

· CCF

· Dyspnoea

· Pharyngitis

· Rhinitis 

· Bronchoconstriction

· Patients suffering from asthma or bronchitis or other chronic pulmonary diseases

· Pneumonitis

· Pulmonary fibrosis

· Pleurisy

· GI disturbances

· Hepatic injury

· Increased sweating 

· Allergic skin reactions

· Alopecia 

· Exacerbated psoriasis

· Back pain

· Myopathy

· Arthralgia

· Muscular weakness and cramps

· Haematuria 

· Deteriorating renal function in CCF patients 

· Impotence 

· Fever

Special precautions 5()
:

· 1st control pheochromocytoma adequately with α-receptor blockers

· First Control CHF  

· Transforaminal clonidine

· Digitalisation maybe necessary with long-term beta- blocker therapy if CCF is likely to develop

· Avoid with concomitant cardiac depressing Ca2+ channel blockers

· Monitor digoxin level when adjusting carvedilol
· Patients receiving digitalis, diuretics and or ACE inhibitors to be stabilised before initial therapy

· If therapy is discontinued for longer than two weeks in heart failure initiate form starting point 

· Do not increase dose until symptoms of worsening HF or vasodilatation is stabilised

· Discontinue 48 hrs prior to anaesthesia 

· Peri-operative period 

· Renal impairment 

· Elderly

· Discontinue gradually particularly in ischaemic heart disease

· Prinzmetal's angina

· Pulse rate less than 55 bpm

· Early signs aand symptoms of hypoglycaemia possibly masked

· Possibly dosage reduction of insulin or anti-diabetic medication

· Hyperthyroidism symptoms masked

· Contact lens wearing due to reduced lacrimation

· Where anaphylaxis history present patients probably more reactive to repeat challenge with antigen

Drug interactions 5()
:

· Hypoglycaemic agents

· Phenothiazines

· Anti-arrhythmic agents

· NSAID's

· Insulin 

· Sulphonylureas

· β-receptor blockers 

Labetalol

Indications 5()
:

· Rapid control of BP in severe hypertension including use in halothane anaesthesia where hypotension technique indicated
Dosage 5()
:
·  200 mg in  200 ml normal saline or dextrose and water infusion and administer at1 mg/ml
· Administer via paediatric 50 ml graduated burette to facilitate accurate dose

· Rate of IV infusion 2 mg/min till satisfactory response and then stopped, usually within range of 50-200 mg 

· Hypotensive anaesthesia:
· Induce anaesthesia with standard agents and maintain with nitrousoxide and O2 with halothane 
· Recommended starting dose: 10·20 mg IV depending on age and patient’s condition

· If after 5 min satisfactory hypotension is not achieved administer increments of 5-10 mg until desired BP is obtained

· Halothane concentration should not exceed 1-1,5% 
· Mean duration of hypotension following 20-25 mg is 50 min
· Hypotension can be reversed by atropine 0.6 mg and discontinue halothane
Contra-indications 5()
:

· Jaundice 

· A-V block
· Digitalis 

· Resistant HF 
· Pregnancy

· Asthma
· Following MI where peripheral vasoconstriction suggestive of low cardiac output.

Side-effects 5()
:

· Postural hypotension

· Vivid dreams
· Ejaculation failure 

· Epigastric pain
· Prickly scalp
· Headache
· Nausea

· Lethargy
· Tiredness 

· Cramps

· Slight bradycardia
Special precautions 5()
:

· Jaundice 

· Asthma 

· Diabetes mellitus 

· In patients on therapy requiring anaesthesia administer atropine 

· Observe respiratory function

· Monitor BP throughout infusion

· Monitor heart rate after injection and during infusion

· Hypovolaemia 

· Physiological response to haemorrhage possibly masked during anaesthesia

Drug interactions 5()
:

· Insulin
· Oral anti-diabetic agents

· Halothane
Sympathetic nervous system blockers 
Reserpine, an alkaloid found in the root of two plant species Rauwolfia serpentina and Rauwolfia vomitoria is used clinically as an anti-hypertensive and anti-psychotic agent 11()
. Reserpine prevents the re-uptake of noradrenalin into the storage vesicles by inhibiting the ATP/Mg 2+ pump responsible for uptake into the vesicles of the peripheral sympathetic nerve endings. Reserpine further depletes the noradrenalin and serotonin stores form the central and peripheral axons and prevents the synthesis thereof 11(, 12)
. 
Reserpine

Indications 5()
:

· Hypertension
Dosage 5()
:
· 0.125 mg – 0.5 mg 
Contra-indications 5()
:

· Depression 
Side-effects 5()
:

· Nasal congestion

· CNS effects 

· Weight gain

· GI disturbances
· Na+ and water retention leading to CCF
Special precautions 5()
:

· Discontinue at 1st signs of depression

· Debilitated patients
· Peptic ulcer

· Ulcerative colitis 

· Arrhythmia 

· Cardiac infarction

· Severe cardiac damage
· Bronchitis 

· Asthma

Direct acting vasodilators

Direct acting vasodilators exert their effects directly on the vascular smooth muscle, relaxing the vascular smooth muscle and thus decreasing peripheral resistance and blood pressure 13


( ADDIN EN.CITE , 14)
. 
Hydralazine

Indication 5()
:

· Reduce BP in hypertension
Dosage 5()
: 
· 100-200 mg daily starting with 10-20 mg 2-4 times daily increasing gradually until the desired effect is obtained 

· Maximal dose: 300 mg daily

Contra-indications 5()
:

· Tachycardia 

· History of coronary disease

· Pregnancy 
Side-effects 5()
:

· CV effects

· Sweating

· GI disturbances
· Postural hypotension

· Conjunctivitis 

· Lacrimation

· Chills

· Fever

· Vertigo
· Flush
· Dyspnoea

· Malaise
· Muscle cramps
· Nasal congestion

· Hepatitis

· Local oedema

· Urinary retention

· CNS effects

· Paralytic illeus

· Drug fever

· Skin rash

· Polyneuritis

· GI haemorrhage

· Blood dyscrasia

· Acute rheumatic state

· LE syndrome with chronic high doses

Special precautions 5()
:

· MAOI/TCA's
· Reduce dose in slow acetylators
· Anaesthesia 

Drug interactions 5()
:

· Adrenalin 

· Thiazide diuretics 

· β-blockers 
Minoxidil

Indication 5()
:

· Adjunctive therapy in severe refractory hypertension which has failed to respond to extensive multiple therapy

Dosage 5()
:
Adults: 
· Single or divided doses: 5-40 mg/day
· Max: 100 mg/day
Children over 12 yrs: 
· Initial: 5 mg daily as single or divided dose
· Followed by 5-10 mg incrementing doses at 3-day intervals till 50 mg/day
· Increase dose by 25 mg/day to maximum of 100 mg/day
Children under 12 yrs:
· Initial: 0.2 mg/kg as single or divided daily dose
· Increase by 0.1-0,2 mg/kg/day at 3-day intervals

· Maximum: 1 mg/kg/day
Contra-indications 5()
:

· Pulmonary hypertension associated with mitral stenosis 

· Pheochromocytoma

· Mild or labile hypertension

· Pregnancy

· Lactation 
Side-effects 5()
:

· Peripheral oedema

· Increase in heart rate
· Hypertrichosis 

· Hypotension

· GI intolerance 

· Rash
· Breast tenderness

· Water and salt retention if used alone
· Angina pectoris 

· Tachycardia 

· Body hair changes 
· Pericarditis
· Pericarditis pericardial effusion and tamponade

Special precautions 5()
:

· Renal failure or dialysis

· MI patients must have a stable post-infarction period

· Give with diuretic therapy
· Initiate concomitant sympathetic nervous system suppression
Drug interactions 5()
:

· Concomitant guanethidine can result in profound orthostatic effects
Nitroprusside

Indication 5()
:

· Emergency hypertension treatment 

· Controlling hypotension in surgery where technique is clearly indicated 

· Left ventricular function improvement following acute MI

· Preliminary trials in chronic refractory heart failure
Dosage 5()
:

· Administer via device allowing precise flow rate adjustment 

· Infuse at 5-150 drop/min till desired systolic pressure is obtained 
Contra-indications 5()
:

· Compensational hypertension

· Chronic use
· Children

· Pregnancy 
Side-effects 5()
:

· GI disturbances
· Diaphoresis

· CNS effects

· Palpitations
· Muscle twitches

· Retrosternal discomfort
· Possible toxic effects or collapse with excessive dose

Special precautions 5()
:

· Consider benefit to risk ratio in pregnancy 

· Elderly patients

· Monitor pulse and BP

· Hypothyroidism 

· Severe renal insufficiency 
Drug interactions 5()
:

· Ganglion blockers 

CARDIOVASCULAR AGENTS: Drug class overview

Anti-hypertensives

Previous references:

1-14
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Calcium channel blockers
Calcium channel blockers were originally introduced to counter act cardiac arrhythmias and treat angina pectoris, but because calcium ions (Ca2+) play such as vast role in the regulation of the contractility of  both cardiac and vascular smooth muscle cells, these agents were also investigated for the use in hypertension 15


( ADDIN EN.CITE , 16)
. 

Excitation in most cardiac cells is dependent upon depolarising inward currents produced by both Ca2+ and sodium ions (Na+) 15()
. Na+ passes rapidly through the Na+ channels acts rapidly and is therefore responsible for the rapidly rising phase of the cardiac cell’s action potential, whereas Ca2+ passes more slowly through the specific plasma membrane Ca2+  channels and therefore produce the plateau phase of the action potential, instrumental in the excitation-contraction of the heart 15()
. 

Calcium channel blockers block the passage of Ca2+ through these channels and decrease excitation-contraction in both cardiac and vascular smooth muscle, decrease cardiac output and blood pressure, block Ca2+ entry into the sinoatrial (SA) and atrioventricular (AV) nodes slowing pacemaker activity and blocking conduction 15()
. 

Calcium channel blockers differ form angiotensin converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) as their effects are not enhanced by Na+ restriction and therefore Na+ intake has little effect on the overall effect of calcium channel blockers 17()
. A meta-analysis by Chen et al found that when calcium channel blockers are used as first line agents, they  reduce cardiovascular events, stroke and cardiovascular mortality compared to β-receptor blockers. The authors also noted that when these agents (long acting CCBs) were used as first line agents they reduced the incidence of stroke compared to ACE-I and ARBs 18()
. Calcium channel blockers are therefore the preferred first line agent to reduce cardiovascular events 18()
 in patients with isolated systolic hypertension and in certain population groups at particular risk for cerobrovascular events such as the elderly when monotherapy is required. CCBs combine well with RAAS inhibitors such as ACEI and ARBs and further reduce cardiovascular morbidity compared with combinations of agents with s.imilar probabilities for reducing blood pressure but with different modes of action e.g. beta receptor blockers.
Amlodipine
Long acting dihydroperidine CCB (DHP CCB)
Indication 5()
:

· Angina pectoris 

· Mild to moderate hypertension 

Dosage 5()
: 

· May be used in combination with other anti-hypertensives for hypertension

· Initial dose: 5 mg once daily

· May be increased to 10 mg once daily depending on individual response after 10-14 days

Contra-indications 5()
:

· Dihydroperidine hypersensitivity 

· Children

· Porphyria 

· Pregnancy 

· Lactation 

Side-effects 5()
:

· Increased pulmonary oedema reported in heart failure

· Blood dyscrasia

· Hyperglycaemia

· CNS effects

· Hypertension 

· Paraesthesia 

· Peripheral neuropathy

· Tremor 

· Mood changes

· Flushing

· Dry mouth 

· Taste perversion  

· Increased sweating

· Visual disturbances  

· Tinnitus

· Pulmonary or peripheral oedema 

· Palpitations 

· Hypotension

· Syncope

· Vasculitis 

· MI

· Arrhythmia 

· Chest pain

· Cough

· Dyspnoea

· GI disturbances

· Gingival hyperplasia 

· Pancreatitis 

· Hepatitis 

· Jaundice 

· Alopecia 

· Arthralgia or myalgia 

· Back pain

· Muscle cramps

· Increased urinary frequency  

· Impotence

· Gynaecomastia 

· Fatigue

· Weight increase or decrease    

· Allergic reactions including angioedema and erythema multiforme.

Special precautions 5()
:

· Elderly

· Severe renal impairment  

· Impaired hepatic function 

· Possible negative inotropic effects 

· AUC increase in heart failure 

· Gradual withdrawal 

Drug interactions 5()
:

· Sublingual nitroglycerine or long acting nitrates 

· β-blockers 

Diltiazem
non Dihydroperidine CCB
Indication 5()
:

· Angina including Prinzmetal’s angina 

· Mild to moderate hypertension

Dosage 5()
: 

· 30-60 mg 3 to 4 times daily or 

· 90-180 mg twice daily, dosage may be increased with 90 mg increments divided into two doses

Contra-indications 5()
:

· Pregnancy

· Lactation

· Decompensated cardiac insufficiency 

· Sick sinus syndrome

· Conduction disturbances (sino-arterial or atrioventricular block)

· Bradycardia (pulse rate less than 55 beat /min)

· Severe renal or hepatic impairment

· Porphyria 

· Children

Side-effects 5()
:

· GI disturbances

· Dizziness

· Confusion

· Headache

· Hypertension or hypotension 

· Bradycardia

· Erythema multiforme

· Hypotension 

· Bradycardia 

· Ankle oedema 

· Malaise

· 1st degree AV-block

· Flushing 

· Gynaecomastia 

· Hyperactivity with associated psychotic symptoms 

Special precautions 5()
:

· Elderly

· Impaired renal or hepatic function

· Decrease dose in bradycardia and discontinue if persists 

· Pre-existing hypotension 

· Impaired left ventricular function 

· Β-receptor blockers 

· Digitalis

· Anaesthesia 

Drug interactions:

· Β-blockers 

· Glycosides 

· Propranolol

· Carbamazepine

· Cyclosporine

· Theophylline 

· Cimetidine

· Diltiazem

Felodipine
DHP CCB (intermediate duration of action)
Indication 5()
:

· Hypertension 

Dosage 5()
: 

· Administer in the morning 

· Starting dose: 5 mg once daily

· Maintenance: 5 -20 mg once daily

· Elderly and impaired hepatic function: do not exceed 10 mg daily

Contra-indications 5()
:

· Women of child bearing age

· Cardiogenic shock

· Lactation 

Side-effects 5()
:

· Dizziness

· Fatigue 

· Flushing 

· Headache

· Hypotension 

· Peripheral oedema 

· GI disturbances

· Eye pain

· Increased micturition

· Lethargy

· Depression

· Paradoxical increase in ischaemic chest pain at start of treatment

· Cerebral, myocardial ischaemia or transient blindness as a result of excessive drop in blood pressure 

· Hypersensitivity reaction 

· Sexual dysfunction 

· Impotence 

Special precautions 5()
:

· Avoid hypotension with combination therapy 

Drug interactions 5()
:

· Phenytoin

· Carbamazepine

· Phenobarbital 

· Cimetidine

· Erythromycin

· Grapefruit juice 

Warnings 5()
:

· Possible significant hypotension precipitated with tachycardia which may result in MI in susceptible individuals 

Isradipine
DHP CCB (intermediate duration of action)
Indication 5()
:

· Mild to moderate hypertension

Dosage 5()
:

· 2.5 mg twice daily 

Contra-indications 5()
:

· Pregnancy 

· Lactation

· Children 

Side-effects 5()
:

· Dizziness 

· Headache

· Flushing

· Tachycardia

· Palpitations

· Non-cardiac local peripheral oedema     

· Hypotension

· Fatigue

· GI disturbances

· Increased micturitation frequency

· Lethargy

· Eye pain

· Depression

· Hypertension

· Skin reactions

· Gingival hyperplasia

· Elevated serum transaminase levels 

· Myocardial Infarction

· Ischaemic chest pain at start of treatment 

· Excessive fall in BP leading to cerebral or myocardial ischaemia or transient blindness 

Special precautions:

· Elderly

· Renal or hepatic impairment

· Chronic heart failure

· Low systolic blood pressure

· Regular glucose monitoring in diabetic patients

· Concomitant anti-coagulants and anti-convulses

· Increased bioavailability when taken with food

Drug interactions:

· Propranolol

· Cimetidine

· Rifampicin

Warnings: 

· Not recommended in sick sinus syndrome

· Aortic stenosis

· Recurrent myocardial infarction 

· Heart block 

Lercanidipine
DHP CCB
Indication 5()
:

· Mild to moderate hypertension

Dosage 5()
:

· Start dosing dose: 10 mg daily 

· Increase to  20 mg depending on individual response 

· It may take two weeks to reach maximal effect 

Contra-indications 5()
:

· Dihydroperidine hypersensitivity 
· Pregnancy 

· Lactation

· LV outflow tract obstructive or aortic stenosis 

· Untreated CCF

· Unstable angina pectoris 

· Severe renal of hepatic impairment 

· Patients under 18 yrs 

· Concomitant grapefruit juice or CYP3A4 inhibitors

· Cyclosporine

· Alcohol

Side effects 5()
:

· CNS effects

· Depression

· Eye pain

· Flushing

· Peripheral oedema

· Hypotension

· Palpitation

· Angina pectoris and increased frequency in patients with pre-existent angina 

· Patients with pre-existing angina 

· Myocardial infarction

· GI disturbances 

· Increase in serum hepatic transaminase levels

· Rash

· Gingival hyperplasia

· Myalgia 

· Polyuria 

· Increased micturition frequency

Special precautions 5()
:

· Sick sinus syndrome if pacemaker is not in situ

· LV outflow tract obstruction 

· Moderate to severe LV dysfunction

· Increase CV risk in patients with ischaemic heart disease 

· Elderly 

· Renal or hepatic dysfunction 

· Women of childbearing age 

· Digoxin 

· Cimetidine 

· Drug interactions 5()
:

· Β-receptor blockers 

· Alcohol

· Grapefruit juice 

Nifedipine
DHP CCB (short duration of action unless in modified release formulation)
Indication 5()
:

· Chronic stable angina pectoris 

· Mild to moderate hypertension

Dosage 5()
:

· 10 -30 mg twice daily 

· Maximum 90 mg daily 

Contra-indications 5()
:

· Pregnancy 

· Lactation

· CV shock

· Aortic stenosis  

· Unstable angina 

· During or within a month of MI

· During or within one month of myocardial infarction

· GI or oesophageal obstruction

· Decreased lumen diameter

· Inflammatory bowel disease

· Concomitant rifampicin

· Children 

Side-effects 5()
:

· Allergic or anaphylactic reactions

· Pruritus 

· Urticaria

· Skin rash

· Anxiety reactions

· Sleep disorders

· Headache

· Vertigo

· Migraine

· Dizziness

· Tremor 

· dysaesthesia,   

· Visual disturbances

· Tachycardia 

· Palpitations

· Oedema 

· Vasodilatation

· Hypotension

· Syncope

· Nose bleed

· Nasal congestion

· Dyspnoea 

· GI disturbances

· Gingival hyperplasia

· Bezoar 

· Dysphagia 

· Intestinal obstruction 

· Intestinal ulcers 

· transient increase in liver enzymes
· Erythema 

· Muscle cramps

· Joint swelling 
· Polyuria 

· Dysuria

· Erectile dysfunction

· Feeling unwell 

· Unspecific pain

· Chills

· Blood glucose increase

Special precautions 5()
:

· Grapefruit juice combined 

·  IV magnesium sulphate in pregnant women

· Cytochrome P450 3A4 inducers or inhibitors 

· Β-receptor blockers 

· Monitor concomitant tacrolimus plasma concentration

· Discontinue if “steal” effect is experienced

· Monitor BP during initial and titration of therapy especially with anti-hypertensive therapy 

· Dialysis patients with malignant hypertension and irreversible kidney failure with hypovolaemia as fall in BP is possible 

· Angina patients with hypotension 

· Heart failure

· Aortic stenosis 

· Diabetes mellitus 

· Poor cardiac reserve

· Do not use in patients with Kock pouch, possible false positive effects with Ba contrast X-ray

· Withdraw gradually

· Does not replace nitroglycerine in an acute attack 

Drug interactions 5()
:

· Rifampicin

· Grapefruit juice

· Quinapristin 

· Dalfopristin

· Cisapride

· Erythromycin

· Fluoxetine

· Amprenavir

· Indinavir

· Ritonavir

· Saquinavir

· Valproic acid

· Ketoconazole

· Itraconazole

· Fluconazole

· Cimetidine

· Phenytoin

· Carbamazepine 

· Phenobarbital 

· Digoxin

· Quinidine 

· Diltiazem 

Nimodipine
DHP CCB (short acting)
Indication 5()
:

· Prophylaxis and treatment of ischaemic neurological deficits caused by cerebral vasospasm following subarachnoid haemorrhage of aneurismal origin 

Dosage 5()
:

· IV infusion

· For the 1st two hours infuse 1 mg each hour, increase to 2 mg/hour after two hours provided no increase in BP is observed 

· Patients with body mass less than 70 kg or unstable BP start at a dose of 0.5 mg or less if necessary 

· Oral 

· Follow IV administration 60 mg every 4 hourly for 21 days 

· Total dose: 360 mg/d 

· Prophylactic administration

· Start therapy no later than 4 days after haemorrhage and continue during period of maximum vasospasm 

· If haemorrhage source is treated surgically continue IV treatment for 5 days post-operation then continue with oral treatment for a further 7 days 

· Therapeutic administration

· If ischaemic neurological disturbances caused by vasospasm after aneurismal subarachnoid haemorrhage are present, treat as early as possible and continue for at least 5 days up to a maximum of 14 days. Continue with oral treatment to complete 21 day treatment period 

· If haemorrhage source is treated surgically continue IV therapy 5 days post-operatively 

Contra-indications 5()
:

· Pregnancy

· Lactation

· Concomitant rifampicin, phenytoin, phenobarbital and carbamazepine 

Side-effects 5()
:

· Thrombocytopenia

· Allergic reactions

· Rash

· Headache

· Hyperkinesia

· Tachycardia or bradycardia

· Hypotension

· Vasodilatation

· GI disturbances

· Local reactions with injection administration

Special precautions 5()
:

· Impaired liver function

· Discontinue if hypotension occurs

· Do not administer tablets and IV infusion concomitantly 

· Cerebral oedema 

· Severe raised IC pressure 

· Systolic BP  <100 mmHg

· Monitor renal function during treatment with IV solution in renal disease or nephrotoxic drug use

· IV solution contains alcohol 

· Grapefruit juice should be avoided 

· Possible impaired sperm function

· IV solution reacts with PVC; use glass bottles and keep dark
Drug interactions 5()
:

· P450 3A4 inducers and inhibitors 

· Alcohol 

· Grapefruit juice 

Verapamil
non DHP CCB
Indication 5()
:

· Angina pectoris

· Mild to moderate hypertension

· Supraventricular tachydysrhythmia 

· Prophylaxis of supraventricular relapse after electro-cardioversion 

Dosage 5()
: 

· 40-120mg three times daily 

Contra-indications 5()
:

· Retarded AV conduction

· Acute stage of MI

· Sick sinus syndrome 

· Uncompensated heart failure 

· Hypotension associated with cardiogenic shock

· Marked bradycardia 

· Pregnancy 

· Breast feeding
Side-effects 5()
:

· GI disturbances

· Headache

· Fatigue

· Palpitations 

· AV and SA blockade 

· Dizziness 

· Urticaria 

· Skin rash

· Increase of transaminase and or alkaline phosphatise and bilirubin 

· Symptomatic hypotension in normotensive patients

· Exacerbation of arthritis 

· Increased urination

· Gum burn

· Mild tremor 

· Severe facial pain.

Special precautions 5()
:

· Control mild ventricular dysfunction firstl with digitalis and or diuretics 

· Possible digitalis toxicity 

· Impaired hepatic or renal function 

· Atrial fibrillation

· Hypertrophic cardiomyopathy 

· Attenuate neuromuscular transmission

· Do not administer disopyramide within 48 hours prior to or 24 hours after verapamil 

· Avoid concomitant quinidine in hypertrophic cardiomyopathy 

· Inhalation anaesthesia 

Drug interactions 5()
:

· B-receptor blockers 

· Other anti-hypertensives 

· Flecainide

· Quinidine 

· Carbamazepine 

· Rifampicin 

· Phenobarbital 

· Cyclosporine 

· Simvastatin 

· Lovastatin 

· Grapefruit juice

Blockers of the rennin-angiotensin-aldosterone system (RAAS)

Overreaction of RAAS plays a major role in the pathogenesis of hypertension and blockage thereof is thus a therapeutic target in patients with hypertension 19()
. RAAS is involved in controlling the circulating volume and electrolyte balance and in hypertension this entails retaining Na+ and water 19(, 20)
. 

One of the enzymes involved in the RAAS is ACE, ACE is responsible for the conversion of the inactive angiotensin I into the potent vasoconstrictor angiotensin II 7


( ADDIN EN.CITE , 19, 20)
. Angiotensin II increases blood pressure and stimulates the production of aldosterone 7(, 20)
. Inhibition of the enzyme not only prevents the conversion of angiotensin I into its active form, but also prevents the formation of aldosterone and decrease the degradation of bradykinin 7


( ADDIN EN.CITE , 19, 20)
. Bradykinin releases nitric oxide and prostaglandins increasing the vasodilatory effects of ACE-I 7


( ADDIN EN.CITE , 19)
.

ARBs act by antagonising the receptor for angiotensin II, preventing is binding and therefore its vasoconstrictive effects 7()
. Although ARBs can decrease blood pressure, they do not prevent the breakdown of bradykinin and thus do not have the added vasodilatory effects 7()
.

ACE-I and ARBs both reduce proteinurea, effects of left ventricular hypertrophy and morbidity and mortality, ACE-I more so than ARBs 19()
. These agents are considered first line therapy in patients with hypertension with type-1 diabetes mellitus, proteinurea, heart failure or post-myocardial infarction 19(, 20)
. It should be noted that not all ACE-Is and ARBs have the same evidence for being cardioprotective and it seems  as if other factors such as drug kinetics (half life, tissue penetration etc) as well as receptor affinity play a role in the outcomes evidence in different studies. The reader is therefore referred to product specific literature and research regarding outcomes in clinical practice.
ACE-inhibitors
Benazepril

Indication 5()
:

· Mild to moderate hypertension

Dosage 5()
:

· Initial dose: Without diuretic 10 mg daily 

· Maintenance dose: 20- 40 mg/day once a day or in divided doses

· Combination (diuretic Ca2+ antagonists) and therapy to be commenced only after desired effect from monotherapy is not achieved

· Another antihypertensive medication should be added if desired BP is not achieved 

Contra-indications 5()
:

· Children 

· Angioedema history 

· Pregnancy and lactation  

Side-effects 5()
:

· Angioedema 

· Lip or facial oedema

· Neutropenia 

· Cholestatic jaundice 

· Liver damage 

· Palpitations 

· Orthostatic symptoms 

· Hypotension symptoms 

· Chest pain

· Angina pectoris 

· Arrhythmia

· MI

· GI disturbances

· Pancreatitis 

· Pruritis 

· Rash

· Flushing 

· Photosensitivity

· Pemphigus

· Stevens-Johnson syndrome 

· Hepatitis 

· Urinary infrequency 

· Blood urea nitrogen and serum creatinin increase

· Impaired renal function

· Cough and respiratory tract symptoms 

· CNS effects

· Blood dyscrasia 

· Tinnitus

· Dysgeusia 

· Arthralgia 

· Arthritis 

· Myalgia

· Sinusitis 

Special precautions 5()
:

· Passes through placenta

· Hymenoptera. venom

· Angioedema 

· Hypotension in severe salt and volume depleted patients 

· CHF

· Renal impairment especially if collagen vascular disease is present or renal arterial stenosis. Monitor WBC

· Discontinue and monitor in patients with jaundice or mark elevated hepatic enzymes

· Concomitant K+ sparing diuretics, K+ supplementation or K+ salts not recommended

· Concomitant Li+
· Women of child-bearing age

· Breastfeeding 

· Hepatic dysfunction

· Surgery or anaesthesia 

· Hyperkalaemia 

· Aortic or mitral stenosis

· Elderly, especially those suffering from heart failure, coronary or cerebral arterial sclerosis

Drug interactions 5()
:

· Diuretics 

· Antihypertensive effect augmented by agents increasing plasma rennin activity or alter Na+ balance 

· Li+
· Indomethacin 

Captopril

Indication 5()
:

· Mild to moderate hypertension alone or in combination with congestive heart failure not responding or adequately controlled by conventional therapy 

Dosage 5()
: 

· Hypertension: 

· Initial dose. 25 mg 2-3xdaily, increase to 50 mg 2-3xdly after 2 weeks if necessary 

· Max: 150 mg daily

· Heart failure

· Initial dose: 6.25-12.5 mg 3xdaily, increase gradually over 1-2 weeks to 75-300 mg daily

Contra-indications 5()
:

· Hypersensitivity to other ACE inhibitors

· Bumetanide

· Furosemide

· Carbonic anhydrase inhibitors 

· Photosensitivity 

· Severe renal and hepatic insufficiency 

· Aortic stenosis or outflow tract obstruction

· Children 

· History of angioneurotic oedema with previous ACE inhibitor therapy

· Pregnancy and lactation

Side-effects 5()
: 

· Angioedema 

· Proteinuria is predominant in those with prior renal failure or high doses

· Nephrotic syndrome

· Neutropenia 

· Elevated serum K+ particular in renal failure and diabetes mellitus 

· Hypotension 

· Skin reactions 

· GI disturbances 

· Hepatocellular injury or cholestatic jaundice 

· Blood dyscrasia 

· Cough 

· Tachycardia and palpitations

· Anaphylactic reactions 

· Paraesthesia of hands

· Serum sickness

· Bronchospasm

· Lymphadenopathy

Special precautions 5()
:

· Impaired renal function 

· Patients should report any infections or signs thereof immediately 

· Patients with collagen vascular disease exposed to other medications affecting WBC or immunosuppressant therapy and impaired renal function

· Monitor WBC of patients at risk prior to therapy, discontinue if neutrophil count falls below 1000/ mm3
· K+ sparing diuretic or medication associated with increase serum K+
· Monitor hypotension

· Volume depleted patients 

· Lower initial dose in patients already receiving diuretics 

· Concomitant Na+ restriction is beneficial in monotherapy 

· Loop diuretics are preferred in renal failure 

· Aortic stenosis

· Surgery or anaesthesia 

· Agents with vasodilating activity or affecting sympathetic activity

· Monitor serum Li+  

Drug interactions 5()
:

· K+ sparing diuretics 

· Indomethacin and other NSAIDs 

· Li+ 

Cilazapril

Indication 5()
:

· Mild to moderate hypertension

Dosage 5()
: 

· Individualise according to response

· Initial dose: 1st 2 days, 1.25 mg once daily

· Usual dose: 2.5-5 mg once daily 

· If not adequately controlled on 5 mg, a low dose non-K+ sparing diuretic may be added 

Contra-indications 5()
:

· ACE inhibitor sensitivities

· Ascites

· Pregnancy and lactation

Side-effects 5()
:

· Headache

· Dizziness

· Fatigue 

· Dyspepsia

· Hypotension

· Nausea 

· Rash 

· Cough 

· Angioedema 

· Symptomatic hypotension 

Special precautions 5()
:

· If possible discontinue all diuretics 2-3 days prior to commencement of therapy, if not possible initiate therapy with 0.5 mg once daily 

· Renal impairment 

· Elderly 

· CHF especially in patients with high doses with loop diuretics 

· Liver cirrhosis 

· Polyacrylonitrile member used in haemodialysis and desensitisation therapy with wasp or bee venom may induce anaphylactic reactions

· Concomitant therapy with K+ sparing diuretics, K+ supplementation or K+ salts

Drug interactions 5()
:

· Antihypertensive medications

· K+ sparing diuretics, K+ supplementation or K+ salts

· NSAIDs

· BP lowering anaesthetic agents 

Enalapril

Indications:

· Hypertension

· CHF in combination with diuretics and digitalis

· Asymptomatic left ventricular dysfunction

Dosage 5()
: 

· Essential hypertension:

· Initial dose: 10-20 mg daily

· Maintenance dose: 20 mg daily

· Renovascular hypertension: 

· Initial 5mg or less. Adjust dose accordingly, most patients respond to 20 mg daily

· HF or asymptomatic left ventricular dysfunction

· Initial dose: 2.5 mg daily, increase gradually to maintenance dose 20 mg daily as single or divided doses as titrated over 2-4 weeks

Contra-indications 5()
:

· Angioneurotic oedema history related to previous ACE inhibitor treatment

· Lactation and pregnancy

· Children

· Cardiac outflow tract obstruction

· Concomitant Ca2+ antagonists not recommended

Side-effects 5()
:

· Renal failure

· CNS effects

· Asthenia

· Syncope

· GI disturbances

· Muscle cramps 

· Rash

· Cough 

· Renal dysfunction

· Cardiovascular disorders

· Nerve disorders

· Skin disorders

· Respiratory disorders

· Impotence

· Flushing 

· Taste alterations

· Tinnitus 

· Glossitis

· Blurred vision

· Fever

· Serositis 

· Vasculitis 

· Myalgia 

· Arthralgia 

· Arthritis 

· Blood disorders 

· Photosensitivity 

· Hypertension

· Angioneurotic oedema 

· Hyperkalaemia and hyponatraemia 

Special precautions 5()
:

· Monitor BP, renal function and serum K+ in HF

· Elderly 

· Ischaemic heart disease

· Cerebrovascular disease 

· Hypertension 

· Desensitisation with Hymenoptera venom may results in anaphylactic reactions Surgery or anaesthesia 

· Diabetes mellitus

· K+ sparing diuretics, K+ supplementation or K+ salts

· Ganglion blocking agents  

Drug interactions:

· Diuretic and antihypertensive therapy 

· Volume or salt depleted patients

· Beta-blockers 

· Methyldopa 

· Ca2+ channel blockers

· Narcotic analgesics 

· Antipsychotics 

· Li+ 

· Allopurinol 

· Cytostatic and immunosuppressant agent 

· Corticosteroids 

· Procainamide 

· NSAIDs 

Lisinopril

Indication 5()
:

· Mild to moderate hypertension 

· Adjunct in congestive HF after acute MI 

Dosage 5()
: 

· Mild to moderate hypertension: 

· Initial 10 mg with effective maintenance dose of 20 mg daily as a single dose

· Maximum of 40 mg daily 

· Patients on diuretics: Initial: 5 mg daily, adjust according to patients response. Discontinue diuretic 2-3 days before initial therapy 

· Congestive heart failure: 

· Patients not adequately controlled by digitalis or diuretics

· Initial dose 2.5 mg daily. Increase at 4 week intervals if additional therapeutic effect is required

· Maintenance dose: 5-20 mg daily as single dose

· Acute MI:

· Start treatment within 24 hours of symptom onset.

· Initial dose 5 mg followed by 5 mg after 24 hours, 10 mg after 48 hours and 10 mg once daily thereafter.

· Low systolic BP: 2.5 mg daily 

· Maintenance dose: 5 mg for 6 weeks, reduce to 2.5 mg if necessary 

· Discontinue in case of prolonged hypertension 

Contra-indications 5()
:

· Pregnancy

· Lactation 

· Angioneurotic oedema history 

· Aortic stenosis

· Hypertrophic cardiomyopathy

· Children 

Side effects 5()
:

· CNS effects 

· GI disturbances 

· Orthostatic effects

· Asthenia 

· MI or CVA in high risk patients 

· Sleep disturbances 

· Vertigo 

· Fatigue 

· Cough

· CV effects

· Rash and skin reactions including Steven Johnson syndrome

· Angioneurotic oedema 

· Hypersensitivity reactions 

· Hepatitis

· Jaundice 

· Pancreatitis 

· Bronchospasm 

· Rhinitis and sinusitis

· Alopecia 

· Hyperkalaemia and hyponatraemia 

· Bone marrow depression 

Special precautions 5()
:

· Salt and volume depleted patients

· CV disease 

· Symptomatic hypotension 

· Renovascular hypertension 

· Renal impairment 

· High incidence of angioedema in black patients 

· Anaphylactic reactions in patients with dialysis with high flux membrane 

· Major surgery or anaesthesia 

· Li+ 

· Diabetes mellitus 

· K+ sparing diuretics, K+ supplementation or K+ salts

Drug interactions 5()
:

· Hypotensive medication

· Indomethacin and NSAIDs 

Perindopril
Indication 5()
:

· Mild to moderate hypertension 

· CHF not adequately controlled with diuretics and digitalis and where vasodilators are indicated 

Dosage 5()
: 

· Mild to moderate hypertension:

· 4 mg once daily may be increased to 8 mg once daily after 1 month of treatment if necessary 

· CHF: 

· Initial dose: 2 mg as single dose in the morning, may be increased to 4 mg once daily as maintenance dose

Contra-indications 5()
:

· Angioedema history associated with previous ACE-inhibitor therapy or angiotensin receptor blockers (ARBs)

· Hereditary or idiopathic angioedema 

· Aortic stenosis 

· Hypertrophic obstructive cardiomyopathy

· Severe renal function impairment 

· Renal artery stenosis

· Concomitant K+ sparing diuretic therapy

· Porphyria 

· Addison's disease

· Sulphonamide derived medication hypersensitivity 

· Concomitant Li+
· Pregnancy

· Lactation 

· Children 

Side-effects 5()
:

· Hypersensitivity reactions

· Blood dyscrasia 

· Orthostatic effects

· Hypotension 

· MI, CVA, palpitations and tachycardia

· CNS effects

· Hyperkalaemia and hyponatraemia

· GI disturbances 

· Dry mouth

· Pancreatitis

· Impotence 

· Renal insufficiency and acute renal failure

· Jaundice 

· Hepatitis

· Asthenia

· Muscle cramps

· Cough

· Dyspnoea

· Bronchospasm

· Rhinitis 

· Sinusitis 

· Skin rash, toxic epidermal necrolysis, Steven Johnson syndrome and erythema multiforme

· Psoriasis

· Sweating 

· Photosensitivity and visual disturbances

· Tinnitus

· Symptom complex

Special precautions 5()
:

· Cerebrovascular disease

· Ischaemic heart disorders

· Volume and salt depleted 

· Symptomatic hypotension

· Severe autoimmune disorders especially SLE, collagen vascular disorders or scleroderma

· Renal dysfunction 

· Acute MI

· Bone marrow depression

· Diabetes mellitus 

· Hyperkalaemia 

· Renovascular disorder

· Renal artery stenosis 

· Renal transplant

· Immunosuppressant therapy

· Anaphylactic reactions during hymenoptera desensitisation treatment or exposure to high flux membrane dialysis or low-density lipoprotein apheresis with dextran sulphite absorption

· Increased angioedema incidence in black patient 

· K+ sparing diuretics 

· Teratogenic reports after 1st trimester of pregnancy

· Elderly

· CF

· Monitor K+ sparing diuretics, K+ supplements and K+ salts 

· Surgery or anaesthesia 

Drug interactions 5()
:

· Antihypertensive products, medication, alcohol or diuretics 

· NSAIDs and indomethacin 

· Li+
Quinapril

Indication 5()
:

· Mild to moderate hypertension 

· Unresponsive systolic left ventricular failure of various aetiologies in which after load reduction is advocated

Dosage 5()
: 

· Hypertension monotherapy: 

· Initial dose: 10 mg daily dependent on response. May be titrated to a maintenance dose of 20-40 mg daily as a single or 2 divided dose

· Dose adjustments at 4 week intervals or according to patient’s response

· Full therapeutic effect may take several weeks

· Maximum daily dose: 40 mg 

· Concomitant diuretic therapy:

· Initial dose: 5 mg, then titrate for optimal response as above

· Congestive heart failure:

· Initial dose. 5 mg daily then titrate if necessary up to 40 mg daily in 2 divided doses with concomitant diuretic and or cardiac glycosides

· Effective maintenance dose: 10-20 mg daily in 1·or 2 doses

Contra-indications 5()
:

· Angioedema history with ACE inhibitors or ARBs 

· Hereditary or idiopathic angioedema 

· Aortic stenosis

· Hypertrophic obstructive cardiomyopathy 

· Severe renal function impairment 

· Renal artery stenosis 

· Concomitant K+ sparing diuretics 

· Porphyria

· Children

· Pregnancy

· Lactation 

Side-effects 5()
:

· Angioedema 

· Blood dyscrasia 

· Orthostatic effects 

· CNS effects 

· Paraesthesia 

· Hyperkalaemia and hyponatraemia 

· Increased blood urea and serum creatinin levels

· GI disturbances

· Pancreatitis 

· Renal dysfunction and acute renal failure 

· Impotence 

· Hepatitis 

· Asthenia 

· Cough

· Bronchospasm

· Rhinitis and sinusitis 

· Skin reactions 

Special precautions 5()
: 

· Cerebrovascular disease

· Ischaemic heart disease 

· Salt and volume depleted patients 

· Severe autoimmune disorders 

· Renal dysfunction or renal transplant 

· Acute MI patients at risk of further haemodynamic deterioration after vasodilatation treatment 

· Bone marrow depression

· Diabetes mellitus 

· Hyperkalaemia 

· Renovascular disease 

· Anaphylactic reactions especially in patients being desensitised with hymenoptera venom or in haemodialysis using certain high-flux membranes

· Black patients have high incidence of angioedema 

· K+ sparing diuretics 

· Pregnancy

· Discontinue concomitant diuretic therapy 2-3 days before initial therapy 

· Surgery or anaesthesia  

Drug interactions 5()
:

· Hypotensive products, mediations, diuretics and alcohol

· Indomethacin and NSAIDs 

· K+ supplements

· Li+ 

Ramipril

Indication 5()
:

· Mild to moderate hypertension

· Cardiac failure following MI

· Reduced proteinuria and glomerular filtration rate decline in diabetic nephropathy and hypertension 

· Reduced risk of MI, stroke, or cardiovascular death and need for revascularisation procedure in patients with increased CV risk

· Reduced risk of MI, stroke or cardiovascular death in diabetic patients 

Dosage 5()
: 

· Administer as a single daily dose at approximately the same time each day 

· Hypertension: 

· Initial dose: 2.5 mg daily in patients not on diuretics

· Increase to 5 mg

· Maximum dose: 10 mg daily at 1-2 weeks, depending on response 

· Full therapeutic effect may take several weeks

· If desired effect is not achieved within 2-4 weeks increase dose 

· Post MI:

· Initial dose: 2.5 mg twice daily for 2 days, 3-10 days after acute MI.

· If heart failure manifests and patient is haemodynamically stable increase to 5 mg daily if well tolerated 

· If initial dose is not tolerated, initiate with 1.25 mg twice daily, increase to 2.5 mg twice daily 

· Non-diabetic and diabetic nephropathy: 

· Initial dose: 1.25 mg daily. Adjust according to clinical response

· Increase dose to 2.5 mg at 2-3 week intervals

· Maximum daily dose: 10 mg daily

· MI, stroke, CV death risk reduction:

· Initial dose: 2.5 mg once daily. Gradually increase dose to 5 mg after 1 weeks and 10 mg after 3 weeks if tolerated

· High risk individuals : 

· Discontinue diuretics 2-3 days before initial therapy 

· Where diuretics cannot be discontinued initiate therapy with 1.25 mg

· Subsequent dose adjustments are dependent on therapeutic response

Contra-indications 5()
:

· Angioneurotic oedema history 

· Hereditary or idiopathic angioedema 

· Aortic stenosis 

· Hypertrophic obstructive cardiomyopathy

· Severe impaired renal function

· Renal artery stenosis 

· K+ sparing diuretics 

· Porphyria

· Children

· Pregnancy

· Lactation 

Side-effects 5()
:

· Angioedema 

· Blood dyscrasia 

· Orthostatic effects

· Tachycardia 

· CNS effects

· Hyperkalaemia and hyponatraemia 

· GI-disturbances

· Renal dysfunction and acute renal failure 

· Impotence 

· Hepatitis

· Asthenia

· Cough 

· Bronchospasm 

· Rhinitis and sinusitis

· Skin reactions

Special precautions 5()
:

· Cerebrovascular or ischaemic heart disease

· Salt or volume depletion 

· Autoimmune disease

· Acute MI with evidence of renal failure, risk of hypotension or risk of further haemodynamic deterioration after vasodilatation treatment 

· Bone marrow depression

· Diabetes mellitus 

· Hyperkalaemia 

· Renovascular disease

· Impaired renal function

· Anaphylactic reactions with desensitisation protocols or high flux membrane dialysis

· Increased incidence of angioedema in black patients 

· Pregnancy

· Surgery or anaesthesia 

Drug interactions:

· K+ sparing diuretics, K+ supplements and K+ salts

· Diuretics, alcohol and anti-hypertensives

· Indomethacin and NSAIDs 

· Li+ 

Trandolapril
Indication 5()
:

· Mild to moderate hypertension

Dosage 5()
: 

· Initial dose: 0.5 mg as single daily dose.

· Increase dose after 2-4 weeks if desired response is not obtained

· Maintenance dose: 2 mg as single daily dose

· Maximum dose 4 mg

· Consider combination therapy if response is still unsatisfactory at 4 mg

· Diuretic treated patients: 

· In patients at risk from stimulated renin-angiotensin system, discontinue diuretics 2-3 days before therapy

· Initial dose: 0.5 mg to reduce likelihood of symptomatic hypotension 

· Diuretic may be resumed later if required

Contra-indications 5()
:

· Pregnancy

· Lactation

· Angioedema associated with previous ACE inhibitor or ARB therapy 

· Hereditary or idiopathic angioedema 

· Aortic stenosis 

· Hypertrophic obstructive cardiomyopathy 

· Renal artery stenosis

· Concomitant K+ sparing diuretics

· Porphyria

· Children 

Side-effects 5()
:

· Headache

· Dizziness

· Palpitations

· Cough

· Nausea 

· Pruritis

· Rash

· Asthenia 

· Bronchitis

· Agranulocytosis

· Leucopenia 

· Allergic and hypersensitivity reactions

· Hyperkalaemia and hyponatraemia

· Orthostatic effects 

· Dyspnoea

· GI disturbances

· Pancreatitis 

· Angioedema 

· Alopecia

· Sweating

· Fever

· Blood disorders

· Transient ischaemic attacks 

· Mood alterations 

· Mental confusion 

· Paraesthesia 

· Cardiac disorders 

· Cerebral haemorrhage 

· Bronchospasm

· Rhinitis and sinusitis 

· Hepatitis and jaundice 

· Skin and subcutaneous disorders

Special precautions 5()
:

· Cerebrovascular or ischaemic heart disease

· Impaired renal and liver function

· Correct volume and salt depletion before therapy

· Increased risk of renal failure especially in CHF

· Severe autoimmune disease such as SLE, collagen vascular disease, scleroderma and bone marrow depression 

· Acute MI if renal failure is evident or at risk of further haemodynamic deterioration after vasodilatation treatment

· Diabetes mellitus

· Hyperkalaemia 

· Renovascular disease 

· Renal artery stenosis and renal transplant 

· Anaphylactic reactions during desensitisation protocols and when exposed to high flux membrane dialysis or low density lipoprotein apheresis with dextran sulphite absorption 

· Angioedema

· Porphyria

· Elderly with concomitant diuretic use, CHF or renal or hepatic insufficiency 

· Surgery or anaesthesia 

Drug indications 5()
:

· Diuretics, anti-hypertensives and alcohol

· Inhaled anaesthesia 

· NSAIDs

· K+ sparing diuretics, K+ supplementation or K+ salts

· Li+
· Antidiabetic medication 

· Cytostatic or immunosuppressant agents

· Corticosteroids 

Angiotensin receptor blockers
Candesartan cilexetil

Indication 5()
:

· Mild to moderate hypertension alone or in combination with other anti-hypertensives
· Reduce mortality and hospitalisation due to HF and improves symptoms in left ventricular systolic dysfunction

Dosage 5()
:

· Hypertension:

· Initial dose: 8 mg once daily 

· Maintenance dose: 8-16 mg once daily

· Possible additional benefit by increasing dose to 32 mg once daily 

· May be used as monotherapy or in combination with other anti-hypertensives 

· Heart failure:

· Initial dose: 4 mg once daily 

· Titrate upwards to 32 mg once daily or highest tolerated dose by doubling dose at 2 week intervals 

· May be administered in combination with other HF treatment 

Contra-indications 5()
:

· Severe impaired renal and hepatic function 

· Pregnancy and lactation

· Renal artery stenosis 

· Aortic valve stenosis 

· Hypertrophic obstructive cardiomyopathy 

· Angioedema 

· Angiotensin receptor block or ACE inhibitor exposure 

· Galactose intolerance, Lapp lactase deficiency or glucose-galactose malabsorption 

Side effects 5()
:

· Respiratory infections 

· Dizziness 

· Headache 

· Hypotension

· Hyperkalaemia and hyponatraemia 

· Renal impairment 

· Blood dyscrasia 

· Liver enzyme increase 

· Abnormal hepatic function 

· Angioedema 

· Rash 

· Urticaria 

· Pruritis 

· Back pain

· Renal impairment 

Special precautions 5()
:

· Monitor serum K+ and creatinin levels in severely impaired renal function 

· Antihypertensive effects less in black patients 

· Discontinue immediately in pregnancy 

· Children 

· Salt and volume depleted patients 

· Renal arterial stenosis

· Renal transplant 

· Severe hepatic impairment or cholestasis 

· Aortic or mitral valve stenosis 

· Obstructive hypertrophic cardiomyopathy 

· Anaesthesia or surgery concomitant Li+ 

· Ischaemic cardio-myopathy or CV disease 

Drug interaction

· K+ sparing diuretics, K+ supplementation, K+ salts or drugs increasing K+ level

· Anti-hypertensives 

Eprosartan

Indication 5()
:

· Mild to moderate essential hypertension

Dosage 5()
: 

· Can be used alone or in combination with other anti-hypertensives such as diuretics or calcium channel blockers 

· Initial dose: 600 mg once daily, which may be increased 800 mg once daily if required

· Maximum BP reduction may take 2-3 weeks

· If once daily dosing is inadequate, consider using same dose as twice daily regimen

Contra-indications 5()
:

· Severe impaired renal and hepatic function 

· Pregnancy and lactation

· Children 

· Concomitant K+ sparing diuretic 

· Primary hyperaldosteronism

Side effects 5()
:

· Skin reactions 

· Asthenia 

· Elevated blood urea levels

· Dizziness 

· Headache 

· Hypotension

· Hyperkalaemia 

· Angioedema 

Special precautions 5()
:

· Renal arterial stenosis

· Impaired renal function risk with cardiac insufficiency 

· Elderly 

· Renal and hepatic impairment 

· Salt and volume depleted patients 

· Aortic or mitral valve stenosis 

· Obstructive hypertrophic cardiomyopathy 

· Concomitant Li+ 

· Ischaemic cardiomyopathy or CV disease 

Drug interactions 5()
:

· Concomitant anti-hypertensives 

Irbesartan

Indication 5()
:

· Essential hypertension alone or in combination with other anti-hypertensives 

· Diabetic nephropathy with elevated serum creatinine and proteinuria in type II diabetes and hypertension

Dosage 5()
:

· Initial dose: 150 mg once daily 

· If insufficient control is achieved the dose may be increased to 300 mg or other anti-hypertensives may be added

· Hypertension with type 2 diabetes and renal disease 

· Maintenance dose: 300 mg once daily 

Contra-indications 5()
:

· Children 

· Pregnancy

· Lactation

Side effects 5()
:

· Headache

· Dizziness 

· Fatigue

· Dyspepsia

· Nausea and vomiting 

· Chest pain

· Cough 

· Diarrhoea

· Sexual dysfunction 

· Tachycardia 

· Orthostatic hypotension 

· Hyperkalaemia 

· Hypersensitivity reactions

· Increased liver function tests 

· Jaundice 

Special precautions 5()
:

· Renal function change in susceptible  individuals 

· Stopped during pregnancy 

· Salt and volume depleted patients 

· Monitor patients at risk of hyperkalaemia 

Drug interactions 5()
:

· K+ sparing diuretics, K+ supplementation, K+ salts or drugs increasing K+ level

Losartan

Indication 5()
:

· Hypertension

Dosage 5()
:

· Initial and maintenance dose: 50 mg once daily

· Maximum effect attained 3-6 weeks after initiation 

· May be increased to 100 mg once daily

· May be administered with other anti-hypertensives
Contra-indications 5()
:

· Children 

· Pregnancy

· Lactation

Side effects 5()
:

· Dizziness 

· Headache 

· Migraine

· Insomnia 

· Symptomatic hypotension

· Symptomatic anaemia 

· Decreased Hb

· Neutropenia 

· Hyperkalaemia 

· Renal impairment 

· Taste disturbances 

· Pharyngitis 

· Cough 

· Tachycardia 

· Sinus disorders and nasal congestion 

· Acute pancreatitis

· Severe hepatotoxicity and cholestasis

· Angioedema 

· Rash 

· Urticaria 

· Atypical lymphoid infiltration 

· Pruritis 

· Back, leg and chest pain

· Abdominal pain

· Fatigue 

· Myalgia 

· Asthenia 

· Hyperkalaemia 

Special precautions 5()
:

· Adequate contraception for women of childbearing age 

· Renal arterial stenosis

· Renal and hepatic impairment 

· Salt and volume depleted patients 

· Aortic or mitral valve stenosis 

· Hypertrophic obstructive cardiomyopathy 

· CV disease 

Drug interactions 5()
:

· NSAlDs

· K+ sparing diuretics, K+ supplementation, K+ salts or drugs increasing K+ level

Telmisartan

Indication 5()
:

· Mild to moderate hypertension alone or in combination with hydrochlorothiazide

Dosage 5()
:

· Recommended dose: 40 mg once daily

· Increase to maximum of 80 mg once daily as indicated by response

· Alternatively in combination with low dose hydrochlorothiazide (12.5 mg)

· Maximum antihypertensive effect is attained 4-8 weeks after start of treatment 

Contra-indications 5()
:

· Severe impaired renal and hepatic function 

· Pregnancy and lactation

· Children 

· Renal artery stenosis 

· Aortic stenosis 

· Hypertrophic obstructive cardiomyopathy 

· Angioedema 

· Porphyria 

· Concomitant Li+ and K+ sparing diuretics 

· Biliary obstruction disorders 

· Angiotensin receptor block or ACE inhibitor exposure 

Side effects 5()
:

· Insomnia 

· Depression 

· Syncope 

· Fainting 

· Visual disturbances

· Bradycardia 

· Tachycardia 

· Hypotension

· Angioedema 

· Back and chest pain

· Myalgia 

· Arthralgia 

· UTI

· URTI

· Hyperkalaemia 

· Blood dyscrasia

· Hypersensitivity reactions 

· Abnormal hepatic function 

· Rash 

· Skin reactions 

· Eczema 

· Erythema 

· Urticaria 

· Pruritis 

· Leg cramps 

· Vertigo 

· Dyspnoea 

· Dry mouth 

· Sweating 

· Renal impairment and acute renal failure 

· Weakness 

· Flu-like symptoms 

Special precautions 5()
:

· Monitor serum K+ and creatinin levels in severely impaired renal function

· Monitor plasma digoxin and Li+ levels  

· Antihypertensive effects less in black patients 

· Discontinue immediately in pregnancy 

· Salt and volume depleted patients 

· Renal arterial stenosis

· Primary aldosteronism 

· Aortic or mitral stenosis 

· Hepatic impairment 

· Biliary obstruction disorders 

· Obstructive hypertrophic cardiomyopathy 

· Concomitant NSAIDs

· Concomitant medication that effects the rennin-angiotensin-aldosterone system 

· K+ sparing diuretics, K+ supplementation, K+ salts or drugs increasing K+ level

· Ischaemic cardiomyopathy  or CV disease 

Drug interactions 5()
:

· Concomitant anti-hypertensives 

· Digoxin 

· Li+ 

· NSAIDs 
Valsartan

Indication 5()
:

· Mild to moderate hypertension
Dosage: 

· Recommended dose: 80 mg once daily
· Substantial effect present within 2 weeks
· Maximum effect after 4 weeks
· May be increased to 160 mg daily or a diuretic may be added in patients not adequately controlled with other anti-hypertensives
Contra-indications 5()
:

· Pregnancy

· Lactation 

· Children 

· Renal impairment
Side-effects 5()
:

· Hypotension 

· CNS effects 

· Viral infections 

· UTI 

· Cough 

· GI disturbances
· Rhinitis, sinusitis 

· Back pain
· Pharyngitis 

· Arthralgia 

· Oedema 

· Decrease in libido 

· Hypersensitivity reactions 
· Cardiac failure 

· Hypotension 

· Renal impairment 

· Fatigue 

· Asthenia 

· Decrease Hb and haematocrit 

· Neutropenia 
Special precautions 5()
:

· Teratogenicity reported in experimental animals 

· Salt and volume depleted patients

· Monitor blood urea and serum creatinine in patients with renal artery stenosis 

· Access renal function in post-MI and HF patients 
Drug interactions 5()
:

· K+ sparing diuretics, K+ supplementation, K+ salts or drugs increasing K+ level 
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CARDIOVASCULAR AGENTS: Drug class overview

Anti-anginal agents

Beta-receptor blockers
See anti-hypertensives: β-receptor blockers 
Atenolol

Indication 1()
: 

· Angina pectoris 

· Hypertension
Dosage 1()
:

· Angina pectoris: 100 mg daily as a single or divided dose
Propranolol

Indication 1()
:

· Angina pectoris 

· Essential and renal hypertension 

· Senile and Parkinson tremor 

· Anxiety related autonomic symptoms 

· Anxiety tachycardia 

· Cardiac dysrhythmia and triggered by symphathetic over-stimulation 

· Reduce CV mortality post MI

· Thyrotoxicosis and thyrotoxic crisis adjunct

· Hyperthrophic obstructive cardiomyopathy

· Pheochromocytoma 

· Migraine prophylaxis 
Dosage 1()
:

· Angina pectoris: Initial dose: 40 mg 2-3 times daily 

· Adequate response in anxiety and essential tremor seen at 80-160 mg per day 

· Adequate response in angina and hypertension at 120-320 mg per day 

· Further BP reduction in hypertension possible with the addition of diuretics or anti-hypertensives 

Beta-receptor blockers

Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
Organic nitrates
Organic nitrates have been used for decades for the treatment of stable angina, acute myocardial infarction, chronic congestive heart failure, pulmonary oedema and severe arterial hypertension 2()
. Organic nitrates act as vasodilators of a variety of vessels 2()
. It seems that the mechanism responsible for the vasodilation is independent of the endothelium 2()
. Organic nitrates are biotransformed predominantly in the intacellular space of the vessel smooth muscle 2


( ADDIN EN.CITE , 3)
. The transformation give rise to nitric oxide (NO) which activates the NO-signalling pathways, giving rise to downstream regulators such cyclic guanosine monophosphate (cGMP) which in return decreases intracellular Ca2+ 2


( ADDIN EN.CITE , 3)
. Decreasing intracellular Ca2+ leads to vasodilation 2


( ADDIN EN.CITE , 3)
. 

Unfortunately, patients may develop nitrate tolerance which would reduce the effects of the organic nitrates, limiting their use 2()
. 
Glyceryl trinitrate
Indication 1()
:

· Angina pectoris 

Dosage 1()
:

· Onset of angina: 0.5 mg, seek medical attention if pain persists for more than three doses taken within 15 min

· Prophylaxis: 0.5 mg, 5-10 min prior to activity

Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
Inosorbide 5-mononitrate
Indication 1()
:

· Long-term angina pectoris prophylaxis 

Dosage 1()
: As monotherapy or in combination with β-blockers 

· 20-120 mg daily 

· Dose may be titrated initially to minimise possible headache by beginning with a low dose for the 1st 2-4 days 

Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
Isosorbide dinitrate
Indication 1()
:

· Treatment and prevention of angina pectoris attacks 

· Temporary aid in acute MI prior to hospitalisation 

Dosage 1()
: 

· Spray: 2-3 doses of 1.25 mg in buccal cavity at 30 sec intervals, or 

· Tablets: 5-10 mg sublingually every 2-3 hours
Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
Nitroglycerin

Indication 1()
:

· Treatment and prevention of angina pectoris attacks 
Dosage 1()
: 

· During attack spray: 1-3 doses of 0.4 mg sublingually at 2 min intervals
· Prophylaxis spay: 1 dose of 0.4 mg sublingually

Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
Other anti-anginal agents

Ivabradine
Unlike Ca2+ channel blockers or β-receptor blocker, ivabradine is a blocker of the f channel in the pace maker cells of the sinus node 4


( ADDIN EN.CITE , 5)
. Inhibition of this channel, blocks the If current decreasing the heart rate and is therefore more effective at a higher heart rate 4


( ADDIN EN.CITE , 5)
. 

Ivabradine is a safe alternative to the current anti-anginal agents with limited side-effects 4


( ADDIN EN.CITE , 5)
.

Indication 1()
:

· Chronic stable angina pectoris in patients with normal sinus rhythm where β-blockers are contra-indicated or not tolerated
Dosage 1()
:

· Initial dose: 5 mg twice daily
· May be increased after 2-4 weeks to 7.5 mg twice daily depending on therapeutic response

· Titrate dose downwards if heart rate decreases below 50 bpm at rest or symptoms of bradycardia is experienced
Contra-indications; Side-effects; Special precautions; and Drug interactions 1()
: See MIMS monthly or MDR for detail
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CARDIOVASCULAR AGENTS: Drug class overview 

Other vasodilators
Alprostadil
Alprostadil is a prostaglandin E1 agonist, which has numerous effects on blood flow 1()
. Alprostadil causes vasodilation by acting directly on the vascular and ductus arteriosus smooth muscle, preventing or reversing the closure of the ductus arteriosus, increasing pulmonary or systemic blood flow 1(, 2)
. In erectile dysfunction alprostadil relaxes smooth muscle by dilation of cavernosal arteries when injected along the penile shaft 2()
. 

Indication 1(, 3)
:

· Palliative therapy to temporary maintain patency of ductus ateriosus in neonates having ductus-dependent congenital heart defects until corrective or palliative surgery can be performed
· Erectile dysfunction 
Dosage 3()
: 0.1 mg/kg/min by continuous IV infusion till desired response is achieved. Decrease to lowest maintenance dose 

Contra-indications 3()
:

· Hyaline membrane disease 

Side-effects 3()
:

· Flushing

· Bradycardia 

· Hypotension

· Tachycardia 

· Cardiac arrest

· Oedema 

· CHF

· Hyperaemia 

· Pneumopericardium 

· 2nd degree heart block

· Shock

· Right ventricular infundibulum spasm

· Ventricular fibrillation 

· Ventricular hypertrophy

· Fever 

· Apnoea

· Seizures 

· Cerebral bleeding 

· Neck hyperextension 

· Hyperirritation 

· Hypothermia 

· Jitteriness 

· Lethargy

· Microcephaly

· Stiffness

· Bradypnoea, tachypnoea

· Bronchial wheezing, pneumothorax and respiratory depression or distress

· Diarrhoea and gastric regurgitation 

· Biliary atresia and hyperbilirubinaemia 

· Disseminated intravascular coagulation 

· Hypochromic anemia

· Thrombocytopenia 

· Renal failure 

· Polycystic kidneys 

· Sepsis

· Peritonitis 

· Hypo- or hyperkalaemia 

· Hypoglycaemia 

· Tachyphylaxis 

Special precautions 3()
:

· Bleeding tendencies

· Monitor arterial pressure 

· Ventilation 

· Cortical proliferation of long bones with long-term infusion 

· Gastric outlet obstruction secondary to antral hyperplasia 

Nimodipine 

See Anti-hypertensives: calcium channel blockers 

Peripheral vasodilators

Non-specific phosphodiesterase inhibitors 

Papaverine
Paraverine, an opiate derivative directly acts on arterial smooth muscle 4(, 5)
. Although the complete mechanism of action is not clear, it relaxes the smooth muscle by inhibiting phosphodiesterase 4(, 5)
. 
Indication 3()
:

· Dilate and increase arterial or venous blood flow by intragraft administration during coronary bypass 

· Prevents and alleviates dissection or handling induced graft spasm by perigraft administration during coronary artery bypass surgery 

Dosage 3()
: Maximum of 30 mg 

Contra-indications 3()
:

· Complete AV heart block

Side-effects 3()
:

· GI disturbances 

· Facial flushing 

· Headache 

· Drowsiness

· Skin rash 

· Sweating 

· Vertigo

· Arrhythmia

· Tachycardia 

· Hepatitis 

Special precautions 3()
:

· Glaucoma 

· Do not add to Lactated Ringer's injection

Pentoxifyline

Indication 3()
:

· Symptomatic relief of peripheral occlusive arterial disease (intermittent claudication) with or without trophic disorders 

· Lower leg ulcers 

· Raynaud’s disease 

Dosage 3()
: 400 mg 2-3 times daily

Contra-indications 3()
:

· Methylxanthine hypersensitivity 

· Cerebral or extensive retinal haemorrhage 

· Acute MI

· Porphyria 

· Concomitant ketorolac 

· Pregnancy and lactation 

Side-effects 3()
:

· GI disturbances 

· Facial flushing 

· CVS 

· Thrombocytopenia 

· Cholestasis 

· Pruritis

· Urticaria

· Anaphylactic reactions 

· CNS effects 

· Angina pectoris 

· Hypotension 

· Haemorrhage with increased bleeding tendencies 

Special precautions 3()
:

· Cirrhosis 

· Severe cardiac arrhythmia 

· MI

· Hypotension 

· Ischaemic heart disease 

· Impaired renal and liver function 

· Increased bleeding tendencies

· Diabetes mellitus 

Drug interactions 3()
. 

· Anti-hypertensives

· Insulin 

· Theophylline 

cGMP-specific phosphodiesterase type 5 inhibitor
Phosphodiesterases are a large family of enzymes. Sildenafil, is a selective inhibitor of phosphodiesterase-5 6()
. Sildenafil prevents the hydrolysis of cyclic guanine monophosphate (cGMP), elevating the levels of cGMP enhancing the release of nitric oxide 6()
.
Sildenafil

Indication 3()
:

· Pulmonary arterial hypertension 

Dosage 3()
: 20 mg three times daily

Contra-indications 3()
:

· Nitric oxide donors, organic nitrates or nitrites 

· Potent P450 3A4 inhibitors 

· Ritonavir 

· Severe hepatic or renal impairment 

· Pulmonary veno-occlusive disease 

· Pregnancy and lactation 

· Children 

Side-effects 3()
:

· Severe cardiac events 

· Headache and migraine 

· Tremor 

· Paraesthesia or hypoaesthesia 

· Burning sensation  

· Visual disturbances 

· Vertigo 

· Bronchitis 

· Epitaxial

· Rhinitis 

· Cough 

· Alopecia 

· Erythema 

· Myalgia 

· Gynaecomastia 

· Pyrexia 

· Weight gain 

· Hearing loss 

Special precautions 3()
:

· MI, stroke or life threatening arrhythmia within last 6 months 

· Hypo- or hypertension 

· Cardiac disease resulting in unstable angina

· Retinitis 

· Pigmentosa

· Underlying cardiovascular disease 

· Deformed penis conditions predisposing priapism

· α-blockers

· bleeding disorders 

· Active peptic ulcer 

· Epitaxis

· Vit K antagonists

· Previous non-arteritic ischaemic optic neuropathy  

Drug interactions 3()
: 

· Nitroprusside

· Cytochrome P450 inhibitors and inducers 

· α-blockers

After-load reducers

Buflomedil
Buflomedil is an α1-receptor antagonist exerting its action on the receptors of the vascular smooth muscle 7


( ADDIN EN.CITE , 8)
. By blocking these receptors, buflomedil causes vasodilation in peripheral circulatory disorders without marked effects on blood pressure. In addition to its vasodilatory effects, buflomedil also exhibits anti-platelet aggregation potential as it is able to block the plasma membrane receptors of ADP and adrenalin, prevention platelet activation and thus aggregation 9()
.
Indication 3()
:

· Functional peripheral vascular disease

Dosage 3()
: 450-600 mg in divided doses

Contra-indications 3(, 10)
:

· Severe renal impairment 

· Immediately post-partum

· Arterial bleeding 

Side-effects 3(, 10)
:

· Headache

· GI disturbances 

· Vertigo 

· Nausea and vomiting 

· Fainting

· Skin itching and redness 

Special precautions 3(, 10)
:

· Convulsive disorders 

· Impaired renal function

· Children and adolescents 

Isosorbide dinitrate
Isosorbide dinitrate is an agent that causes vasodilation by donation of nitric oxide. Refer to anti-anginal agents: organic nitrates

Indication 3()
:

· Severe angina pectoris 

· Acute MI

· Acute left ventricular failure 

Dosage 3()
: Diluted in NaCl/ dextrose 

· Initial dose: 1-2 mg/ hour adjusted to each individual

· Maximum dose: 8-10 mg/ hour 

· Heart failure patients may require dose up to 10 mg/ hour and in individual cases up to 50 mg/ hour 

Contra-indications 3()
:

· Anaemia 

· Cerebral haemorrhage 

· Uncorrected hypovolaemia 

· Severe hypotension

· Increased IOP

· Increase IC pressure 

· Constrictive pericarditis 

· Cardiogenic shock

· Vascular collapse

· Children 

· Within 48 hours of taking phosphodiesterase 5 inhibitors 

Side-effects 3()
:

· Headache

· Nausea and vomiting 

· Symptoms of cerebral ischaemia 

· Hypotension

· Flushing

· Dizziness

· Tachycardia 

· Restlessness 

· Syncope

· Impaired respiration 

· Methaemoglobinaemia 

· Bradycardia 

· Allergic skin reactions 

· Enhanced angina symptoms 

· Heartburn 

· Myocardial hypoxia especially in coronary artery disease 

Special precautions 3()

· Pregnancy and lactation 

· Low filling pressure 

· Hypertrophic obstructive cardiomyopathy 

· Pericardial tamponade 

· Aortic or mitral stenosis 

· Orthostatic disturbances of circulatory regulating tendencies 

· Increased IC pressure 

· Postural hypotension 

· Severe renal or hepatic impairment 

· Tolerance 

Vasoconstrictors

Etilefrine 
The sympathetic nervous system plays an important role in the control of venous capacitance 11()
. During acute hypotension, the baroreflex system responds and increases the sympathetic tone and resistance and therefore increases blood pressure 11()
. The sympathetic receptors found in the vascular smooth muscle involved in the regulation of venous tone are the α1- and α2-receptors 11()
. 

Etilefrine, a potent vasoconstrictor, is an agonist at the α1- and β1-receptor of the vascular smooth muscle and heart 12()
. Etilefrine vasocontrictive effects are used to reverse the hypotensive action of epidural and spinal anaesthesia 12()
.
Indication 13()
:

· Hypotension in circulatory failure 

· During anaesthesia

· Post-operatively 

Dosage 13()
:

· Adults: 30-60 mg/ml daily 

· Children under 1 year: 5-10 mg/ml daily 

· Children 4 years of age: 15 mg/ml daily 

· Children 8 years of age: 10-20 mg daily 

· Children 13 years of age: 15-30 mg/ml daily 

Contra-indications 13()
:

· Pheochromocytoma

· Narrow angle glaucoma 

· Thyrotoxicosis

· Prostate hyperthrophy with urinary retention 

· Hypertension

· Coronary heart failure 

· Hypertrophic obstructive cardiomyopathy 

· 1st trimester pregnancy 

· Lactation 

Side-effects

· Palpitation

· Tachycardia 

· Anxiety 

· Sweating 

· Insomnia 

· Nausea 

· Tremor 

· Pressing sensation in head 

· In hypersensitive patients with angina pain

· Cardiac arrhythmia 

· Unwanted BP increase 

Special precautions 13()
:

· Firstly exclude heart valve or central arterial stenosis as the cause of the hypotension 

· Cardiac arrhythmia 

· Tachycardia 

· Severe CV disorders 

· Pregnancy 

Drug interaction 13()
:

· Guanethidine

· Corticosteroids 

· Sympathomimetic or agents with sympathomimetic activity 

· Halogen aliphatic hydrocarbons 

· β-blockers 

Ornipressin
Besides the RAAS and sympathetic system, there is another system that plays a major role in venous constriction. This system is known as the vasopressin system 11()
. Vasopressin, an endogenous hormone extracted from the pituitary, is also known as the anti-diuretic hormone 14()
. Vasopressin’s main function is to increase water retention 14()
. Vasopressin receptors are mostly are mostly found on vascular smooth muscle, binding of an agonist to these receptors leads to vasoconstriction particularly in the mesentery, skin and skeletal tissues 14()
. Ornipressin is an analogue of the naturally occurring vasopressin and acts on the vasopressin receptor subtype 1 (V1) and mimics the effects of the natural agonist on vascular smooth muscle 15()
.
Indication 13()
:

· To induce ischaemia of the operative field by local application 

· As adjuvant therapy in bleeding oesophageal varices by systemic administration

Dosage 13()
:

· 1 IU in 10 ml saline or local anaesthesia 

· Maximum dose for tissue infiltration is 5 IU

· Gynaecological surgery and laparotomy:

· 5 IU in 50-60 ml saline

· ENT surgery: 

· 5-10 IU in 50-60 ml saline 

· Topical application in ophthalmic surgery and bleeding control using tampons

· 5 IU in 30 ml saline or local anaesthesia 

· As adjuvant therapy in bleeding oesophageal varices

· 20 IU in 100 ml saline infusion over 20 min

Side-effects 13()
:

· Pallor

· Severe CV incidence associated with immeasurable peripheral BP

· Pulmonary oedema

· GI disturbances 

· High doses constrict coronary arteries and blood supply to pregnant uterus 

· Cardiac arrhythmia 

· Angina pain

Special precautions 13()
:

· Additional vasoconstricting agents 

Anticoagulants
Traditional anticoagulants such as Vitamin K antagonists (VKA) and unfractionated heparin are the only agents available for long term use. Unfortunately these agents, especially warfarin have important limitations. VKA have a small therapeutic window, plenty of drug-drug and drug-food interactions as well as unpredictable coagulation effects. Patients thus have dietary and drug restrictions and the inconvenience and added costs of routine coagulation monitoring and dose adjustments 16-19


( ADDIN EN.CITE )
.

Direct thrombin inhibitors

Direct thrombin inhibitors such as dabigatran etexilate act as anticoagulants by directly inhibiting the thrombin molecule 17()
. Thrombin, an enzyme converts fibrinogen into fibrin, if it is blocked it cannot complete this function 17()
. Furthermore if thrombin is inhibited it cannot, amplify its own generation or act as a platelet agonist 17()
. Dabigatran etexilate, unlike heparin can also inhibit thrombin bound to fibrin 17()
. 
Dabigatran etexilate
Indication 20()
:

· Venous thromboembolism prevention in patients undergoing hip and knee replacement 

Dosage 20()
:

· Maximum duration of therapy is 28 days

· Total dose of 200 mg once daily

· Initiate within 1-4 hours of completion of surgery with 110 mg, follow with 220 mg daily for 10-28 days 

Contra-indications 20()
:

· Severe renal impairment 

· Haemorrhage manifestation or impairment 

· Bleeding diatheses

· Moderate to severe hepatic impairment 

· Patients at risk of bleeding including haemorrhage stroke within the last 6 months 

· Indwell or epidural catheter and during the 1st hour after the removal thereof

· Concomitant warfarin, unfractionated heparin, heparin derivatives, low molecular weight heparin, fondaparinux, desirudin, thrombolytic agents, GPIIb/IIIa receptor antagonists, clopidogrel, ticlopidine, dextran, sulfinpyrazone and vitamin K antagonists

· Pregnancy and lactation

· Children 

Side-effects 20()
:

· Bleeding or signs of bleeding 

· Anaemia 

· Haematoma 

· Wound haemorrhage 

· Haemarthrosis 

· Thrombocytopenia 

· Epitaxis 

· Ecchymosis 

· Abnormal liver function test 

Special precautions 20()
:

· Treatment should be delayed if haemostasis is not secure

· Reduce dose in patients taking amiodarone, patients with moderate renal impairment and elderly with age-related renal function decline 

· aPTT test may help determine excess anticoagulation in active patients as no test are currently available to monitor coagulation frequent neurological signs and symptoms observation required

· Concomitant NSAIDS 

· Wait 24 hours after the last dose before switching to parenteral anticoagulants 

· When switching from parenteral anticoagulants do not initiate therapy before the next scheduled parenteral dose 

· Monitor for bleeding after recent biopsy of major trauma or bacterial endocarditis 

Drug interaction 20()
:

· Amiodarone 

· Vitamin K antagonists 

· Pantoprazole 

Direct and indirect Xa inhibitors 

Direct Xa inhibitors, also known as “xabans” bind to the active site of Factor (F) Xa, preventing the conversion of fibrinogen into fibrin. In contrast to indirect FXa inhibitors, such as fondaparinux, “xabans” inactivate not only free FXa but FXa that has been incorporated within the prothrombinase complex 16


( ADDIN EN.CITE , 17)
. 

Rivaroxaban
Indication 20()
: 

· Venous thrombo-embolic prevention in patients undergoing major lower limb or orthopaedic surgery 

Dosage 20()
: 

· 10 mg once daily
· Initial dose should be given within 6-10 hours after surgery provided haemostasis is established

· Treatment duration depends on type of surgery, after major hip surgery for 5 weeks and after major knee surgery for 2 weeks 

Contra-indications 20()
: 

· Clinical significant active bleeding 

· Significant hepatic disease associated with coagulopathy leading to clinical bleed risk 

· Pregnancy and lactation 
· Hereditary lactose or .galactose intolerance 
· Children 
Side-effects 20()
: 

· Occult or overt bleeding resulting in post haemorrhagic anaemia 

· Thrombocythemia  

· Tachycardia 
· GI disturbances 
· Local or peripheral oedema  

· Unwell feeling  

· Fever 
· Abnormal hepatic function 

· Allergic dermatitis
· Wound secretions 

· Extremity pain 

· CNS effects

· Renal impairment 

· Pruritis 

· Skin rash 

· Urticaria  

· Contusion 
· Hypotension 
Special precautions: 

· Congenital or acquired bleed disorders 

· Uncontrolled severe arterial hypertension 

· Acute ulcerative GI disorders 

· Vascular retinopathy 

· Recent intracranial or intracerebral haemorrhage 

· Shortly after brain and spinal or ophthalmological surgery 

· Severe renal impairment 

· Concomitant azole-antimycotics, HIV protease inhibitors or medications affecting  haemostasis 

· Monitor bleed complications 

· Consider possible bleeding in presence of unexplained Hb or BP decrease 

· Only use with effective contraceptive in women of childbearing potential
· Risk of epidural or spinal haematoma with neuraxial anaesthesia or spinal puncture which is increased with indwelling epidural catheter or concomitant medications affecting haemostasis, traumatic or repetitive epidural or spinal puncture 

· Monitor neuraxial anaesthesia patients for signs and symptoms of neurological impairment. 

· Evaluate the risk vs. benefit of neuraxial anaesthesia in thromboprophylaxis anticoagulation or to be anticoagulated patients 

· Do not withdraw epidural catheter earlier than 18 hours after administration 

· Administer only 6 hours after removal of epidural catheter 

· Delay administration for 24 hours if traumatic puncture occurs 

· Placental changes
· Moderate hepatic impairment

· Severe renal impairment  

Drug interactions: 

· CYP3A4 inhibitors and inducers  

· Clopidrogrel  

Fondaparinux
Indication 20()
: 

· Reduce the risk of venous thrombo-embolic events in patients undergoing major orthopaedic surgery of the lower limbs or patients undergoing abdominal surgery who are at risk of thrombo-embolic complications 

Dosage 20()
: 

· Administer the initial dose 6 hours following surgical closure provided haemostasis has been established 
· 2.5 mg subcutaneously once daily for 5-9 days and as long the risk of venous thrombo-embolic events persist. 

Contra-indications 20()
: 

· Acute major bleeding  

· Severe renal impairment 

· Infective endocarditis 

· Pregnancy and lactation 
· Body weight less than 50kg
· Patients who have undergone surgery of the brain, eye, ear or spinal cord or who those who have brain, eye, ear or spinal cord injuries 

· Intamuscular administration 
· HIT-type II 

· Children 
Side-effects 20()
: 

· Post-operative wound infections  

· Anaemia or bleeding  

· Purpura 

· Thrombocytopenia 

· Thrombocythaemia
· Abnormal platelets 
· Coagulation reaction 

· Allergic reactions  

· Hypokalaemia 

· Insomnia

· Headache
· Anxiety 

· Confusion 

· Dizziness 
· Somnolence 
· Vertigo
· GI disturbances 

· Hypotension 
· Dyspnea 
· Cough 
· Abnormal liver function test 

· Increased hepatic enzymes 
· Bilirubinaemia 
· UTI
· Urinary retention 

· Rash 
· Pruritus 

· Wound secretions  

· Oedema and periphoedema 

· Fever 
· Injection site reactions 
· Chest or Ieg pain 

· Fatigue 
· Flushing 
· Syncope  

Special precautions 20()
: 

· Epidural or spinal haematoma resulting in long-term or permanent paralysis cannot be excluded with concurrent use and spinal or epidural anaesthesia or spinal puncture 

· Epidural or spinal haematoma risk is high with post-operative use of indwelling epidural catheters or concomitant medications affecting haemostasis 
· Remove epidural and spinal catheter 

· Not interchangeably unit for unit with heparin, low molecular  weight heparins or heparinoids 

· Haemorrhagic risk is increased with increased renal impairment 
· Moderate renal impairment 
· Assess renal function periodically during treatment and discontinue immediately if severe renal impairment or labile renal function develops 

· Patients under 50 kg 

· Severe hepatic impairment 

· Conditions with increased haemorrhagic risk 

· Discontinue in unexpected changes in coagulation parameters, major bleeding or platelet count falls below 100000/mm3 occurs 

· Monitor for thrombocytopenia 

· Patients with a history of HIT, discontinue agents that may enhance haemorrhagic risk before initiation of treatment 
Heparin and low molecular weight heparins 

Thrombin and the clotting factors of the intrinsic and extrinsic coagulation pathways’ ultimate goal is haemostasis and thus the formation of a thrombus, to prevent over production thrombi, several naturally occurring protease inhibitors exist limiting thrombosis 21()
. One such protease inhibitor is anti-thrombin III with the function to maintain the fluidity of the blood 21()
. 

Heparin and low molecular weight heparins enhance the activation of anti-thrombin III by binding to it, causing a conformational change in the enzyme 21(, 22)
. Activated anti-thrombin III inactivates thrombin and several of the clotting factors (Factors XIIa, XIa,IXa, Xa) 21()
. 

Heparin is used in the management of deep vein thrombosis, prevent primary and secondary acute coronary syndromes and prevent reoccurring embolic stroke 22()
. Unfortunately, heparin binds to several plasma proteins, altering its anticoagulation response and clearance from the plasma 22()
. Fractioning heparin led to the development of low molecular weight heparins, which are able to overcome the drawbacks of heparin 22()
. The low molecular weight heparins are, as the name implies, smaller in size than unfractionated heparin but retained most of the functions of heparin with less potential to cause bleeding and a predictable anticoagulation response 22()
. 
Heparin 

Indication 20()
: 

· Thrombo-embolitic disease (arterial and venous)

· Extracorporeal circulation in open heart surgery

· Post-operative deep vein thrombosis prophylaxis 

· Haemodialysis procedures 

· Acute MI adjunctive treatment

· Long-term treatment where warfarin is contra-indicated

· Selected cases of disseminated intravascular coagulation 

Dosage 20()
: 

· Acute venous thrombosis and pulmonary embolism 
· Intermittent IV administration: 40000-70000 units in 4-6 divided doses/ 24 hours
· Continuous IV infusion preferably at 25000-40000 units/ 24 hours 

· Deep vein thrombosis prophylaxis 

· Administer initial dose 12 hours before surgery and maintain until patient is fully mobilised

· High risk: 5000 units subcutaneously 8 hourly
· Low to intermediate risk: 5000 units subcutaneously 12 hourly 

· Extracorporeal circulation in open heart surgery 
· Recommended dose: 2000 units in each 500 ml unit of blood and 150 units/kg bm at same time as arterial cannula insertion. Dose must be repeated when infusion starts 

· Haemodialysis procedures 

· Recommended dose in regular repetitive dialysis patients: Total dose on each occasion 10000-15000 units delivered by infusion pump adjust to ensure continuous heparin infusion rate through dialysis 

· Long-term management of patients in whom warfarin therapy is contra-indicated

· Administer 7500-15000 units subcutaneously 12 hourly or 250 unit/kg bm 12 hourlv
· Adjust to coagulation tests 
Contra-indications 20()
: 

· Haemorrhagic bleeding disorders 

· Acute or suspected haemorrhage
· Haemorrhagic risk conditions 

· Recent severe heparin- induced thrombocytopenia 
Side effects 20()
:

· Haemorrhage 
· Thrombocytopenia , 

· Allergic reaction
· Alopecia 
· Aldosterone suppression
· Rebound hyperlipaemia  

· Osteoporosis or spontaneous and compressed fractures following long-term administration 

Special precautions: 

· Severe renal or hepatic insufficiency 
· Elderly 
· Pregnancy 
· History of allergic reactions 

· anti-coagulation therapy and agents affecting platelet function
· monitor PTT with concomitant IV nitroglycerine 

Drug interactions 20()
: 

· Digitalis 
· Tetracycline  

· Nicotine 
· Antihistamines 

· Anticoagulants 

Low molecular weight heparin

Dalteparin

Indication 20()
:

· Acute deep vein thrombosis

· Prevent thrombus formation in extracorporeal circulation during haemodialysis and haemofiltration in connection with acute renal failure or chronic renal insufficiency 

· Surgical thrombo-embolism prophylaxis in moderate to high risk patients including patients with malignancies 

· Unstable coronary artery disease 

Dosage 20()
:

· Acute deep vein thrombosis

· 200 IU/kg bm subcutaneously as single daily dose not exceeding 18000 IU. Simultaneous anticoagulation with oral vitamin K antagonists can be started immediately. Combine therapy for at least 5 days until prothrombin complex level have decreased to therapeutic level

· Prevent thrombus formation in extracorporeal circulation during haemodialysis and haemofiltration in connection with acute renal failure or chronic renal insufficiency 

· Chronic renal failure with no known bleeding risk: 

· Haemodialysis and haemofiltration for a maximum of 4 hours: 5000 IU only as IV bolus injection

· Procedure for more than 4 hours: IV bolus injection 30-40 IU/kg bm followed by IV infusion of 10-15 IU/kg bm/hour 

· Acute renal failure with high bleeding risk

· IV bolus injection 5-10 IU/kg bm followed by IV infusion of 4-5 IU/kg bm/hour. plasma levels within 0.2-0.4 IU anti-Xa/ml

· Surgical thromboprophylaxis in moderate risk patients

· 2500 IU subcutaneously 1-2 hours pre-operatively and thereafter 2500 IU subcutaneously every morning for 5-7 days depending on the mobility of the patient

· Surgical thromboprophylaxis in high risk patients

· 5000 IU subcutaneously the evening before the operation, 5000 IU subcutaneously the following evening and continue for 5-7 days until patient is mobilised or alternatively 2500 IU subcutaneously 1-2 hours pre-operatively, 2500 IU 8-12 hours later and on following days 5000 IU subcutaneously each morning

· Prolonged thromboprophylaxis in hip replacements

· 5000 IU subcutaneously evening before operation, 5000 IU the following evening and continue for 5 weeks or alternatively 2500 IU subcutaneously 1-2 hours pre-operatively, 2500 IU subcutaneously 8-12 hours later and on the following days 5000 IU each morning for 5 weeks

· Unstable coronary artery disease

· 120 IU/kg bm subcutaneously twice daily with a maximum dose of 10000 IU/12 hours. Continue for 6 days or as required 

· In patients awaiting revascularisation, administer until day of invasive procedure 

· After initial stabilisation (5-7 days) of 120 IU/kg, administer a fixed dose of 5000 IU for women < 80 kg and men < 70 kg or 7500 IU for women > 80 kg and men > 70 kg twice daily 

· Total treatment should not exceed 45 days 

· Administer concomitant low dose acetylsalicylic acid 

Contra-indications 20()
:

· Heparin, heparin derivatives or low molecular weight heparins hypersensitivity

· Heparin associated with thrombocytopenia 

· Threatened abortion 

· Severe uncontrolled hypertension

· Severe anticoagulation disorders 

· Acute bleeding 

· Patients at risk of haemorrhage including peptic ulcer

· Haemorrhagic bleeding disorders 

· Haemorrhagic diathesis 

· Thrombocytopenia 

· Cerebrovascular disorders 

· Surgery or injury to the brain, eye, ear or spinal cord

· Lumber puncture 

· Regional anaesthesia in adjunction with acute deep vein thrombosis treatment and acute unstable coronary artery disease due to increased bleeding risk

· Pregnancy and lactation 

· Infective endocarditis

· Do not use low molecular weight heparins interchangeably 

Side-effects: 20()

· Bleeding in the presence of associated risk factors and high doses

· Local haematoma 

· Osteoporosis following long-term use 

· Thrombocytopenia with or without arterial and or venous thrombosis or thromboembolism 

· Local reactions and skin necrosis 

· Anaphylactic reaction 

· Cutaneous or systemic allergic reactions 

· Hepatitis

· Blood dyscrasis 

· No intramuscular injections 

Special precautions 20()

· Failed therapy and consequent clot formation and obstruction reports in presence of prosthetic heart valves 

· Neuraxial anaesthesia or spinal puncture high risks involved, monitor for signs and symptoms of neurological impairment frequently

· Considerer risk to benefit ratio before neuraxial intervention in anticoagulated thromboprophylaxis patients

· Rapidly developing and severe thrombocytopenia 

· Thrombocytopenia

· Platelet defects 

· Severe hepatic or renal insufficiency 

· Uncontrolled hypertension

· Hypertensive or diabetic retinopathy 

· High doses in newly operated patients 

· Prolongation of aPTT may lead to overdose 

· Anti-Xa-level monitor with haemodialysis 

· Increased bleeding risk in coronary artery disease and Mi patients 

· Possible toxicity for premature infants after benzyl alcohol administration 

· Elderly

Drug interaction 20()
:

· Agents that may affect haemostasis 

Enoxaparin

Indication 20()
:

· Prevention of post-operative venous thromboembolism and embolism in high and moderate risk patients 

· Venous thromboembolism prophylaxis in bedridden patients

· Treatment of deep vein thrombosis 

· Prevention of ischaemic complications of unstable angina or non-Q-wave MI within 24 hours of onset

· Prevent thrombus formation in extracorporeal circulation during haemodialysis

Dosage 20()
:

· Post-operative venous thromboembolism and embolism prophylaxis 

· High risk orthopaedic surgery: 40 mg daily subcutaneously with 1st injection 12 hours pre-operatively. Continue for 7-10 days after surgery or as long as patient is not ambulatory. Continue with 40 mg daily for 3 weeks in total hip replacement

· Moderate risk general surgery: 20 mg daily subcutaneously with 1st injection 2 hours pre-operatively. Continue for 7-10 days after surgery or as long as patient is not ambulatory 

· Venous thrombosis prophylaxis in medicated patients

· 40 mg daily subcutaneously, continue for a minimum of 6 days and continue till fully ambulatory or a maximum of 14 days

· Deep vein thrombosis treatment


· 1 mg/kg 12 hourly subcutaneously. Continue till a therapeutic anticoagulant effect is achieved. Treatment is usually continued for 5-10 days and initiate oral anticoagulation therapy when appropriate 

· Prevention of extracorporeal thrombus during haemodialysis

· 1 mg/kg. Reduce dose to 0.5 mg/kg in patients with high risk of haemorrhage for double vascular access or 0.75 mg/kg for singular vascular access. Introduce into arterial line of the circuit at beginning of session for a 4 hour session. A further dose of 0.5-1 mg/kg if necessary 

Contra-indications 20()
:

· Heparin, heparin derivatives or low molecular weight heparins hypersensitivity

· Heparin associated with thrombocytopenia 

· Acute bleeding 

· Patients at risk of haemorrhage including peptic ulcer

· Haemorrhagic bleeding disorders 

· Thrombocytopenia 

· Cerebrovascular disorders 

· Infective endocarditis and severe or uncontrolled hypertension

· Pregnancy and lactation

· Children 

· Venous thrombosis and embolism treatment at home

· Prosthetic heart valves 

Side-effects: 20()

· Bleeding in the presence of associated risk factors 

· Fatal retroperitoneal and intra-cranial bleeding 

· Intraspinal haematoma with concurrent anticoagulant use and spinal or epidural anaesthesia 

· Risk of haematoma is increased with high dosage regimens, post-operative epidural in-dwelling catheter or concomitant agents affecting haemostasis

· Thrombocytopenia with or without arterial thrombosis 

· Local reactions 

· Cutaneous or systemic allergic reactions 

· Hepatitis

· Blood dyscrasis 

· No intramuscular injections 

Special precautions 20()
:
· Failed therapy and consequent clot formation and obstruction reports in presence of prosthetic heart valves 

· Neuraxial technique should be avoided during administration of pre-operative dose 

· Delay placement or removal of catheter for 10-12 hours after deep vein thrombosis prophylaxis administration 

· Delay placement or removal of catheter for 24 hours after deep vein thrombosis prophylaxis in patients receiving high doses 

· If signs and symptoms of spinal haematoma is suspected, initiate spinal cord decompensation treatment 

· Low molecular weight heparins cannot be used interchangeably  

· Allow vascular access sheath to remain in place 6-8 hours after subcutaneous administration and do not administer next dose 6-8 hours after sheath removal. Observe the site for bleeding or haematoma formation

· Standard clotting tests cannot be done to monitor treatment

· Severe hepatic or renal insufficiency 

· Conditions with increased bleeding potential 

· Elderly

· Women < 45 kg and men < 57 kg have an increased bleeding risk, monitor carefully 

Drug interaction 20()
:

· Discontinue agents that may affect haemostasis prior to therapy unless strictly indicated 

Nadroparin

Indication 20()
:

· Deep vein thrombosis prophylaxis which may lead to pulmonary embolism in patients undergoing hip or knee replacement surgery or abdominal surgery when at risk of thromboembolitic complications 

· Deep vein thrombosis treatment

Dosage 20()
:

· Deep vein thrombosis prophylaxis in hip or knee replacement surgery

· Individualise dose according to bm. Administer initial dose 12 hours pre-operatively followed by a dose 12 hours after surgery 

· Days 1-3: 38 IU Axa/kg once daily

· Day 4 onwards: 57 IU Axa/kg once daily

· Administer for at least 10 days 

· Deep vein thrombosis prophylaxis in abdominal surgery

· 2850 IU Axa 2 hours pre-operatively followed by a dose 8 hours after surgery 

· 2850 IU Axa daily for 7 days

· Deep vein thrombosis treatment 

· Dose adjusted to body weight. Administer dose twice daily for 10 days

Contra-indications 20()
:

· Intramuscular or intravenous use 

· Heparin, heparin derivatives or low molecular weight heparins hypersensitivity

· Peptic ulcer

· Large open surface wounds 

· Severe hepatic or renal impairment 

· Haemorrhagic bleeding disorders

· Acute or suspected haemorrhage

· Thrombocytopenia 

· Aneurysm 

· Vasculitis 

· TB

· Visceral cancer

· Intracranial tumour

· Suring or after surgery of the eye, brain or spinal cord or trauma thereof 

· Prior to lumber puncture or regional anaesthesia 

· Infective endocarditis and pericarditis 

· Hypertension

· Threatening abortion

· Recent child birth 

· Pregnancy and lactation

· Children 

· Prosthetic heart valves 

Side-effects: 20()

· Bleeding 

· Thrombocytopenia

· Allergic reaction 

· Cutaneous necrosis 

· Local reaction

· Eosinophillia 

· Rebound hyperlipidaemia 

· Priapism

· Hypoaldoseronism 

· Osteoporosis 

· Fracture risk 

· Alopecia 

· Do not use low molecular weight heparins interchangeably 
Special precautions 20()
:

· Impaired hepatic and renal function

· Monitor platelet count throughout treatment 

· Significant decrease in platelet count 

· Worsening of initial thrombosis while on therapy 

· Disseminated intra-vascular coagulation 

· Substitution with fraxparine should not be considered where thrombocytopenia has occurred with another heparin or low molecular weight heparin

· Concomitant oral anticoagulants which affect platelet function

· Concomitant IV nitroglycerine 

Drug interaction 20()
:

· Digitalis

· Tetracyclines 

· Nicotine 

· Antihistamines 

Warfarin 
Vitamin K antagonists, such as warfarin, inhibit multiple steps in the coagulation cascade as they reduce the synthesis of vitamin K dependent coagulation factors, disrupting the clotting cascade 17


( ADDIN EN.CITE , 23)
. These agents successfully reduce the risk of recurrent ischaemic events, both as monotherapy and in combination with aspirin and are therefore indicated for the prevention and treatment of venous thrombo-embolisms and stroke in patients with atrial fibrillation 17


( ADDIN EN.CITE , 24)
. 

Yet warfarin’s pharmacokinetics and pharmacodynamics are influenced by the patient’s genetic profile, drug-drug and drug-food interaction as well as alcohol 24()
. Patients require frequent monitoring and individualised dosing to ensure an INR within warfarin’s narrow therapeutic range 24()
.

Indication 20()
: 

· Prevention and management of deep vein thrombosis and pulmonary embolism

· Prevention of thrombo-embolism in atrial fibrillation, prosthetic heart valves, post MI treatment of transient ischaemic attacks 

Dosage 20()
: 

· Individualise dose according to PT or INR

· Initial dose usually ranges within range of 10-15 mg daily for 3 days
· Maintenance dose ranges from 2-10 mg daily
· Give dose at same time each day 

Contra-indications 20()
: 

· Haemorrhagic states
· Peptic ulcers and other GI diseases involved in bleeding 

· Condition involving bleeding form respiratory or genito-urinary tract 

· Severe wounds, including surgical wounds  

· Infective endocarditis 
· Impaired renal or hepatic function

· Hypertension

· Cerebrovascular haemorrhage

· Cerebral or aortic aneurysm 

· Pericarditis 
· Pericardial effusion 

· Recent or contemplated neurological or ophthalmic surgery 

· Polyarthritis 

· Vitamin C deficiency 
· Major regional blocking anaesthesia 
· Inadequate laboratory facilities or poor patient co-operation

· Pregnancy and lactation 
· Threatening abortion 

· NSAIDs
Side-effects 20()
: 

· Haemorrhage 
· Skin necrosis
· Purple toe syndrome 
· Alopecia 
· Fever 
· Nausea and vomiting 
· Diarrhoea 
· Hypersensivity and skin reactsion 

Special precautions 20()
: 

· No abrupt cessation 

· Elderly 
· Vitamin K deficiency  

· Hyperthyroidism 
· Regular Prothrombin time determination 
· Close liaison between doctors in patients undergoing surgery or dental procedures  

· Prolonged dietary deficiencies 
· Infective disorders 
· Intestinal flora disturbances 

· Sprue 
· Antibiotic therapy  

· Polycythaemia vera 

· Vasculitis 
· Severe diabetes 

· Allergic or anaphylactic disorders
· Good patient instructions  

· Possible prothrombin time increased in carcinoma and decreased in diabetes mellitus 
· Collagen disorders  

· CHF
· Diarrhoea 
· Elevated temperature  

· Hepatic disorders 

· Infective hepatitis  

· Jaundice 
· Poor nutritional state 

· Oedema  

· Hereditary resistance to warfarin therapy 

· Hypothyroidism 
· Hyperlipaemia 
Drug interactions 20(, 23)
: 

· Agents that enhance the anticoagulant effect: 
· Sulphonamides 
· Sulphonylurea-type antidiabetic agents 
· Clofibrate 
· Cimetidine 
· Pyrazolones, aspirin and other NSAIDs 
· Aanabolic steroids 
· Sulphinpyrazone 
· Thyroid hormone 
· Disulfiram and amiodarone 
· Allopurin, 

· Danazol 
· Diazoxide  

· Metronidazole 
· Aminoglycosides 
· Alcohol 
· Miconazole 
· Triclofos 

· Chloral hydrate 

· Chloramphenicol 
· Phenytoin 
· Erythromycin  

· Quinidine 
· Dextropropoxyphene 

· Vitamin E
· Glucagon 

· Agents that diminish the anticoagulant effect:

· Barbiturates 
· Rifampicin and glutethimide  
· Oestrogens 

· Carbamazepine 

· Griseofulvin 

· Glucocorticosteroids 
· Cholestyramine 
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CARDIOVASCULAR AGENTS: Drug class overview

Platelet aggregation inhibitors
During circulation, platelets are pushed to the side of the vessel walls with no interaction taking place. Once the vessel wall is damaged such as from a stenosis or partial occlusion, von Willebrand Factor (vWF), released by the damaged cells, coats the damaged area including the newly exposed collagen 1()
. The platelets attach to the wound site by binding to vWF or fibrinogen via glycoprotein IB and IA, cross-linking platelets the site of injury 2()
. Furthermore, platelets are activated by binding to the exposed collagen or vWF or by physiological agonists such as adenosine diphosphate (ADP), thromboxane A2 and thrombin 3()
. Thromboxane A2, produced from arachidonic acid originating from phospholipid membrane bind to the thromboxane receptors whereas ADP, secreted from the platelets’ dense granules, bind to P2Y12 and P2Y1 receptors 4()
. Activated platelets form pseudopods that aid in aggregation by forming bridges with plasma fibrinogen and vWF between platelets 
 ADDIN EN.CITE 
(5-7)
.
Irreversible cyclooxygenase inhibitors

Aspirin 

Aspirin is able to irreversibly bind and inhibit the cycloogenase and therefore the formation of thromboxane A2, thereby reducing thromboxane mediated platelet activation and aggregation 8(, 9)
. Although low-dose aspirin is effective in reducing the risk in both primary and secondary vascular events in patients, the multifactorial origin of atherothrombosis may lead to treatment failure or aspirin “resistance” 8


( ADDIN EN.CITE , 10)
. 
Indication 11()
:
· Reduced MI risk in patients with unstable angina or patients who have had previous MI

· Reduced risk of recurrent transient ischaemic attacks 

· Stroke in men who have had transient brain ischaemia due to fibrin platelet emboli

· Reduced risk of graft occlusion following aorta coronary by-pass surgery
Dose 11()
:

· 100 -300 mg daily at the same time each day

Contra-indications 11()
:

· Peptic ulcer 

· Haemophilia 

· Severe renal impairment

· Oral anticoagulants

· 1st and 3rd trimester pregnancy 

· Lactation 

· GI bleeding or perforation related to NSAIDs 

· Acute or history of recurrent ulcer, haemorrhage or perforation 

· Heart failure 
Side effects 11()
:

· GI irritation or erosion 

· Dyspepsia 

· Ulceration 

· Haematemesis and malaena 

· Nausea 

· Vomiting 

· Diarrhoea 

· Flatulence 

· Constipation 

· Ulcerative stomatitis 

· Crohn’s disease and colitis exacerbations

· Gastritis 

· Dizziness 

· Increased bleeding time 

· Bleeding dyscrasia and Fe deficient anaemia with prolonged high doses

· Renal papillary necrosis

· Oedema 

· Hypertension 

· CF

· Hypersensitivity reactions including paroxysmal bronchospasm and dyspnea or bullous reactions including Steven Johnson syndrome and toxic epidermal necrolysis 
Special precautions 11()
:

· Hypertensive history of heart failure due to possible fluid retention or oedema 

· Increased frequency of NSAID adverse reactions especially GI bleeding or perforation in elderly

· GI bleeding or perforative risk increased with higher doses in ulcer history and elderly

· GI disturbances history

· Discontinue at 1st sign of hypersensitivity or GI bleeding or ulceration

· Withdraw 1 week before surgery because of possible increased bleeding time

· Allergic reactions more common in asthmatic patients

· Impaired renal function

· Dyspepsia

· Anaemia

· Dehydration 
Drug interactions 11()
:

· Other GI irritating NSAIDs 

· Coumarin anticoagulants

· Methotrexate

· Oral anti-diabetic sulphonamic enhancers

· Anti-platelet agents

· SSRI’s

· Corticosteroids

· Anti-gout medications

· Barbiturates and sedation enhancers

· Aspirin toxicity and possible masked respiratory symptoms 
Adenosine diphosphate (ADP) receptor inhibitors

The platelet P2Y12 ADP receptor is central to the activation and therefore aggregation of the platelet 9()
. Clopidogrel and prasugrel and inhibits the platelet P2Y12 ADP receptor irreversibly 4(, 9)
. Clopidogrel is able to reduce the risk a cardiovascular event significantly if it is taken before a percutaneous coronary intervention (PCI) 
 ADDIN EN.CITE 
(9, 12)
.
Clopidogrel

Indication 11()
:

· Reduction of atherosclerotic events in patients with history of symptomatic atherosclerotic disease defined by MI from a few days until < 35 days or ischaemic stroke from < 7 days until < 6 months or established arterial disease

Dose 11()
:

· 75 mg as a single dose daily

Contra-indications 11()
:

· Active bleeding

· Children 

· Pregnancy and lactation 

· Severe hepatic impairment 

· Thrombocytopenia 

· Platelet dysfunction
Side effects 11()
:

· Thrombotic thrombocytopenia purpura (TTP)

· Bruising

· Haematuria 

· Severe neutropenia 

· GI, intracranial, operative wound and retroperitoneal haemorrhage 

· Haematoma

· Eye, musculoskeletal, respiratory tract bleeding

· Aplastia

· Anaemia

· Haemorrhagic ulcer

· Haemothorax

· Haemorrhagic CNS effects

· Chest pains

· Atrial fibrillation

· Palpitations

· Oedema

· Hyper- or hypotension

· Vasculitis

· URTI

· Bronchitis

· Dyspnea

· Cough

· Rhinitis

· Bronchospasm

· Interstitial pneumonitis

· GI disturbances

· Tooth disorders

· Pancreatitis 

· Hepatitis

· Acute hepatic failure

· UTI

· Glomerulopathy 

· Skin rash including erythema multiforme, Steven Johnson syndrome and toxic epidermal necrolysis

· Pruritus
· Urticaria 

· Arthalgia 

· Back pain

· Gout 

· Leg cramps

· Myalgia

· Arthritis 

· General flu-like symptoms

· Fatigue 

· Asthenia 

· Fever

· Hypersensitivity reaction 

Special precautions 11()
:

· Warn patients of TTP S&S 

· Dental and surgical procedures 

· Increased acute bleeding risks

· Concomitant medication that can increase the bleeding risk

· Discontinue 7 days prior to surgery if anti-platelet is not desired

· Patients to be aware that bleeding may take longer than usual to stop

· Not recommended in CABG

· Renal impairment

· Moderate hepatic disease 
Drug interactions 11()
:

· Acetylsalicylic acid

· Heparin 

· Increase concentration of plasma level of drugs metabolised by CYP2C9

Prasugrel

Indication 13()
: 

· Co-administered with acetylsalicylic acid to reduce atherothrombotic events in acute coronary syndromes undergoing percutanous coronary intervention in patients with unstable angina or non-ST-segment elevation MI management with percutaneous coronary intervention or ST-segment elevation MI management with primary or delayed percutaneous coronary intervention 

Dosage 13()
: 

· Concomitant aspirin between 75-325 mg daily
· Initiate with single 60 mg loading dose, thereafter 10 mg once daily
· Patients less than 60 kg in weight: Initiate single 60 mg loading dose, thereafter 5 mg once daily
· Patients over 75 years of age:  Initiate single 60 mg loading dose, thereafter consider 5 mg as alternative to 10 mg once daily.
Contra-indications 13()
: 

· Active pathological bleeding 
· Severe hepatic disorders 

· Pregnancy and lactation 
· Children 
Side-effects 13()
: 

· Thrombolysis in MI 

· Intracranial haemorrhage 
· Overt bleeding with Hb fall of 3-5 g/dl

· Haematoma
· Epistaxis  

· Haemoptysis 
· Puncture site haemorrhage or haematoma 

· GI, rectal, gingival, retroperitoneal bleeding 

· Ecchymosis 
· Haematuria 
· Eye haemorrhage 
· Akin rash
· Anaemia  

Special precautions 13()
: 

· TlA or history of stroke

· >75 years

· Propensity to bleeding 
· Body weight <60 kg
· Concomitant medications increasing bleeding risk 

· Discontinue 7 days prior to elective surgery if antiplatelet effect is not desired  

· Concomitant warfarin or NSAIDs

Drug interactions 13()
: 

· Warfarin 
Glycoprotein IIB/IIIA inhibitors

Glycoprotein IIB/IIIA inhibitors are a group of pharmaceutical agents that include abciximab and tirofiban and used as potent parenteral platelet aggregation inhibitors 14()
. 

Glycoprotein IIB/IIIA inhibitors block the glycoprotein IIB/IIIA receptors on the surface of platelets, preventing platelet aggregation 2()
.
Abciximab

Indication:

Abciximab is indicated as adjunct therapy to heparin and aspirin therapy for the prevention of ischaemic complications in patients undergoing PCI 11()
. Furthermore abciximab is indicated for short-term MI risk reduction in unstable angina patients not responding to conventional therapeutic scheduling for percutaneous coronary intervention 11()
. 
Dose 11()
:

Adults:

· 0.25 mg/kg as IV bolus followed immediately by 0.125 μg/kg/min as a continuous infusion

· Maximum dose: 10 μg/min

Stabilisation of unstable angina patients:

· Administer bolus dose followed by infusion up to 24 hrs before possible intervention and conclude 12 hrs thereafter

Prevention of ischaemic cardiac complications in patients undergoing PCI not currently receiving infusion:

· Administer bolus 10-60 min before intervention followed by infusion for 12 hrs.
Contra-indications 11()
:

· Murine monoclonal antibodies sensitivity

· Active internal bleeding

· CVA history over the last 2 years

· Major surgery within the last 2 months

· Intracranial or intraspinal bleeding or trauma

· Intracranial neoplasma

· Arterioventricular malformation or aneurysm

· Known bleeding diathesis

· Severe uncontrolled hypertension

· Pre-existing thrombocytopenia

· Vasculitis

· Hypertensive or diabetic retinopathy 

· Severe hepatic or renal failure

· Pregnancy and lactation

· Children and patients over the age of 80 yrs

Side effects 11()
:

· Bleeding events such as intracranial and pulmonary haemorrhage

· Back or chest pain

· Hypotension

· Nausea and vomiting

· Headache

· Bradycardia

· Fever

· Puncture site pain or thrombocytopenia

· Cardiac tamponade 

· Respiratory distress

· Hypersensitivity and allergic reactions including anaphylaxis 

· Appearance of human antichimeric antibody at low titre
Special precautions 11()
:

· Potential bleeding sites

· Pre-treatment with H2-receptor blocker or liquid antacid

· Possible hypersensitivity or allergic reaction when re-administered after previous monoclonal antibody therapy

· Administer only in special facility

· Favourable risk to benefit ratio not established in low risk patients older than 65 yrs

· Monitor patients before administration

· Medication affecting haemostasis

· Bleeding risk and ICH appears highest the sooner abciximab is administered after application of thrombolytic

· Avoid systemic fibrinolytic state, administration of fresh platelets reverse platelet inhibitory effects

· Seek advice of expert haematologist where haemostasis is not adequately restored

· Monitor platelet count prior to treatment, 2-4 hrs after bolus administration and at 24 hrs

· See literature concomitant heparin therapy if patient’s active clotting time (ACT) is < 200 sec prior to start of PTCA procedure 

· See literature for recommended bleeding precautions regarding arterial access site and femoral sheath insertion

· Do PT and APTT to identify pre-existing coagulation disorders

· HB and haematocrit measurements prior to administration followed by 12 hrs after bolus administration and again at 24 hrs

· 12 lead ECG’s to be done prior to bolus administration, repeat on return to ward and 24 hrs after bolus administration and again at 24 hrs

· Monitor patient’s vital signs hourly for the first four hours, followed by 6 hourly and then every 24 hours

· Administer via separate IV line

· Use filters to remove any micro-aggregates

· Limited experience with concomitant thrombolytics

· Benefits are possibly reduced in renal disorders 
Drug interactions 11()
:

· Increased bleeding incidences with heparin

Tirofiban

Indication:

Tirofiban is used in combination with heparin to prevent cardiac ischaemic events in patients with unstable angina or non-Q-wave MI 11()
. It is furthermore indicated in patients with coronary ischaemic syndrome undergoing coronary angioplasty or atherectomy to prevent cardiac ischaemic complications related to abrupt closure of treated coronary artery 11()
.
Dose 11()
:

Avoid prolonged loading infusions. Take care in calculating bolus dose and infusion rate based on patient’s weight

Unstable angina or non-Q-wave MI

· Administer in combination with heparin

· Infusion rate: 0.4 μg/kg/min for 30 min

· Maintenance dose: 0.1 μg/kg/min
Angioplasty or atherectomy

· Administer in combination with heparin

· Initial bolus 10 μg/kg over 3 min
· Maintenance infusion rate of 0.15 μg/kg/min for 36 hrs

Contra-indications:

· Active internal bleeding or history of diathesis bleeding within the last 30 days

· History of intracranial haemorrhage or neoplasm

· Arterioventricular malformation or aneurysm

· Thrombocytopenia history

· History of major surgery or trauma within the 30 days

· CVA history within the last 30 days

· Stroke history

· History, symptoms or findings suggesting aortic dissection

· Severe hypertension

· Acute pericarditis

· Concomitant use of other GP IIB/IIIA

· Pregnancy and lactation

· Children 

Side effects:

· Increase in bleeding events

· Nausea and vomiting

· Fever

· Headaches

· Chills

· Hypersensitivity reactions 
Special precautions:
· Severe renal insufficiency 

· Platelet count < 150000 mm3 and haemorrhagic retinopathy

· Concomitant medication that inhibits haemostasis

· Monitor potential bleeding

· Discontinue immediately if bleeding uncontrollably with pressure

· See literature for recommended bleeding precautions regarding arterial access site and femoral sheath insertion

· Monitor platelet count and haemoglobin prior to treatment and 6 hrs after bolus infusion and every 24 hrs thereafter

· Monitor anticoagulant effects of heparin and adjust dose accordingly 
Drug interactions:

· Concomitant heparin and aspirin associated with an increase in bleeding time
Adenosine re-uptake inhibitors

Dipyridamole

Dipyridamole inhibits the reuptake of adenosine into platelets, leading to increased extracellular concentrations of adenosine that result in vasodilation 15


( ADDIN EN.CITE , 16)
. Binding of adenosine with its receptor stimulates adenylate cyclase activity and production of cyclic AMP (cAMP) 15


( ADDIN EN.CITE , 16)
. Platelet activation is dependent on the balance between ionized calcium and cAMP level in the cytosol 15


( ADDIN EN.CITE , 16)
. Adenosine binding results in the release of stored calcium activates several calcium-dependent proteases that aid in platelet activation and conformational change 15


( ADDIN EN.CITE , 16)
.
Indication 11()
:

Adjunctive to oral anticoagulants for prophylaxis of thrombo-embolism associated with mechanical prosthetic heart valves. Dipyridamole is also used for secondary prevention of ischaemic stroke and TIA prevention in aspirin. 
Dose 11()
:

· 200 mg twice daily with meals

Contra-indications 11()
:

· Haemodynamic instability following a MI, uncontrolled CF or unstable angina pectoris

· Circulatory relapse 

· Pregnancy and lactation

· Children.
Side effects 11()
:

· GI disturbances

· Dizziness

· Headache

· Myalgia

· Hypotension

· Hot flushes

· Tachycardia

· Worsening of coronary heart disease or angina symptoms

· Hypersensitivity reactions, including severe bronchospasm

· Increased bleeding during or after surgery

· Thrombocytopenia

· Incorporated into gallstones 
Special precautions 11()
:

· Severe coronary arterial disease
· Subvalvular aortic stenosis

· Left ventricular outflow obstruction 

· Haemodynamic instability

· No additional IV administration with oral therapy 

· Myasthenia gravis

· Coagulation disorders

· Concomitant anticoagulant or acetylsalicylic acid
Drug interactions 11()
:

· Increased plasma level and CV effects of adenosine 

· Acetylsalicylic acid effects on platelet behaviour additive

· May increase hypotensive effects of blood pressure lowering medication

· May counteract anticholinesterase effects of cholinesterase inhibitors
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METABOLIC
METABOLIC DISEASES: Drug class overview

Anti-diabetic agents

In type 2 diabetes mellitus, the actions and secretions of insulin is impaired, and early stages of insulin resistance can be managed with life style modifications and oral anti-diabetic drugs. If lifestyle modifications fail to control blood glucose levels, patients are placed on monotherapy oral anti-diabetic drugs. However as the disease progress, monotherapy may become inadequate and a combination of anti-diabetic drugs is required 1-3


( ADDIN EN.CITE )
. Further progression on the disease may lead to the failure of insulin secretion by the β-pancreatic cell as these cells are lost and patients may require insulin therapy. The loss in cells leads to a reduction in the “incretin effect”, which upregulates insulin secretion after oral ingestion of glucose 1


( ADDIN EN.CITE , 2)
. 

Insulins

Several types of insulins are available, these include human insulin, rapid acting insulin analogues, neutral protamine hagedorn insulin (NPH) and long-acting insulin 4()
. These insulins vary in pharmacological profiles of biological activity, such as in their time of action onset, time to peak concentration and duration of action and therefore the clinical indications 4()
.

Insulin therapy aims to imitate both basal and prandial physiological hormone secretion to achieve near-normal glycaemia 4()

Indication 5()
:

· Diabetes mellitus where insulin treatment is required
Dosage 5()
:

· 100 IU/ml, tailor to patient’s needs 
Human insulin 
Regular human insulin is used as a meal-time insulin for glycaemic control in diabetic patients requiring insulin 4()
. Patients are advised to administer the insulin around 30 min before a meal as human insulin starts its action 30-45 min after injection and lasts for around 6-8 hours 4()
.

Dosage 5()
: 

· Subcutaneous, intramuscular or intravenous injection 

Contra-indications 5()
: 

· Hypoglycaemia 

Side-effects 5()
: 

· Lipohypertrophy with repeated subcutaneous injections at the same site 

· Hypersensitivity reactions 

· Hypoglycaemia 

Special precautions 5()
: 

· Decreased hypoglycaemia warning signs when changing from animal to human insulin  

· Dose changes in pregnancy and lactation 

· Requirement possibly increased during infection, emotional stress, accident or surgical trauma and puberty 

· Insulin requirement decreased in renal or hepatic impairment 

· Dose adjustment with increased physical activity or diet change

· Regular monitoring 

Drug interactions 5()
: 
· ACE inhibitors 

· Alcohol 

· Anabolic steroids 

· Aspirin 

· β-receptor blockers 

· Disopyramide 

· Fenfluramine 

· Guanethidine 

· MAOl’s 

· Mebendazole 

· Octreotide 

· Tetracycline 

· Amitriptyline 

· β-receptor blockers 

· Chlordiazepoxide 

· Chlorpromazine 

· Ca2+ channel blockers 

· Corticosteroids 

· Diazoxide 

· Li 2+

· Thiazide diuretics 

· Thyroid hormones 

· Cyclophosphamide 

· Isoniazid 
Rapid acting insulin analogues 

Rapid acting insulins were developed to overcome the pharmacokinetic limitations of regular human insulin 4()
. Rapid acting insulins have an altered amino acid sequence which have been suggested to improve the glycaemic control of diabetic patients 4()
. Rapid acting insulins include insulin glulsine, aspart and lispro 4()
.
Insulin glulisine

Dosage 5()
: 

· Administer 15 min before or immediately after a meal
· Administer by subcutaneous injection or continuous pump infusion 
· May mix with NPH human insulin 

· Indivualise dose according to patients needs 

· Use in regimen that includes long acting insulin or basal insulin analogue
Contra-indications 5()
: 

· Pregnancy and lactation 
· Children 
· Mixture of any other insulins in cartridge 

· IV admin of mixture 

· Mixing with diluents or any other insulin when used with insulin infusion pump 

Side effects 5()
: 

· Hypoglycaemia 
· Injection site reactions 

· Local hypersensitivity reactions 

· Lipodystrophy if injection sites not rotation   

· General systemic hypersensitivity reactions potential life threatening  

Special precautions 5()
: 

· Monitor possible hyper- or hypoglycaemia 

· Elderly
· Renal or hepatic impairment 
· Short duration of action required long acting insulin to maintain control 

· Transfer patients to other types 
· Possible concomitant oral antidiabetic dose adjustment 
· Concomitant illness or infection 

Drug interactions 5()
: 
· Oral antidiabetic agents
· ACE inhibitors 

· Disopyramide  

· Fibrates 

· Fluoxetine 

· MAOI
· Pentoxifylline 

· Propoxyphene 

· Salicylates 

· Sulphonamide antibiotics 
· Corticosteroids 

· Danazol 

· Diazoxide 

· Diuretics 

· Glucagon 

· Isoniazid 

· Oestrogen and progesterone 

· Phenothiazides 

· Somatropin 

· Sympathomimetics 

· Thyroid hormones
· Protease-inhibitors 

· Atypical antipsychotic medications 

· β-blockers

· Clonidine 

· Li+ salts 
· Alcohol 
· Pentamidine  
Insulin aspart 

Dosage 5()
: 

· Administer as continuous subcutaneous insulin infusion, subcutaneous injection or intravenously immediately before or after a meal due to fast onset of act. 

· Use in combination with intermediate – or long-acting insulin administration once daily

· May be used during pregnancy and lactation and in children 2 years and older 

Contra-indications 5()
: 

Hypoglycaemia

Side-effects 5()
: 

· Hypo- or hyperglycaemia 

· Transient oedema  

· Local hypersensitivity reactions

· Lipodystrophy at injection site

· General hypersensitivity reactions 

Special precautions 5()
: 

· Mixing with insulins of animal origin 

· Mixing with human isophane insulin not recommended 

· Take precaution to avoid hypoglycaemia whilst driving 

Warnings 5()
: 

· Warning signs of hypoglycaemia possibly less pronounced

· Concomitant disease or medications which may delay food absorption 

· Requirement possibly increased by illness or infections 

· Requirement possibly decreased by impaired renal or hepatic function 

· Transfer patients to other types under strict supervision 

Drug interactions 5()
: 

· Oral hypoglycaemic agents

· Octreotide 

· MAOI's

· β-receptor blockers 

· ACE inhibitors 

· Salicylate 

· Alcohol 

· Anabolic steroids 

· OC's

· Thiazides 

· Glucocorticosteroids 

· Thyroid hormones

· Sympathomimetics 

· Danazol 

Insulin lispro

Dosage 5()
: 

· Subcutaneous or intravenous administration 15 min before or at mealtimes or soon after meals 

Contra-indications 5()
: 

· Hypoglycaemia 
Side-effects 5()
: 

· Lipodystrophy
· Insulin resistance 
· Hypoglycaemia 
· Hypertension 
Special precautions 5()
: 

· Quick acting and short duration 

· Warning symptoms of hypoglycaemia possibly less pronounced 

· Impaired renal or hepatic function 

· Adjust dose during illness, emotional disturbances or increased physical activity 
· Pregnancy 

· Patients under 18 years 

· Diet changes
· May be combined with LA insulin or oral sulphonylureas
Drug interactions 5()
: 

· OC’s
· Corticosteroids 

· Thyroid replacement therapy
· Oral antidiabetic agents
· Salicylates 

· Antibiotics 

· MAOI’s 

· ACE inhibitors 

· Angiotensin II receptor blockers 
· β-receptor blockers 
NPH insulin (isophane)
NPH insulin, an intermediate acting insulin, is the current standard for basal insulin in the blood glucose lowering therapy in people with type 2 diabetes mellitus 6


( ADDIN EN.CITE , 7)
. NPH insulins are a collection of extended formulations which comprise insulin and insulin analogues co-crystallized with zinc, phenol or meta-cresol and the basic peptide protamine 7()
. NPH insulin has a variable peak increasing the risk of hypoglycaemia 7()
. 
Indication 5()
:

· Diabetes mellitus 
Contra-indications 5()
: 

· Hypoglycaemia 
Side-effects 5()
: 

· Lipodystrophy
· Insulin resistance 
· Hypersensitivity reactions 

· Hypoglycaemia 
Special precautions 5()
: 

· Requirement possibly increased during illness or emotional disturbances 

· Insulin requirement reduced in the presence of renal or hepatic impairment 

· Not to be given intravenously 

· Pregnancy and lactation 

· Dose adjustment with increased physical activity or diet change 

· Drug interactions 5()
: 
· β-receptor blockers 
· Agents with hyperglycaemic activity 
· Agent with hypoglycaemic activity 
· Thyroid replacement therapy
Long acting insulins 

“New insulins” or long acting insulin analogues are a group of recombinantly produced, structurally modified human insulin molecules 8(, 9)
. Compared to fast acting normal insulin, the modified protein structure of long acting insulin analogues ensures more consistent release during the day with no distinct insulin peaks 10(, 11)
. The decrease in peaks leads to lower glucose levels after meals and improvement in overall glycemic control 12()
. Long acting insulin analogues are therefore used to maintain the basal insulin concentration of basal-bolus insulin regimens 13()
.

Currently two long acting insulin analogues are available: insulin detemir and insulin glargine.

Insulin glargine, 
In the insulin glargine molecule, glycine has been substituted for asparagine at position A21 and two arginine molecules have been added at position B30. This alteration in the amino acid composition altered the solubility of the molecule at normal pH. As the molecule is soluble in an acidic environment, at pH7 the molecule forms microcrystals at the injection site, leading to slower steadier absorption of the insulin 8(, 10)
.
Contra-indications 5()
: 

· Children under 6 years old 

· Diabetic keto-acidosis 

· Pregnancy and lactation 

Side-effects 5()
: 

· Hypoglycaemia 
· Possible visual impairment with marked change in glycaemic control 

· Lipodystrophy
· Local reactions 

· AIlergic reactions 

· Insulin antibody production 

· Oedema 
Special precautions 5()
: 

· Prolonged acting dependent on subcutaneous injection, rotate injection sites 

· Intravenous administration could result in severe hypoglycaemia 

· Presence of insulin antibodies may require dose adjustment 

· Where hypoglycaemic episodes of clinical significance  

· Circumstances where warning symptoms of hypoglycaemia is diminished 

· Renal or hepatic impairment 
· Elderly
Drug interactions 5()
: 
· Oral antidiabetic agents
· ACE-inhibitors 

· Disopyramide 

· Fluoxetine 

· MAOI’s 

· Pentoxifylline 

· Propoxyphene 

· Salicylates
· Sulphonamide antibiotics 
· Cortlcosteroids 

· Danazol 

· Diazoxide 

· Diuretics 

· Glucagon 

· Isoniazid 

· Oestrogen and progesterone 

· Phenothiazides 

· Somatropin 

· Sympathomimetics 

· Thyroid hormones  

· β-receptor blockers 

· Clonidine 

· Li2+ 
· Alcohol 
· Pentamidine

Insulin detemir 
In the insulin determir molecule, the normal human insulin has been altered by removing threonine at position B30 and adding a myristic acid chain to the amino acid B29. Insulin detemir is quickly absorbed from the injection site after which it binds to albumin in the blood via myristic acid. The newly from complex prolongs the absorption of the insulin in comparison to Neutral Protamin Hagedorn or Human Isophane Insulin (NPH) insulin 8(, 9)
.

Dosage 5()
: 

· Administer subcutaneously 1-2 times daily 

· For a two daily regimen, administer evening dose with evening meal, at bedtime or 12 hours after morning dose

Contra-indications 5()
: 

· Intravenous administration 
· Do mix with other insulins 

· Use in insulin infusion pumps 

Side effects 5()
: 

· Hyper- or hypoglycaemia 

· Transient oedema
· Local hypersensitivity reactions 

· Lipodystrophy if injection sites not rotated 
· Potential life threatening general hypersensitivity reactions 

Special precautions 5()
: 

· Elderly
· Renal or hepatic impairment 
· Monitor possible hyper-or hypoglycaemia 
· Concomitant illness or infection 

· Transfer patients to other types 

· Pregnancy and lactation 
Drug interactions: 

· Oral hypoglycaemic agents
· MAOI’s 

· β-receptor blockers 

· ACE inhibitors

· Salicylates 

· Alcohol 
· Thiazides 

· Glucocorticosteroids 

· Thyroid hormones

· Sympathomimetics 

· Growth hormone 

· Danazol  

· Octreotide
· Lanreotide 
Oral agents

Acarbose
Acarbose delays the breakdown of carbohydrates in the GIT by inhibiting α-glucosidase 14()
. Acarbose is effective and tolerated as monotherapy or as an add-on to other antidiabetic agents in patients with uncontrolled type 2 diabetes 14()
. 

Indication 5()
: 

· Type 2 diabetes mellitus inadequately controlled by diet alone, or on diet and oral hypoglycaemic agents

· Combine with diet and exercise delays progress of type 2 diabetes with confirmed impaired glucose tolerance 

Dosage 5()
: 

· Administer directly before meals

· Indivualise according to clinical response and intestinal side effect tolerance

· Initial: 50 mg 3 times a day, the dose may be increased to 100 mg 3 times a day after 6-8 weeks if the response is inadequate

· Maximum: 200 mg 3 times a day 

Contra-indications 5()
: 

· Inflammatory bowel disease 

· Colon ulceration 

· Partial intestinal obstruction 

· Predisposed to intestinal obstruction 

· Chronic intestinal disease associated with mark disorders of digestion or absorption

· States where deterioration is possible as a result of increased intestinal gaseous formation 

· Hepatic impairment 

· Severe renal impairment 

· Children under 18 years of age

· Pregnancy and lactation  

Side-effects 5()
: 

· Thrombocytopenia 

· Acute hypersensitivity skin reactions 

· Oedema 

· Flatulence 

· Borborygmi 

· Feeling of fullness  

· Abdominal distension or pain 

· Soft stools or diarrhoea  

· Nausea and vomiting 

· Subileus or ileus 

· Jaundice 

· Hepatitis 

Special precautions 5()
: 

· Side-effect symptoms may be reduced by adhering to diabetic diet and avoiding sucrose

· Magnesium and aluminium containing antacids do not ameliorate acute GI symptoms 

· Administer glucose and not sucrose in cases of hypoglycaemia  

· Monitor server hepatic transaminases in patients on 200 mg/day for the 1st 6 months

Drug interactions 5()
: 

· Dose reduction of insulin, metformin and sulphonylurea drugs possibly necessary

· Intestinal adsorption and digestive enzymatic preparations containing carbohydrate splitting enzymes reduce the effect

· Neomycin increase frequence and severity of GI side effects 

· Cholestyramine may enhance effect 

· Bioavailability of digoxin is possibly affected 

· Sucrose increase carbohydrate fermentation in colon can cause diarrhoea 

Sulphonylureas

Sulphonylureas are considered a second-line agent in the management of type 2 diabetes mellitus 15()
. Sulphonylureas require functioning pancreatic β-cells as their mechanism of action is to increase insulin secretion 16()
. The increase in insulin secretion is glucose-independent as it is achieved by binding to the SUR1 receptors on the pancreatic β cells, closing the K+-channels, preventing K+ influx which results in insulin release 15


( ADDIN EN.CITE , 16)
. The main side effects of sulphonylureas’ are weight gain and hypoglycaemia 16()
. 
Chlorpropamide

Indication 5()
: 

· Matured onset of diabetes mellitus not controlled by diet alone

Dosage 5()
: 

· Individualise the doses

· Initial dose: 250 mg daily, then increase or decrease the daily dose

· Usual maintenance dose: 50-500 mg daily 

Contra-indications 5()
: 

· Diabetes complicated by ketosis 

· Acidosis 

· Coma 

· Fever 

· Severe trauma 

· Gangrene 

· Pregnancy 

· Raynauds’ disease 

· Severe impaired renal, hepatic or thyroid function 

Side-effects 5()
: 

· Jaundice 

· Skin rash 

· Hypoglycaemia 

· GI disturbances

· Blood disorders 

Special precautions 5()
: 

· Disulfiram-like reaction with alcohol 

· Barbiturate treatment 

· Addison’s disease 

· Dietetic therapy in obese

Drug interactions 5()
: 

· Hypoglycaemic result with concomitant sulphonamides 

· Phenylbutazone 

· Salicylates 

· Probenecid  

· Dicoumarol and MAOI 

· Ether and suxamethonium antagonise hypoglycaemic action

Glibenclamide

Indication 5()
: 

· Adjunctive to diet to lower blood glucose level type 2 diabetes mellitus 

Dosage 5()
: 

· Individualise dose and take immediately after meals 

· Initial dose: 2.5 mg/day

· Increase daily dose gradually in 2.5 mg steps after a repeated medical examination 

· Dose above 15 mg/day do not produce increased response 

Contra-indications 5()
: 

· Diabetes complicated by fever, trauma or gangrene 

· Impaired renal or hepatic function

· Severe thyroid or adrenal function impairment 

· Metabolic decompensation history

· Diabetes mellitus in young people 

· Pregnancy 

Side-effects 5()
: 

· Nausea and vomiting 

· Epigastric pain 

· Dizziness 

· Headache  

· Paraesthesia 

· Weakness 

· Sensitivity reactions 

· Alcohol intolerance 

· Hypoglycaemic reactions 

Special precautions 5()
: 

· Report pregnancy immediately 

· Dose adjustment in recurrent infection, trauma, shock or after anaesthesia  

· Implement insulin therapy if major surgery has to be performed 

· Increased cardiovascular mortality 

Drug interactions 5()
: 

· Hypoglycaemic effects are enhanced by chloramphenicol, clofibrate, halolenate, cyclophospamide, dicoumarol, MAOI, salicylates, phenylbutazone, propanolol, other β-receptor blockers and sulphonamides 

· Hypoglycaemic effect diminished by adrenal hormones, oestrogens, corticostersoids or diuretics  

· Propranol possibly masks hypoglycaemic symptoms and inhibits normal physiological responses 

Gliclazide

Indication 5()
: 

· Non insulin dependent type 2 diabetes mellitus where diet management alone is insufficient 

Dosage 5()
: 

· Total daily dose may vary from 40-320 mg given in divided doses with meals

· Initial dose: 40-80 mg, increase dose as needed

Contra-indications 5()
: 

· Keto-acidosis 

· Severe renal or hepat insufficiency  

· Hyperthyroidism 

· Sulphonylurea intolerance  

· Unstabable diabetes 

· Pregnancy 

· Lactation 

· Juvenile onset diabetes 

· Infection  

· Stress or trauma 

· Undergoing surgery  

Side-eftects 5()
: 

· Hypoglycaemia 

· Skin or sensitivity reactions 

· Headache 

· GI disturbances  

· Dizziness 

· Weakness 

· Blood dyscrasia  

· Paraesthesia 

· Metallic taste 

· Anorexia 

· Photosensitivity 

Special precautions 5()
: 

· Associated increase in CV mortality as compared to treatment with diet alone or diet and insulin, 

· Hepatic and renal impairment 

· Malnutrition 

· Elderly 

· Adrenal or pituitary insufficiency  

· Trauma  

· Surgery 

· Monitor blood glucose in renally impaired 

Drug interactions 5()
: 

· Sulphonamides 

· Salicylates 

· Phenylbutazone 

· β-receptor blockers  

· MAOI

· Ketoconazole and miconazole  

· Clofibrate 

· Chloramphenicol  

· Dicoumarol and cimetidine 

· Thiazide diuretics  

· Corticosteroids 

· Oestrogens and adrenaline 

Glimepiride

Indication 5()
: 

· Type 2 diabetes mellitus not controlled by diet and exercise alone 

Dosage 5()
: 

· Indivualise according to blood glucose level at lowest dose to achieve desired metabolic control

· Single daily dose is normally sufficient to provide metabolic control over 24 hours, taken before breakfast 

· Initial dose: 1 mg once daily which may be gradually increased at intervals of 1-2 weeks by to a maximum of 8 mg/day

· Usual daily dose: 1-4 mg 

Contra-indications 5()
: 

· Sulphonylurea or other sulphonamide hypersensitivities  

· Pregnancy 

· Lactation 

· Impaired hepatic function 

· Moderate to severe impaired renal function 

· Children 

· Type 1 diabetes mellitus  

Side-effects 5()
: 

· Blood dyscrasia 

· CNS effects 

· Hypoglycaemia  

· GI disturbances 

· Polyurea 

· Impaired hepatic function 

· Blurred vision or ocular accommodation changes especially at the start of treatment 

· Skin reactions which may herald life threatening anaphylactic responses 

· Photosensitivity 

Special precautions 5()
: 

· Increased CV mortality reported with tolbutamide

· High risk MI patients 

· Factors predisposing to hypoglycaemia  

· Instruct the patients on signs of hypoglycaemia 

· Hypoglycaemic symptoms mediated by counter-regulated hormone responses 

· Possible deterioration of blood glucose control under stressors 

Drug interactions 5()
: 

· Allopurinol 

· Anabolic steroids and androgens

· ACE inhibitors 

· Disopyramide 

· Chloramphenicol 

· Sulphonamide antibiotics 

· Quinolones

· Tetracycline 

· Coumarin anticoagulants

· Fluoxetine 

· Cyclophosphamide 

· Fosfamide

· Trofosfamide 

· Fenfluramide 

· Azole antifungals 

· β-receptor blockers 

· Fenyramidol 

· Clofibrate 

· Guanethidine 

· Insulin and other oral antidiabic agenst 

· MAOIs

· Para-aminosalicylic acid

· Pentoxilyfline in high parenteral doses 

· Phenylbutazone 

· Azapropazone 

· Oxyphenbutazone 

· Probenecid 

· Sulphinpyrazone 

· Tritoquafine 

· Acetazolamide

· Adrenalin and other sympathomimetics 

· Barbiturates 

· Corticosteroids 

· Diazoxide 

· Diuretics 

· Glucagon 

· Isoniazid 

· Protractive laxative used 

· High dose nicotinic acid

· Oestrogens

· Progestogens 

· Phenothiazines 

· Phenytoin 

· Rifampicin 

· Thyroid 

· Alcohol 

· Clonidine 

· Reserpine 

· H2-receptor blockers 

Glipizide

Indications 5()
: 

· Type 2 diabetes mellitus in adult onset not controlled by diet alone

Dosage 5()
: 

· No fixed regimen, initiate a dose of 2.5 mg 30 min before breakfast or midday meal

· Titrate the dose in increments of 2.5-5 mg (determined by blood glucose level) 

· Maximum dose: 15-30 mg, in 2 divided doses before meals 

Contra-indications 5()
: 

· Insulin dependent diabetes

· Diabetic keto-acidosis 

· Diabetic coma 

· Severe hepatic or renal insufficiency  

· Pregnancy and lactation 

· Children 

Side-effects 5()
: 

· Hypoglycaemia 

· Hepatporphyria 

· Porphyria cutanea tarda 

· GI disturbances  

· Headache 

· Dizziness 

· Confusion 

· Drowsiness 

· Shaking 

· Coma 

· Allergic skin reactions 

· Erythema 

· Morbilliform or maculopapular reactions 

· Pruritus  

· Photosensitivity reactions 

· Eye disorders  and change in accommodation  

· Hepatic disorders 

· Blood dyscrasia

· Disulfiram-like reactions 

· Hyponatremia 

· Malaise 

· Cholestatis jaundice 

· Hypersensitivity 

Special precautions 5()
: 

· Increased CV mortality when combined with sulphonylurea therapy 

· Impaired renal and hepatic function 

· Elderly 

· Debilitated  

· Malnourished  

· Adrenal or pituitary insufficiency 

· Deficient caloric intake 

· After severe or prolonged exercise 

· Alcohol 

· Glucose lowering medications 

· Possible lack of control when stabilised patients exposed to fever, trauma, infection or surgery 

· Possible second fail due to diabetic progression or diminished response 

· Observe patients carefully for the 1st 2 weeks when transferring from chlorpropam  

· Discontinue treatment if cholestatic .jaundice occurs 

Drug interactions 5()
: 

· Miconazole or fuconazole 

· NSAIDs

· Alcohol 

· Salicylates 

· β-receptor blockers 

· ACE- inhibitor 

· Cimetidine

· MAOI 

· High protein bound medications 

· Danazol 

· Phenothiazides

· Corticosteroids 

· Sympathomimetics 

· Progesterone 

· Thiazides and other diuretics 

· Thyroid medications

· Oestrogens 

· Phenytoin 

· Nlcotinic acid

· Ca2+ channel blockers

· Isoniazid 

Biguanide 
Metformin

Metformin remain is the first-line choice for the management of patients with type 2 diabetes mellitus as it has a low risk of hypoglycaemia and reduced cardiovascular risk and is not associated with weight gain 16()
. In contrast to the sulphonylureas, metformin does not target the pancreas but rather the liver as it decreases peripheral insulin resistance and lowers hepatic glucose output 15


( ADDIN EN.CITE , 16)
.

Indication 5()
: 

· Type 2 diabetes mellitus (especially in overweight patients) when diet management and exercise alone does not result in adequate glycaemic control 

· As monotherapy or combined with other oral anti-diabetic agents or insulin in adults

· In children over 12 years of age used as monotherapy or combined with insulin 

Dosage 5()
: 

· Administer with or after food 

· Adults: initial dose 850-1000 mg twice a day or 500 mg three times a day

· If control is inadequate, cautiously increase to a maximum of 4000 mg/day

· Reduce dose once controlled  

· Children over 12 years of age: Start dose: 500-850 mg once daily

· Adjust according to blood glucose measurement after 10-15 days

· Maximum dose: 2000 mg daily in 2-3 divided doses 

Contra-indications: 

· Diabetic coma and keto-acidosis 

· Diabetic pre-coma or history thereof  

· Renal failure or dysfunction 

· Pancreatitis 

· Chronic hepatic disease or insufficiency 

· History of or states associated with lactic acidosis

· CF

· Recent MI

· Hypoxic associated conditions 

· Acute conditions with potential to alter renal function

· Acute alcohol intoxication 

· Alcohol 

· Pregnancy and lactation 

· Megaloblastic anaemia 

Side-effects 5()
: 

· Decreased vitamin B12 absorption during long-term therapy 

· GI disturbances 

· Skin reaction, 

· Lactic acidosis  

· Metallic taste 

· Decreased folic acid serum levels 

· Hepatitis 

Special precautions 5()
: 

· Discontinue and hospitalise immediately if metabolic acidosis is suspected 

· Monitor renal function before initiation of treatment and regularly thereafter, especially in the elderly 

· Conditions where renal function may become impaired 

· Discontinue therapy before iodinated contract media administered and elective surgery

· Discontinue 48 hours before elective surgery with general anaesthesia and reinstate no earlier than 48 hours after 

· Continue diet with regular carbohydrate intake during day

· Continue energy restricted diet in overweight patients 

· Avoid alcohol and alcohol containing medications 

· Not advised in conditions causing dehydration, infection, trauma or low calorie intake

· Annual vitamin B12 estimation 

· Regular diabetic monitoring tests 

· Possible hypoglycaemia with concomitant insulin or sulphonylureas

· Stabilise patients in hospital on combined therapy  

· In children, before initial treatment, monitor growth and puberty especially in the pre-pubescents

· Reduce incidence of lactatic acidosis by assessing associated risk factors 

· Fast or excessive alcohol intake

Drug indications:

· Glucocorticosteroids 

· β-receptor blockers 

· Diuretics,

· Sulphonylureas 

· ACE-inhibitors 

· Cimetidine 

· Warfarin 

Meglitinide
Meglitinides have a similar mechanism of action to the sulphonylureas’ although they are short acting agents and thus have a shorter duration of effect 16()
. These agents have a slightly higher affinity for the SUR1 receptor, especially in the presence of glucose, compared to the sulphonylureas 16()
. These agents are therefore considered to be slightly glucose-dependent and less likely to cause hypoglycaemia 15


( ADDIN EN.CITE , 16)
.  
Nateglinide

Indication 5()
: 

· Monotherapy in type 2 diabetes mellitus not adequately controlled by diet and exercise if patients cannot be treated with other antidiabetic drugs 
· Combine with metformin when inadequately controlled by metformin alone 
Dosage 5()
: 

· Administer 30 min before meals 
· Monotherapy: 120 mg

· Combined with metformin as additional therapy:

· Usually 120 mg

· If therapeutic target is close, 60 mg might be sufficient 

Contra-indications 5()
: 

· Insulin dependent diabetes 

· Diabetic keto-acidosis 

· Pregnancy and lactation

· Severe hepatic impairment 

· Children 

Side-effects 5()
: 

· Hypoglycaemia 

· Hypersensitivity reactions 

· GI disturbances 

· Headache 

· Events consistent with concomitant conditions is likely in this population group 

· Elevated liver enzymes 

Special precautions 5()
: 

· Do not switch to or add to treatment regimen of patients not adequately controlled with a sulphonylurea or other insulin secretagogues 

· Skip the dose if meal is skipped 

· Elderly 

· Malnourished patients  

· Adrenal or pituitary insufficiency 

· Hypoglycaemic risk is increased by strenuous physical exercise or alcohol 

· Hypoglycaemia is difficult to recognise with concomitant β-receptor blocker 

Drug interactions 5()
: 

· Other oral antidiabetic agents 

· NSAIDs

· MAOI's

· Non-selective β-receptor blockers 

· Thiazides

· Corticosteroids

· Thyroid products

· Sympathomimetics 
Repaglinide

Indication 5()
: 

· Adjunctive to diet and exercise to lower blood glucose in type 2 diabetes mellitus

· May be combined with metformin when exercise, diet, repaglinide or metformin alone is inadequate

· Combination therapy with insulin in type 2 diabetes when control is not adequate on sulphonylureas or repaglinide alone 

Dosage 5()
: 

· Titrate dose to optimise glycaemic control. Administer 15 min before meals 

· Initial dose: 0.5 mg allow 1-2 weeks between titration steps

· Maintenance dose: 4 mg

· Total maximum dose: 16 mg 

· Transfer from other oral hypoglycaemic agents: Maximum starting dose: 1 mg before main meal 

· Therapy in combination with metformin: Maintain with metformin dose and administer concomitant 0.5 mg three times daily 

· Therapy in combination with insulin: If necessary, titrate insulin dose according to therapeutic response as given in product literature as a bedtime dose for patients controlled on maximum repaglinide dose
Contra-indications 5()
: 

· Type 1 diabetes mellitus

· Diabetic keto-acidosis with or without coma

· Children

· Severe ren.and hepatic impairment 

· Concomitant gemfibrozil

· Pregnancy and lactation 

Side-effects 5()
: 

· Hypoglycaemic reactions

· Visual disturbances

· GI disturbances

· Hepatic dysfunction

· Hypertension 

· Vasculitis  

Special precautions 5()
: 

· Concomitant rifampicin

· Elderly

· Impaired renal or hepatic function

· Assess dose and adherence to diet or exercise before classified as secondary fail

· Combination therapy with thiazolidenediones not available 

· Increased hypoglycaemic risk when combined with metform or insulin

· Loss of glycaemic control in stress conditions

· Children and adolescents 

· Increased CV mortality

· Regular monitoring of blood and urine glucose levels 

Drug interactions 5()
: 

· Cytochrome P450 enzymes by inhibitors or inducers 

· Gemfibrozil 

· Clarithromcin 

· Itraconazole 

· Ketoconazole 

· Trimethoprim

· Other antidiabetics agents 

· MAOIs 

· β-receptor blockers 

· ACE-inhibitors

· NSAIDs 

· Salicylates 

· Alcohol 

· Octreotide 

· Anabolic steroids 

· Rifampicin 

· Barbiturates 

· Thiazides

· Corticosteroids 

· Danazol 

· Thyroid hormones

· Sympathomimetics

· β-receptor blockers 

Thiazolidinedione
Thiazolidinediones (TZD) are PPAR-γ, receptors found in adipose tissue, agonists 15


( ADDIN EN.CITE , 16)
. These agents are beneficial in insulin-resistant patients as they improve peripheral insulin sensitivity by increasing adipose tissue lipogenesis, reducing hepatic fat content and hepatic glucose production 15


( ADDIN EN.CITE , 16)
. However several post-marketing studies found that these agents increase congestive heart failure, bladder cancer and bone fracture rate 15()
. 
Pioglitazone

Indication 5()
: 

· Adjunctive to diet in type 2 diabetes mellitus either as monotherapy or /in combination with a sulphonylurea, metformin or insulin when diet and or exercise and a single agent result inadequate control 

Dosage 5()
:

· Monotherapy: Initial dose 15-30 mg once daily, increased if necessary in increments to a maximum of 45 mg once daily 

· Combination therapy: Initial dose 15-30 mg once daily in combination with current dose of other medication

· If hypoglycaemia is reported, decrease the sulphonylurea dose, or in the case of insulin combination therapy either the insulin or pioglitazone dose 

Contra-indications 5()
: 

· Hepatic impairment or active liver disease 

· Serum transaminase levels more than 2.5 times the upper normal limit 

· CF

· Pregnancy and lactation

· Type 1 diabetes mellitus 

· Diabetic keto-acidosis 

· Children 

· New York Heart Association class III or IV 

Side-effects 5()
: 

· Anaemia 

· Weight gain 

· Headache 

· Hypoaesthesia  

· Insomnia 

· Visual disturbances 

· Oedema 

· Sinusitis 

· HF

· URTI 

· Hepatocellular dysfunction

· Myalgia 

· Tooth disorders 

· Arthralgia 

· Haematuria  

· Erectile dysfunction 

Special precautions 5()
: 

· Liver function monitoring is essential before initial therapy, followed by every 2 months for a year 

· Possible resumption of ovulation in pre-menopausal anovulating insulin resistant patients 

· Hb and haematocritic decrease 

· Oedema 

· NYHA class II increase dose gradually only after several months 

· Elevated liver enzyme, continue therapy with extreme caution and discontinue if jaundice present 

Drug Interactions 5()
: 

· Increased hypoglycaemic risk with concomitant oral hypoglycaemic agents or insulin 

· Ketoconazole and midazolam 

DPP4 antagonists

The peptides glucagon-like peptide-1 amide (GLP-1) and glucose-dependent insulinotropic peptide (GIP) are the most important incretin hormones and rapidly metabolised by DDP-4.

DPP-4 inhibitors are a group of oral anti-diabetics drugs that are mainly used for the treatment of diabetes mellitus type 2 as they are able to inhibit the breakdown of the incretin hormones 1


( ADDIN EN.CITE , 2)
. 

DDP-4 inhibitors increase insulin secretion, suppress glucagon and decrease gastric emptying and blood glucose levels. Furthermore DPP-4 inhibitors are able to increase β-pancreatic cell survival and growth and therefore may preserve or restore functional β-pancreatic cell mass in individuals with type 2 diabetes 1


( ADDIN EN.CITE , 2)
. DDP-4 is recommended as an add-on alternative to metformin, a sulphonylurea or thiazolidinedione.

Vildagliptin

Indication 5()
: 

· Diet and exercise adjunct to improve glycaemic control in adults with type 2 diabetes mellitus 

· As add-on therapy combined with metformin, sulphonylurea or insulin when diet, exercise or a single antidiabetic agent do not result in adequate glycaemic control 

Dosage 5()
: 

· 50 mg daily or 50 mg twice daily in combination with metformin or insulin

· In combination with a sulphonylurea: 50 mg once daily 

Contra-indications 5()
: 

· Moderate to severe renal impairment  

· End-stage renal disease on haemodialysis 

· Hepatic impairment including pre-treatment ALT or AST more than 2.5 times the upper limit of normal

· Pregnancy, lactation, children and adolescents  

· Type 1 diabetes mellitus 

· Diabetic keto-acidosis 

· Galactose intolerance 

· Lapp-Iactase deficiency 

· Glucose galactose malabsorption  

Side-effects 5()
: 

· Hepatic dysfunction  

· Angioedema 

· Tremor 

· Dizziness 

· Headache  

· Asthenia 

· Peripheral oedema 

· Nausea 

· Flatulence 

· GORD

· Diarrhoea 

· Constipation  

· Decrease blood glucose 

· Hypoglycaemia 

Special precautions 5()
: 

· LFT’s prior to initial treatment and during treatment on a monthly basis during the 1st 6 months, thereafter every 3-monthly

· Discontinue if AST/ALT increase of 3 times

GLP-1 agonists

GLP-1 analogues or agonists mimic the gastrointestinal hormone GLP-1. The main advantage of GLP-1 agonists is that their effects on insulin secretion is glucose dependent, therefore the higher the plasma glucose concentration, the greater the effect of GLP-1 agonists will be on insulin secretion with the greatest effect seen in hyperglycaemic conditions and a relatively small to no effect with a low glucose concentration. This implies that the occurrence with hypoglycaemic episodes on GLP-1 agonist therapy should be reduced compared to the current anti-diabetic drugs that increase insulin secretion independent of glucose. The risk of hyperglycaemia is current anti-diabetic drugs > GLP-1 agonists > placebo 3()
.

Some research suggests that GLP-1 agonists may increase the proliferation of pancreatic β-cells and therefore may prevent the progression of the disease 3()
. GLP-1 agonists are only available as 2nd or 3rd line therapy for specific individuals with type 2 diabetes mellitus.

Exenatide

Indication 5()
:

· Add-on therapy in type 2 diabetes mellitus inadequately controlled by lifestyle modifications and other oral antidiabetic therapy

Dosage 5()
: 

· Administer 60 min before the two main meals of day, approximately 6 hours or more apart

· Do not mix with other parenteral medications 

· Initial dose: 5 μg subcutaneously twice daily for 1 month, thereafter it may be increased to 10 μg subcutaneously twice daily 

Contra-indications 5()
: 

· Renal impairment with creatinine clearance of less than 30 ml/min 

· Gastroparesisis  

· GI dysmotibity

· GI anatomical obstruction 

· Pregnancy and lactation 

· Acute and chronic hepatic insufficiency

· Children under 18 years of age  

Side-effects 5()
: 

· Hypoglycaemia with concomitant metformin and or sulphonylureas 

· Decrease appetite

· Dehydration

· CNS effects 

· GI disturbances 

· Acute pancreatitis 

· Hyperhidrosis 

· Injection site reactions 

· Rash

· Pruritus 

· Urticaria

· Angioedema 

· Feeling jittery 

· Asthenia

· Hypersensivity 

· Anti-exenatide antibody development 

· Altered renal function including renal impairment 

Special precautions 5()
: 

· Not for use in type 1 diabetes mellitus or diabetic keto-acidosis treatment  

· IV or IM injection not recommended 

· Oral medications requiring rapid GI absorption as gastric emptying slowed 

· Concomitant insulins, thiazolidinediones, d-phenylalanine derivatives, meglitinides or α-glucosidase inhibitors 

· Advise patients of signs and symptoms of acute pancreatitis and discontinue if pancreatitis is suspected 

· Increased hypoglycaemia incidence with concomitant sulphonylurea 

· Increased lNR and associated bleeding with concomitant warfarin  

Drug interactions 5()
: 

· Oral administered medications 

· Sulphonylureas  

· Warfarin 

Anti-hypoglycaemic agents

Glucagon

Glucagon, a hormone released from the α-pancreatics cells, is a potent counter-regulatory hormone needed to prevent hypoglycaemia 17()
. Glucagon is released from the pancreas in response to decrease in glucose concentration and α-cell inhibition by insulin, activation of the sympathetic and parasympathetic systems certain amino acids and GI peptides, exercise, stress and starvation 17()
. The primary role of glucagon is to stimulate glycogenolysis, gluconeogenesis and ketogenesis by the liver 17()
.
Indication 5()
: 

· Hypoglycaemia if adequate glucose is not effective or not available 

· Decrease GI motility in endoscopy and radiography of GIT
Dosage 5()
: 

· Use immediately after preparation

· When consciousness is regained, give food rich in carbohydrates or IV glucose to restore liver glycogen and prevent secondary hypoglycaemia

· Diabetic hypoglycaemia: 1 mg SC or IM
· Termination of insulin coma: 1 mg. Patients should be aroused as quickly as possible as prolonged hypoglycaemia reactions may result in cortical damage 

· Endoscopy or GIT radiography: 0.2 mg (endoscopy) to 1.2 mg (GIT radiography) according to technique and patients response 

Contra-indications 5()
: 

· Pheochromocytoma 

Side-effects 5()
: 

· Hypersensitivity reactions including anaphylactic reactions 

· Secondary hypoglycaemia
· Hypoglycaemic coma
· Brady- or tachycardia 

· Hypo- or hypertension 

· Nausea and vomiting 
· Abdominal pain 

Special precautions 5()
:

· As adjunct to endoscopy and radiography of GIT in diabetic patients 
· Insulinoma or glucagonoma antagonistic towards insulin
· Not effective patients with marked depletion of liver glycogen stores (e.g. starvation, adrenal insufficiency, chronic hypoglycaemia) 

Drug interactions 5()
: 

· Insulin 

· Indomethacin 
· Warfarin 
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METABOLIC DISEASES: Drug class overview

Thyrotoxicosis 

Thyrotoxicosis is characterised by a hypermetabolic state resulting from the actions of an excessive production of the thyroid hormones tri-iodothyronine (T3) and thyroxine (T4) by the thyroid or leakage of the hormones from their stores 1


( ADDIN EN.CITE , 2)
. Thyrotoxicosis is commonly caused by Grave’s disease, toxic multinodular goitre or toxic adenoma, and the mainstays of pharmacological management is the thionamides often in combination with the β-blocker propranalol 1


( ADDIN EN.CITE , 2)
.
Carbimazole

Carbimazole is a thionamide prodrug that prevents the synthesis of new thyroid hormones 1


( ADDIN EN.CITE , 2)
. Carbimazole inhibits the enzyme thyroid peroxidise and thus prevents the conversion of iodide to iodine, rendering the patient euthyroid after a few weeks 1


( ADDIN EN.CITE , 2)
.

Indication 3()
: 

· Hyperthyroid
· Thyrotoxicosis 

· Preparation for thyroidectomy 

Dosage 2(, 3)
: 

· 10-60 mg daily in divided doses

· Reduce gradually to smallest optimal dose 

Contra-indications 3()
: 

· Tracheal obstruction 
Side-effects 3()
: 

· Rash
· Headache 

· GI disturbances  

· Agranulocytosis
· Alopecia 
· Hepatitis 
Hypothyroidism

Hypothyroidism is a hypometabolic state primarily caused by autoimmune thyroiditis although it can occur following illness and agents used to manage the illness, insufficient iodine intake, thyroidectomy or radiotherapy 1


( ADDIN EN.CITE , 4)
. Hypothyroidism is associated with serious effects which include altered metal status and abnormal thermoregulation as these hormones are essential for normal development and function of the central nervous system, maintain thermoregulation, energy production and promote growth 1


( ADDIN EN.CITE , 5)
. Patients are managed with synthetic oral thyroid hormones triiodothyronine (T3) and thyroxine (T4) to an euthyroid state 1


( ADDIN EN.CITE , 5)
. Levothyroxine (L-T4) is a synthetic form of the T4 hormone and the drug of choice in the treatment of hypothyroidism 4()
. L-T4 amends the T3, T4 and thyroid-stimulating hormone (THS) levels when given as hormone replacement therapy in hypothyroidism 6


( ADDIN EN.CITE , 7)
. Liothyronine is nearly identical to T3, but with a more rapid action and is indicated in severe hypothyroidism and myxoedema 8()
. 

Levothyroxine 
Indication 3()
: 

· Hypothyroidism 
Dosage 3()
: 

· Indivualise according to clinical response and biochemical tests
· Administer as a single dose half an hour before breakfast 

· Adults: Initial dose: 50·100 µg daily, adjust at 3-4 week intervals by 50 µg till normal metabolic maintenance is achieved

· Dose of 200·300 µg daily may be required

· Patients with cardiac insufficiency: Initial dose 25 µg increase daily dose by 25 µg at 4 week intervals 
· Cretinism and juvenile myxoedema: Administer largest dose consistent with freedom from toxic effects
· Normal pulse rate and absence of diarrhoea useful clinical indication 

· Cretinism infants: Initial dose 25 µg daily with 25 µg increments every 2-4 weeks until mild toxic symptoms appears when dose is slightly reduced

· Apply the same for juvenile myxoedema except starting dose children older than 1 yr is 2.5-5 µg/kg/day
· Elderly or coronary heart disease and severe or long-existing hypothyroid: Initial dose 12.5 µg/day increase slowly at lengthy intervals of 12.5 µg/day fortnightly 

Contra-indications 3()
: 

· Untreated adrenal insufficiency  

· Untreated pituitiary insufficiency  

· Untreated thyrotoxicosis 

· Acute MI 

· Acute myocarditis 

· Acute pancarditis 

· Untreated hyperthyroidism 

· Hereditary galactose intolerance, Lapp lactase deficiency or glucose-galactose malabsorption 

Side-effects 3()
: 

· Undesired effect generation associated with excessive dosage or if dose is increased too quickly at start of treatment. Effects usually disappear after dose reduction or temporary treatment withdrawal. Symptoms reported include:

· Heat intolerance 

· Sweating
· Flushing
· Fever
· Weight loss 

· Nervousness
· Excitability,
· Insomnia
· Headache 

· Tremor 

· Cephalalgia 
· Pseudotumor cerebri
· Tachycardia
· Palpitation
· Cardarrhythmia 

· Angina .pain 

· Diarrhoea 
· Vomiting
· Hyperhidrosis 

· Muscle weakness 

· Cramps
· Menstrual irregularities 

· Allergic reactions 

Special precautions 3()
: 

· Exclude or treat coronary insufficiency, angina pectoris, arteriosclerosis, hypertension, pituitary insufficiency, adrenal insufficiency and thyroid autonomy 

· Avoid drug-induced hyperthyroidism in coronary failure, cardiac insufficiency and tachyarrhythmia measure hormone parameters 

· Determine cause of secondary hypothyroidism before initial replacement therapy 

· Post-menopausal women with increased osteoporosis risk
· Corticosteroid therapy advised before initial therapy in panhypopituitarism or other causes predisposed to adrenal insufficiency 
· Myocardial insufficiency or ECG evidence of MI 

· Monitor blood glucose of diabetic patients  

· Anticoagulant therapy
· Administer colestyramine and colestipol 4-5 hours before levothyroxine
· Thyroid hormone to be given consistently during pregnancy and breast feeding but thyroid function to be monitored 

Drug interactions 3()
: 

· Antidiabetic drugs 
· Anticoagulants 

· Colestyramine and colestipol 

· Aluminium and iron containing drugs 

· Ca2+ carbonate and soy containing compounds 

· Medications with high affinity for plasma proteins  

· Propylthiouracil
· Glucocorticosteroids 

· β-sympatholytics

· Amiodarone
· Iodine-containing contrast media 

· Sertraline
· Chloroquine 

· Proguanil 
· Drug inducing hepatic enzymes 
· Women on oestrogen containing OC's or HRT 
Thyroxine

Indications 3()
: 

· Hypothyroid 

Dosage 3()
: 

· Adults: Initial dose is 50-100 µg daily, adjust in 3-4 week intervals by 50 µg up to 300 µg daily

· Cretinism & juvenile myxoedema: 25 µg daily, increase to 25 µg every 2-4 weeks until mild toxic effects appear, then reduce slightly

Contra-indications 3()
: 

· Thyrotoxicosis

Side-effects 3()
: 

· Angina pain 

· Palpitations 

· Skeletal muscle cramps

Special precautions 3()
: 

· Panhypopituitarism 

· Adrenal insufficiency 

· Myocardial insuffiency  

· MI

Drug interactions 3()
:

· Anticoagulants 

· Antidiabetic agents 

· Phenytoin 

Liothyronine
Indication 3()
: 

· Myxoedcoma
· Severe chronic thyroid deficiency

· Hypothyroid states in thyrotoxicosis treatment

· Thyrotoxicosis therapy with carbimazole 

Dosage 3()
: 

· 5-100 µg daily in divided doses
Contra-indications 3()
: 

· Angina of effort 

· CV disorders
Side-effects 3()
: 

· Angina pain 

· Palpitations 
· Skeletal muscle cramps 

Special precautions 3()
: 

· Excessive burden on cardiac muscle 

· Cardiac ischaemia 
Drug interactions 3()
: 

· Anticoagulants 
· Antidiabetic agents 

· Phenytoin  
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