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	Anticoagulants (and reversal agents)
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	· Warfarin reversal: FFP, Vitamin K
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	Anti-platelet agents
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	· Clopidogrel
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	· Dipyridamole
	Angharad Jenkins
	25

	· Glycoprotein IIb/IIIa receptor inhibitors (iv; Abciximab reopro)
	---
	

	Anti-hypertensive
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	See ‘Renal Drugs’

	· Spironolactone
	See ‘Renal Drugs’

	· Amiloride
	See ‘Renal Drugs’

	· Enalapril
	---
	

	· Losartan
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	29

	· Amlodipine, nifedipine, felodipine)
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	· Diltiazem
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	· Verapamil
	Johanne Furness
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	· Doxazosine
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	Emaese
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	· Methyldopa
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	· Moxonidine
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	33

	· Minoxidil
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	Chronic CCF
	
	

	· Beta-blockers (bisoprolol, carvedilol)
	---
	

	· ACEI
	(see above)
	

	· Loop diuretics
	See ‘Renal Drugs’

	· Thiazides 
	

	· Potassium-sparing diuretics (see above)
	

	Lipid-lowering agents
	
	

	· HMG-CoA reductase inhibitor -‘statin’ (simvastatin, pravastatin, atorvastatin,)
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NB: ‘arrythmia’ technically means ‘no rhythm’ e.g. AF or VF – for most other ‘arrhythmias’ the correct term would be ‘dysrhthmia’. For simplicities sake the term arrhythmia is used throughout.

Summary Table by Vicky Smith

	Name
	Class/action
	Dose (oral)
	IV dose
	Levels

	GTN
	Anti-anginal agent

nitrate
	300µg tablet/spray
	n/a
	N/A

	Isosorbide mononitrate
	Anti-anginal agent

Long-acting nitrate
	30-120mg in divided dose for angina

Up to 40-240mg in divided doses for LVF

	10-200 micrograms/min in MI/lvf
	N/A

	Nicorandil
	Anti-anginal agent
	5mg OD 1-3 d then 5mg BD 4-8 d 

10mg BD thereafter (i.e. 20mg total)
	N/A
	N/A

	Lidocaine (lignocaine)
	Anti-arrythmic

Class 1b
	 NR 
	NR
	NR

	Flecainide
	Anti-arrythmic

Class 1c
	NR
	NR
	NR

	Sotolol (Betablocker)
	Anti-arrythmic

Class II / III
	NR
	NR
	NR

	Amiodarone
	Anti-arrythmic

Class III
	Load with 200mg tds wk 1,200bd wk2 and 200 od wk 3
	initially 5 mg/kg in 20–120 minutes subsequent infusion up to max. 1.2 g in 24 hours

For ventricular fibrillation/pulseless ventricular tachycardia by intravenous injection over at least 3 minutes, 300 mg 


	with ECG monitoring

monitor response

	diltiazem
	Anti-arrythmic class IV+

Anti-hypertensive calcium antagonist ‘rate- limiting’ benzothiazepine
	60mg tds up to 360mg / day in angina; 180-480mg in 1or 2 doses for hypertension
	NR
	N/A

	Verapamil
	Anti-arrythmic Class IV + calcium antagonist phenylalkalamine
	supraventricular arrhythmias 40–120 mg TDS

Angina: 80–120 mg TDS

Hypertension, 240–480 mg daily in 2–3 divided doses


	slow intravenous injection over 2 minutes (3 minutes in elderly), 5–10 mg (preferably with ECG monitoring); in paroxysmal tachyarrhythmias a further 5 mg after 5–10 minutes if required
	N/A

	Digoxin (cardiac glycoside)
	Anti-arrythmic
	Rapid 1–1.5 mg in divided doses over 24 hours; 

less urgent digitalisation, 250–500 micrograms daily 

Maintenance 62.5–500 micrograms daily 

usual range, 125–250 micrograms daily 


	Emergency loading dose by intravenous infusion, 0.75–1 mg over at least 2 hours (see also Cautions) then maintenance dose by mouth on the following day


	not necessary unless problems are suspected.


	Adenosine
	Anti-arrythmic

Purine nucleoside
	N/A
	3-6mg iv stat, double dose and repeat every 2 min until response max 12mg in a dose
	N/A

	Unfractionated (standard) heparin
	Anti-coagulant
	n/a
	 IVI to target APPT. 5000 units bolus, then 12-25 units/kg/hour (1500 units per hour). 


	APPT (target 1.5-2.5), FBC > 5 days Tx, U&E > 7 days Tx

Check APPT every 6h, then 6-10h, then daily to target.

	Enoxaparin (LMW heparin)
	Anti-coagulant
	NA
	Prophylaxis:DVT surgery 20-40 mg 12-24 hrs

Treatment of DVT: subcut 1.5mg/kg/24 hours
	APTT

	Protamine
	Heparin reversal
	NA
	Iv over 10 mins 1mg neutralises 80-100 U heparin if given within 15 min of heparin 

Max 50 mg
	NA

	Warfarin
	Coumarin
	NA
	Adult induction dose 10mg daily for 2 days

Daily maintenance dose usually 3 to 9mg each day depending on individual INR


	INR daily or on alternate days in early days thnn at longer intervals up to every 12 weeks.



	Fresh frozen plasma
	Warfarin reversal
	
	
	

	Vitamin K
	Warfarin reversal
	
	5mg by slow IV injection
	

	Bendroflumethi-azide
	Antihypertensive thiazide diuretic

Also used in chronic ccf
	5-10mg morning PO for oedema

2.5 OD PO in hypertension and renal stones
	N/A
	K+

Us and Es 6 monthly

	Spironolactone
	Antihypertensive potassium sparing diuretic

Also used in chronic ccf
	100-400mg/day (100-200 up to 400 if required)

25mg OD in ccf
	N/A
	K+

Us and es 6 monthly

	Amiloride
	Antihypertensive potassium sparing diuretic

Also used in chronic ccf
	5-20mg OD or divided into BD
	NA
	Us and Es 6 monthly

	Triamterene
	Antihypertensive potassium sparing diuretic

Also used in chronic ccf
	NR
	NR
	NR

	Atenolol
	Anti-hypertensive beta blocker (cardioselective)
	25-50mg OD PO for hypertension

50mg bd for angina

25-50 mg bd for acute arrythmia


	5mg IV over 5 mins then 50 mg PO 15 mins later then again 12 hours later for MI
	NA

	Metoprolol
	Anti-hypertensive beta blocker (cardioselective)
	NR
	NR
	NR

	Labetolol
	Anti-hypertensive beta blocker with alpha blockade
	NR
	NR
	NR

	Bisoprolol
	Beta blocker used in chronic ccf
	NR
	NR
	NR

	Cardevilol
	Beta blocker used in chronic ccf
	Hypertension:12.5mg od then after 2s 25 mg OD and increase every 2 weeks until up to 50 mg daily in divided doses

Angina (as above) up to 25mg daily

HF adjunct from 3.125 mg in divided doses daily up to 6,25 or 25 mg in divided doses daily
	NR
	NR

	Enalapril
	Anti-hypertensive ACEi. Also used in chronic ccf
	2.5mg OD initially max 40 mg OD
	NA
	NA

	Perindopril
	Anti-hypertensive

ACEi. Also used in chronic ccf
	NR
	NR
	NR

	Lisinopril
	Anti-hypertensive

ACEi. Also used in chronic ccf
	NR
	NR
	NR

	Ramipril
	Anti-hypertensive

ACEi. Also used in chronic ccf
	NR
	NR
	NR

	Losartan
	Anti-hypertensive

AT2R antagonist
	25-50 mg OD to max 100 mg OD
	NA
	 NA

	Irbesartan
	Anti-hypertensive

AT2R antagonist
	NR
	NR
	NR

	candesartan
	Anti-hypertensive

AT2R antagonist
	NR
	NR
	NR

	Valsartan
	Anti-hypertensive

AT2R antagonist
	NR
	NR
	NR

	Amlodipine
	Calcium antagonist dihydropyridine
	
	
	

	Nifedipine
	Calcium antagonist dihydropyridine
	NR
	NR
	NR

	Felodipine
	Calcium antagonist dihydropyridine
	NR
	NR
	NR

	Doxazocin
	Anti-hypertensive Alpha blocker
	
	
	

	Terazocin
	Anti-hypertensive alpha blocker
	NR
	NR
	NR

	Phenoxybenzamine
	Antihypertensive non selective alpha blocker used for phaochromocytoma
	NR
	NR
	NR

	Methyldopa
	Antihypertensive (centrally acting)
	Init. 250mg bd/tds (1/2 dose in elderly) increase gradually alternate days (3g/day
	na
	FBC and LFTs

	Moxonidine
	Antihypertensive (centrally acting)
	0.4 mg /day
	200 micrograms OD mane increased if necessary after 3 weeks to 400 micrograms daily in 1–2 divided doses; max. 600 micrograms daily in 2 divided doses (max. single dose 400 micrograms)


	Us and es

	Hydralazine
	Antihypertensive

Vasodilator 
	25-50mgbd po in hypertension

25-75mg tds/qds po in HF
	5-10mg iv(or50-300 ug/min ivi) if severe hypertension (can be repeated after 30 mins)
	Us and es 6 monthly

	Minoxidil
	Antihypertensive 

Vasodilator
	5mg in 1-2 doses 

elderly 2.5

increase by 5-10mg every 3 days max 50mg daily
	na
	Us and es 6 monthly

	Aspirin
	Anti-platelet agent 
	Acute MI- 150-300mg, chewed

Long term MI management- 75mg daily

Pain relief- 0.3–1 g every 4 hours after food; max. in acute conditions 8 g daily; child, juvenile arthritis, up to 80 mg/kg daily in 5–6 divided doses after food, increased in acute exacerbations to 130 mg/kg


	Na
	None required. Consider stopping 7d before surgery if significant bleeding is expected unless cardiac surgery or patient has unstable angina.

	Clopidogrel
	Anti-platelet agent
	75mg od
	na
	Na

	Dipyridamole
	Anti-platelet agent (in stroke)
	300-600mg daily in 3-4 divided doses before food (normally 100-200mg tds)

Modified release preparation (PERSANTIN® Retard) 200mg bd with food

With aspirin (ASASANTIN® Retard) 1 capsule bd (contains aspirin 25mg and M/R dypridamole 200mg


	NA
	NA

	Abciximab reopro
	Antiplatelet glycoprotein IIb/IIIa
	NR
	NR
	NR

	Streptokinase
	Fibrinolytic agent

(thrombolytic agent)
	NA
	Dose in MI: 1500 000 units over 60 minutes IV

Central retinal venous or arterial thrombosis

Dose: 250 000units over 30 minutes then 100 000 units/hours for 12-72 hours


	Continuous ECG (look for resolution of changes). Blood pressure (hypotension). Clotting profile. Cardiac enzymes.



	Alteplase
	Fibrinolytic agent
	NA
	MI:15mg iv injection stat then

Iv infusion 50mg/30mins then 35mg ivi/60 mins

6-12h:10mg iv stat then 50ivi/60 mins then 4 10mg ivis each over 30mins
	na

	TPA
	Fibrinolytic agent
	NR
	NR
	NR

	Urokinase
	Fibrinolytic agent
	NR
	NR
	NR

	Simvastatin
	Lipid-lowering drugs - 

HMG-CoA reductase inhibitor
	10-80mg nocte usually 20mg
	NA
	Lipid check

	Pravastatin
	Lipid lowering drugs

HMG-CoA reductase inhibitor
	NR
	NR
	NR

	Atorvastatin
	Lipid lowering drugs

HMG-CoA reductase inhibitor
	NR
	NR
	NR

	Bezafibrate
	Lipid lowering drugs

Fibrate
	200mg tds after food
	NA
	Lipid checks

	Gemfibrozil
	Lipid lowering drugs

Fibrate
	NR
	NR
	NR


Anti-anginals

Stable angina is due to atherosclerotic plaques in coronary arteries, unstable is when these plaques rupture. A known stable angina may become unstable when plaque ruptures, or unstable may appear following unknown silent stable angina. 

Stable: (Mnemonic GRABS – GTN, ?revascularisation, Aspirin, (-blocker, statin)

· sublingual GTN may be sufficient PRN. 

· Aspirin (75mg) recommended all angina cases. 

· More severe stable: add in beta blocker, calcium blocker, long-acting nitrate, diltiazem, verampamil. 

· Statins where appropriate.

· Consider revascularization

Unstable: (mnemonic: HAM – Hospital, analgesia, MI propylaxis)

· Requires hospital admission, ideally CCU

· Pain relief- morphine, IV nitrates

· Prevention of MI- aspirin, heparin etc.

· Glycoprotein Iib/IIIa inhibitors (tirofiban and eptifibatide) where high MI risk

Nitrates (in general): 

· Potent coronary vasodilators
· Reduce venous return and hence left ventricular workload (reduces oxygen demand to muscle)

Side effects: 

· Flushing

· Headache

· Postural hypotension

GTN- Glyceryl trinitrate * by Alison Black

Sublingual preparation- 300µg tablet, or spray

Fast acting symptomatic relief (5 mins) due to sub-lingual absorption

Only lasts for 20-30 mins 

Contra-indications: hypotension, hypovolaemia, aortic&mitral stenosis

Side Effects: postural hypotension, tachycardia (but paradoxical bradycardia also reported); throbbing headache, dizziness; less commonly nausea, vomiting, heartburn; flushing; temporary hypoxaemia; rash; application site reactions with transdermal patches; very rarely angle-closure glaucoma
Dose 300µg-1mg as required sublingual

Isosorbide dinitrate - Long acting nitrate by Alison Black 

Metabolised into isosorbide mononitrate: See mechanism of operation below

Sublingual prep, or transdermal

Can be used as symptomatic relief or prophylaxis in more frequent angina

Slower to act than GTN

Modified release prep lasts up to 12 hours

May rapidly lead to tolerance if frequently used

Side effects: as GTN

Dose: 30-120mg in divided dose for angina; Up to 40-240mg in divided doses for LVF
Isosorbide mononitrate * by Alison Black

Isosorbide mononitrate is an active metabolite of isosorbide dinitrate and exerts qualitatively similar effects. Isosorbide mononitrate reduces the workload of the heart by producing venous and arterial dilation. 

By reducing the end diastolic pressure and volume, isosorbide mononitrate lowers intramural pressure, hence leading to an improvement in the subendocardial blood flow. The net effect when administering isosorbide mononitrate is therefore a reduced workload for the heart and an improvement in the oxygen supply/demand balance of the myocardium.

Nitrates are highly effective in the prophylaxis of symptomatic and asymptomatic myocardial ischaemia. Nitrates dilate coronary arteries not only in prestenotic and poststenotic vessels, but also in eccentric lesions. The natural initiator of vascular relaxation is thought to be endothelium-derived relaxing factor (EDRF), which has both the clinical and biological characteristics of nitric oxide (NO). Organic nitrates are metabolised to NO in the muscle cell via a sulfhydryl dependent mechanism. They are therefore thought to be the physiological substitute for EDRF.
Prophylactic- once daily modified release formulation e.g. Monomil XL (60 mg)
Both GTN and ID can be given IV, indications:

· Chest pain due to MI

· Severe angina pain

· Sublingual insufficient relief

· Acute LVF

Dose: Initially 20mg BD, up to 120mg divided doses

Nicorandil - Potassium channel activator by Alison Black

It acts by relaxing the smooth muscle of the coronary arteries and also the smooth muscle in vascular muscle. It does this through two methods. Firstly it is a potassium channel activator, and secondly it donates NO to activate guanylate cyclase. Guanylate cyclase then causes activation of GMP leading to both arterial and venous vasodilatation.
Veno and arterio-dilator

Prophylaxis stable angina

Improves exercise tolerance, reduces symptom frequency
Stored in fridge

Dose: 5mg OD days 1-3, then 5mg BD 4-8, then 10mg BD thereafter (i.e. 20mg total)

Atenolol by O. Plunket

In the new NICE guidelines, -blockers are no longer first line anti-hypertensives

Atenolol belongs to the Beta-blocker class – it is mildly cardioselective ((1 > (2).

Atenolol is recommended for angina pectoris, cardiac arrhythmia, and for early intervention within 12 hours of myocardial infarction. 

Mode of operation: 

The mode of action of atenolol and other beta-blockers in the moderation of hypertension is still not fully understood although its effects on plasma renin and cardiac output are probably of primary importance.  
Systemically:  Atenolol alters baroreceptor reflex sensitivity; causes sympathetic blockade; and ( renin production (( (  (  levels of angiotensin II).

Vasculature:  Mechanism unknown. Resets peripheral vascular resistance to lower level 

( (  ( systolic BP. 
Heart:  Atenolol causes (1 blockade ( ( HR and ( contractility ( (  ( cardiac output and 

( cardiac work. This property improves exercise tolerance in anginal patients.

Side effects: 

· Bradycardia

· Heart failure 

· Hypotension 

· Conduction disorders 

· Bronchospasm 

· Peripheral vasoconstriction 

· Exacerbation of intermittent claudication and raynaud's phenomenon 

· Gastro-intestinal disturbances 

· Fatigue 

· Sleep disturbances 

· Rarely, rashes and dry eyes 

· Sexual dysfunction

· Exacerbation of psoriasis
Contraindications: 

· Asthma (can be used with extreme caution and specialist supervision when no alternative)

· Uncontrolled heart failure 

· Prinzmetal's angina 

· Marked bradycardia 

· Hypotension 

· Sick sinus syndrome 

· Second- or third- degree AV block 

· Cardiogenic shock 

· Metabolic acidosis 

· Severe peripheral arterial disease 

· Phaeochromocytoma (unless with alpha-blockers)
Cautions: 

Reduce dose of oral propranolol in hepatic impairment; renal impairment; pregnancy; breast feeding.
· Avoid abrupt withdrawal especially in ischaemic heart disease

· First-degree AV block

· Portal hypertension (risk of deterioration in liver function)

· Diabetes 

· History of obstructive airways disease (introduce cautiously and monitor lung function) 

· Myasthenia gravis 

· History of hypersensitivity—may increase sensitivity to allergens and result in serious hypersensitivity response, also may reduce response to adrenaline. 

· Beta-blockers may precipitate asthma and this effect can be dangerous.

Interactions: 

Atenolol has no specific interaction information, but as a Beta-blocker it will have the following interactions

	Drug
	Effect of interaction

	ACE Inhibitors
	Enhanced hypotensive effect when beta-blockers given with ACE inhibitors

	Alpha-blockers
	Enhanced hypotensive effect when beta-blockers given with alpha-blockers, also increased risk of first-dose hypotension with post-synaptic alpha-blockers such as prazosin

	Amiodarone
	Increased risk of bradycardia, AV block and myocardial depression when beta-blockers given with amiodarone

	Ampicillin
	Reduces atenolol serum levels.

	Analgesics
	Antihypertensive effects of beta-blockers may be impaired by non-steroidal anti-inflammatory drugs (nsaids), particularly indomethacin – avoid concomitant use.

	Angiotensin-II Receptor Antagonists
	Enhanced hypotensive effect when beta-blockers given with angiotensin-II receptor antagonists

	General Anaesthetics
	Enhanced hypotensive effect when beta-blockers given with general anaesthetics

	Anti-arrhythmics
	Increased myocardial depression when beta-blockers given with anti-arrhythmics

	Antidepressants and antipsychotics
	Phenothiazines and tricyclic antidepressants and tropisetron may increase the risk of ventricular arrhythmias Enhanced hypotensive effect with monoamine oxidase inhibitors (maois).

	Anxiolytics and hypnotics
	Enhanced hypotensive effect with benzodiazepines.

	Calcium-channel Blockers
	Enhanced hypotensive effect when beta-blockers given with calcium-channel blockers

	Cardiac Glycosides
	Increased risk of AV block and bradycardia when beta-blockers given with cardiac glycosides

	Diltiazem
	Increased risk of AV block and bradycardia when beta-blockers given with diltiazem

	Flecainide
	Increased risk of myocardial depression and bradycardia when beta-blockers given with flecainide

	Insulin
	Beta-blockers enhance hypoglycaemic effect of insulin

	Antimalarials
	Risk of bradycardia increased with mefloquine.

	Nifedipine
	Possible severe hypotension and heart failure when beta-blockers given with nifedipine

	Noradrenaline (norepinephrine)
	Severe hypertension when beta-blockers given with noradrenaline (norepinephrine) especially with non-selective beta-blockers

	NSAIDs
	Hypotensive effect of beta-blockers antagonised by nsaids

	Verapamil
	Asystole, severe hypotension and heart failure when beta-blockers given with verapamil


Monitoring: 

No absolute monitoring requirements. Sudden withdrawal may cause an exacerbation of angina and therefore gradual reduction of dose is preferable when beta-blockers are to be stopped.
Dose: 

Orally:
Hypertension- 25–50 mg daily. 

Angina- 100 mg daily in 1 or 2 doses.

Arrhythmias- 50–100 mg daily.

Intravenous injection: 

Arrhythmias- 2.5 mg at a rate of 1 mg/minute, repeated at 5-minute intervals to a max. of 10 mg. Note: Excessive bradycardia can be countered with intravenous injection of atropine sulphate 0.6–2.4 mg in divided doses of 600 micrograms.

Myocardial infarction- early intervention within 12 hours of myocardial infarction over 5 minutes, 5 mg, then 50 mg after 15 minutes, 50 mg after 12 hours, then 100 mg daily.

Intravenous infusion:

Arrhythmias- 150 micrograms/kg over 20 minutes, repeated every 12 hours if required.
Anti-Arrhythmic Drugs
Mechanisms of arrhythmias

· Automaticity

· Triggered activity

· Re-entrant pathways
Impulse formation (Automaticity) 
· Impulse formation starts at ‘pacemaker’ cells
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These have ‘automaticity’ – they fire action potentials spontaneously at distinctive rates.

· SA nodal cells  (60-100 bpm)

· AV nodal cells

· Bundle of His (50-60 bpm)

· Bundle branches 

· Purkinje fibres (30-40 bpm)

· Myocardial cells outside the conducting system may acquire automaticity in certain pathological conditions

Table 2

	Phase
	Transport
	Increased by
	Decreased by

	4
	Slow Na+ inwards
	(1 stimulation
	Parasympathetic stim.

	0
	Slow Ca++ inwards *
	
	Parasympathetic stim.

	3
	Inactivation of Ca++
K+ outwards
	
	


* cf conduction in phase 0 of non-pacemaker cells which is achieved through fast Na channels

Useful information

· Automatic tachyarrhythmias can occur in atria, AV junction, or ventricles

· Account for less than 10% of tachyarrhytmias

· Often have warm-up and warm-down periods

· Metabolic causes: ischemia, hypoxemia, hypokalemia, hypomagnesemia, acid/base disorders, high sympathetic tone.
(1 stimulation (via cardiac accelerator nerve)

· Increases the chance that a given Na+ channel will be open

· Allows the action potential to be generated at a more negative voltage (earlier).

· ( blockers block these effects

Parasympathetic stimulation (via vagus nerve – CN X)

· Reduces the chance that a given Na+ channel will be open

· Reduces the chance that a given Ca++ channel will be open

· Makes the maximum diastolic potential (the lowest point between phases 3 & 4) more negative hence more time is required for phase 4 depolarisation to achieve the action potential threshold.

· Atropine, an anticholinergic blocks these effects

Latent pacemakers may develop enhanced automaticity – if a latent pacemaker develops a rate of firing faster than the normal pacemaker then it will take over as the regulator of heart rate. This is termed an ectopic beat with a series of such beats making an ectopic rhythm.

Non-pacemaker cells may develop automaticity – these cells do not normally posess automaticity. If these cells develop a rate of firing faster than the normal pacemaker then they will take over as the regulator of heart rate. This is another type of ectopic beat with a series of such beats making an ectopic rhythm.

Treatments

· Reducing the slope of spontaneous phase IV depolarization

· Prolonging the action potential
· Calcium channel (class IV) and beta blockers (class II) can be effective

· Other antiarrhythmic drugs tend to be ineffective 

· Treat underlying illness and correct metabolic abnormalities
Atenalol (O Plunkett)

The mode of action of atenolol and other beta-blockers in the moderation of hypertension is still not fully understood although its effects on plasma renin and cardiac output are probably of primary importance.  
Systemically:  Atenolol alters baroreceptor reflex sensitivity; causes sympathetic blockade; and ( renin production (( (  (  levels of angiotensin II).

Vasculature:  Mechanism unknown. Resets peripheral vascular resistance to lower level 

( (  ( systolic BP. 
Heart:  Atenolol causes (1 blockade ( ( HR and ( contractility (see table 2) ( (  ( cardiac output and ( cardiac work. This property improves exercise tolerance in anginal patients.
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Supraventricular arrythmias, angina, hypertension

This is a Class IV antidysrrhythmic and it blocks L-Type Calcium Channels. Calcium ions contribute to the pacemaker activity of nodal cells.  The increase in intracellular calcium triggers the release of more intracellular calcium from the sarcoplasmic reticulum which results in the activation of the myofilament contraction.

There is also an action on myocytes:

L-Type Calcium channels are voltage gated and allow the influx of Ca2+ into cardiac myocytes. The influx of calcium is required for plateau phase of the cardiac action potential 

Triggered Activity
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Arrhythmias originating from afterdepolarizations

· Afterdepolarisations are oscillations in membrane potential caused by an arriving action potential. If these are sufficient to reach the threshold potential then a second (and possibly more) action potential will occur – this could potentially result in a tachyarrythmia

Early Afterdepolarizations

· Occur during phase 2 or 3
· Can occur when outward currents are inhibited or inward currents are enhanced

· Generally seen under circumstances that prolong duration of action potential

· hypokalemia, hypomagnesemia

· antiarrhythmic drugs

· Proposed mechanism for Torsades de Pointes
Factors Increasing EAD

· Autonomic - increased sympathetic tone - increased catacholamines - decreased parasympathetic

· Metabolic - hypoxia - acidosis

· Electrolytes - Cesium – Hypokalemia

· Drugs - Sotalol - N-acetylprocainamide - Quinidine

· Heart Rate – bradycardia
Delayed Afterdepolarizations
· Occur during phase 4
· Thought to be related to accumulation of intracellular calcium and activation of non specific cation channel

· Most common DAD arrhythmia is caused by digoxin toxicity
Factors Increasing DAD

· Tachycardia

· Cardiac glycosides

· Hypokalemia

· Hypercalcemia

· Catacholamines (e.g stress / exercise)
Treatment

· Suppression of early and delayed afterdepolarisations

Lidocaine – by Alan McLeod

Indication: Class Ib agents are indicated for the treatment of ventricular tachycardia and symptomatic premature ventricular beats, and prevention of ventricular fibrillation. In addition, lidocaine eliminates delayed afterdepolarisations.
Lidocaine is classified as a Class Ib antiarrhythmic agent, and inhibit the fast sodium and typically reduces the action potential duration.  It works preferentially on diseased or ischaemic cell as conditions (e.g. (acidity, ( extracellular K+) increase the ability of class Ib agents to block the NA+ channel.
Impulse conduction – reentry arrythmias

Due to gap junctions that connect all myocardial cells an impulse generated in one cell will travel to another, rapidly bring it to it’s own threshold so that an action potential will fire thus sending the original impulse onwards.

Reentry

· Accounts for most clinically significant tachyarrhytmias and requires:

· Two parallel conducting pathways connected proximally and distally by conducting tissue

· Prolonged refractory in one pathway

· Slowed conduction in the other pathway

· Initiating event (premature contraction)

Tachycardia zone

· Time from end of refractory period of shorter-refractory pathway to the end of refractory period of longer-refractory pathway

· Treating reentry involves narrowing or abolishing the tachycardia zone
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· Normally the potential would branch, travel at equal speeds down each pathway (leaving refractory cells behind) it until reaching point X where it stops as it cannot be passed on through cells in their refractory state.

· A unidirectional block means that an impulse is blocked from traveling in one direction only. It stops traveling at the block.

· If the pathway round the other block is particularly slow then the cells at the block have time to recover from their refractory state and so can be depolarized again – in this case with the impulse traveling ‘the wrong way’ and setting up a loop that means the pathway is self-perpetuating and can serve as an ectopic focus.
Treatment

· Further impairment of impulse travel in the abnormal limb of the circuit so that the impulse ‘dies out’

· Increasing refractory period such that when the abnormally propagating signal reached point ‘r’ in the figure above the cells there are still refractory and so the impulse stops.
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Class I : Block sodium channel

Slow conduction velocity
In the pacemaker cells this decreases the slope of phase 4 and so prolongs the time until a depolarization occus (see fig, green = normal, black = with sodium channed blockade)
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Class III : Block potassium channels

Increase in refractory period length.
Amiodarone – by Valerie Potter

An increase in the refractory period of the atrial cells is a major contributing action to the control of atrial tachyarrhythmias.
A reduction in the permeability of the A-V node  explains the efficacy of the drug in nodal tachycardias caused by re-entry through the A-V node.

Its action on ventricular arrhythmias is explained by a number of mechanisms:

· The effect on the atrium and A-V node results in a reduction in the frequency of stimuli reaching the ventricle thus giving the ventricular cell mass time to repolarise in cases where there has been desynchronisation of the refractory periods. 

· lengthening of the refractory period of the His-Purkinje system and ventricular contractile fibres reduces or prevents micro re-entry. 

Amiodarone increases coronary blood flow  and decreases cardiac oxygen requirements without producing negative inotropic effects and also suppresses ectopic pacemakers, and this is particularly valuable in arrhythmias associated with ischaemic damage or angina pectoris.

The site and mode of action of amiodarone can be summarised in terms of its effect on myocardial electrophysiology.                                                                            

· Sinus Node:  It decreases sinus automaticity by reducing the slow diastolic depolarisation gradient in the nodal cell. 

· Atrio-Ventricular (A-V) Node:It reduces the speed of conduction and increases the refractory period of the A-V node.

· His-Purkinje System: It increases the refractory period but does not modify the speed of conduction of the His-Purkinje system.

· Contractile Fibres:It increases the action potential but does not alter the rate of depolarisation of the atrial or ventricular myocardial cells; an effect that is more marked in the atria than the ventricles.

	Oral Dose
	IV Dose
	Monitoring

	Load with 200mg tds wk 1,200bd wk2 and 200 od wk 3
	initially 5 mg/kg in 20–120 minutes subsequent infusion up to max. 1.2 g in 24 hours

For ventricular fibrillation/pulseless ventricular tachycardia by intravenous injection over at least 3 minutes, 300 mg
	with ECG monitoring

monitor response


Antiarrhythmics : Effect on Action Potential

Alter ion channels in cardiac cell membrane

Change shape of action potential

Affect 3 electrophysiological properties of cardiac tissue

automaticity

conduction velocity

refractory period

Automatic Arrhythmia

Seen in patients with metabolic abnormalities which change characteristics of phase 4

Antiarrhythmic drugs ineffective (calcium channel and beta blockers can be effective)

Treat underlying illness and correct metabolic abnormalities

Triggered Activity

Precise mechanism of EAD/DAD poorly understood.

No drug therapy available to prevent ion fluxes

Antiarrhythmic drugs cause of EAD

Treating DADs involves discontinuing digoxin
Antiarrhythmic drugs directly affect the mechanism responsible for reentrant tachyarrhythmias

Functioning reentrant circuit requires

one pathway with slowed conduction

one pathway with prolonged refractory period

Antiarrhythmic drugs alter the properties of the reentrant circuit

Classification of Antiarrhythmic Drugs

Class I : Block sodium channel

Slow conduction velocity

Class II : Block adrenergic receptors

blunt sympathetic effects

Class III : Block potassium channels

increase refractory periods

Class IV : Block calcium channels

affect primarily SA and AV nodes

http://www.cardiology.utmb.edu/Archive/slides/antiarrh/sld059.htm
Class 1b Antiarrythmic agents

Lidocaine – by Alan McLeod

Indication: Class Ib agents are indicated for the treatment of ventricular tachycardia and symptomatic premature ventricular beats, and prevention of ventricular fibrillation.
Lidocaine is classified as a Class Ib antiarrhythmic agent, blocking the sodium channel of the cardiac action potential, which decreases automaticity by reducing the slope of phase 0 of depolarization with little effect on the PR interval, QRS complex or QT interval. It eliminates delayed aftredepolarisations.
Class 1c Antiarrhythmic agents

Flecainide – by Rachael keys

Indication:  Class Ic agents are indicated for life-threatening ventricular tachycardia or ventricular fibrillation, and for the treatment of refractory supraventricular tachycardia (ie: atrial fibrillation).It can be toxic and can affect the reproductive system.
Flecainide is the only drug used from Ic. Class 1 drugs blocks sodium channels by binding to the (-subunit of the sodium channel. This inhibits action potential propagation and reduces the rate of phase 0 depolarisation. Group Ic drugs associate and dissociate with the receptors much slower than other group I drugs therefore reaching a steady-state level of block that does not vary appreciably during the cardiac cycle. They inhibit conduction through the His-Purkinje system thereby prolonging the QRS complex on the electrocardiogram.   

It may be of value in serious symptomatic ventricular arrhythmias. It may also be indicated for junctional re-entry tachycardias and for paroxysmal atrial fibrillation. 
Class III Antiarrythmic agents

Sotalol – by Alan Mcleod

Indications: Sotalol is used to treat ventricular tachycardias as well as atrial fibrillation. Betapace AF is specifically labeled for atrial fibrillation.

It falls into both classes II and III 

· Class II because of its primary action on the (-adrenergic receptors in the heart. This (-blocker effect slows AV nodal conduction.

· Class III because it inhibits the inward K+ channels in the heart. By blocking the postassium channels, sotalol prolongs repolarization, therefore lengthening the QT interval and decreasing automaticity.

Sotalol is not selected for is beta-blocking ability, but rather for its Class III (potassium blocking) properties. 

Amiodarone – by Valerie Potter
Mode of Operation: 
Amiodarone is a Class III antiarrhythmic agent prolonging the action potential duration and hence refractory period of atrial, nodal and ventricular tissues. An increase in the refractory period of the atrial cells is a major contributing action to the control of atrial tachyarrhythmias.
A reduction in the permeability of the A-V node  explains the efficacy of the drug in nodal tachycardias caused by re-entry through the A-V node.

Its action on ventricular arrhythmias is explained by a number of mechanisms. The effect on the atrium and A-V node results in a reduction in the frequency of stimuli reaching the ventricle thus giving the ventricular cell mass time to repolarise in cases where there has been desynchronisation of the refractory periods. Furthermore, a lengthening of the refractory period of the His-Purkinje system and ventricular contractile fibres reduces or prevents micro re-entry. 

Amiodarone increases coronary blood flow  and decreases cardiac oxygen requirements without producing negative inotropic effects and also suppresses ectopic pacemakers, and this is particularly valuable in arrhythmias associated with ischaemic damage or angina pectoris.

The site and mode of action of amiodarone can be summarised in terms of its effect on myocardial electrophysiology.                                                                            

Sinus Node:  It decreases sinus automaticity by reducing the slow diastolic depolarisation gradient in the nodal cell. 

Atrio-Ventricular (A-V) Node:It reduces the speed of conduction and increases the refractory period of the A-V node.

His-Purkinje System: It increases the refractory period but does not modify the speed of conduction of the His-Purkinje system.

Contractile Fibres:It increases the action potential but does not alter the rate of depolarisation of the atrial or ventricular myocardial cells; an effect that is more marked in the atria than the ventricles.

Side effects:  
· Nausea

· Vomiting

· taste disturbances

· raised serum transaminases (may require dose reduction or withdrawal if accompanied by acute liver disorders)

· jaundice

· bradycardia

· pulmonary toxicity (including pneumonitis and fibrosis)

· tremor

· sleep disorders

· hypothyroidism

· hyperthyroidism

· reversible corneal microdeposits (sometimes with night glare)

· phototoxicity

· persistent slate-grey skin discoloration 

· less commonly onset or worsening of arrhythmia, conduction disturbances, peripheral neuropathy and myopathy (usually reversible on withdrawal)

· very rarely chronic liver disease including cirrhosis, sinus arrest, bronchospasm (in patients with severe respiratory failure), ataxia, benign intracranial hypertension, headache, vertigo, epididymo-orchitis, impotence, haemolytic or aplastic anaemia, thrombocytopenia, rash (including exfoliative dermatitis), hypersensitivity including vasculitis, alopecia, impaired vision due to optic neuritis or optic neuropathy (including blindness), anaphylaxis on rapid injection, also hypotension, respiratory distress syndrome, sweating, and hot flushes

Contraindications:

· breast-feeding 

· pregnancy

· sinus bradycardia

· sino-atrial heart block
· unless pacemaker fitted avoid in severe conduction disturbances or sinus node disease

· thyroid dysfunction 

· iodine sensitivity 

· avoid intravenous use in severe respiratory failure

· circulatory collapse (except in cardiac arrest)

· severe arterial hypotension 

· avoid bolus injection in congestive heart failure or cardiomyopathy

Cautions:

· liver-function and thyroid-function tests required before treatment and then every 6 months

· hypokalaemia (measure serum-potassium concentration before treatment)


· chest x-ray required before treatment

· heart failure

· elderly

· severe bradycardia and conduction disturbances in excessive dosage

· intravenous use may cause moderate and transient fall in blood pressure (circulatory collapse precipitated by rapid administration or overdosage) or severe hepatocellular toxicity (monitor transaminases closely)

· porphyria 

Interactions:

Amiodarone has a long half-life; there is a potential for drug interactions to occur for several weeks (or even months) after treatment with it has been stopped. There is a long list but drugs likely to be used with amiodarone and interact include:

	Drug
	Interaction

	Beta blockers
	increased risk of bradycardia, AV block and myocardial depression when amiodarone given with beta-blockers

	Coumarins
	amiodarone inhibits metabolism of coumarins (enhanced anticoagulant effect)

	Digoxin
	amiodarone increases plasma concentration of digoxin (halve dose of digoxin)

	Diuretics
	increased cardiac toxicity with amiodarone if hypokalaemia occurs with diuretics

	Simvastatin
	increased risk of myopathy when amiodarone given with simvastatin

	Verapamil
	increased risk of bradycardia, AV block and myocardial depression when amiodarone given with verapamil


Amiodarone belongs to Anti-arrhythmics and will have the following interactions: 

	Drug
	Interaction

	Anti-arrhythmics
	increased myocardial depression when anti-arrhythmics given with other anti-arrhythmics 

	Antipsychotics
	increased risk of ventricular arrhythmias when anti-arrhythmics that prolong the QT interval given with antipsychotics that prolong the QT interval 

	Beta-blockers
	increased myocardial depression when anti-arrhythmics given with beta-blockers 

	Bupivacaine
	increased myocardial depression when anti-arrhythmics given with bupivacaine 

	Levobupivacaine
	increased myocardial depression when anti-arrhythmics given with levobupivacaine 

	Prilocaine
	increased myocardial depression when anti-arrhythmics given with prilocaine

	Tropisetron
	caution with anti-arrhythmics advised by manufacturer


Monitoring:

· liver-function and thyroid-function tests required before treatment and then every 6 months

· hypokalaemia (measure serum-potassium concentration before treatment)


· chest x-ray required before treatment

Dose:
By mouth, 200 mg 3 times daily for 1 week reduced to 200 mg twice daily for a further week; maintenance, usually 200 mg daily or the minimum required to control the arrhythmia

By intravenous infusion via central venous catheter, initially 5 mg/kg over 20–120 minutes with ECG monitoring; subsequent infusion given if necessary according to response up to max. 1.2 g in 24 hours

Ventricular fibrillation or pulseless ventricular tachycardia 300 mg IV over at least 3 minutes
Class IV Antiarrhythmaic agents

Intro – by Alan McLeod

There are three main types of Class IV agent:

Dihydropyridine calcium channel blockers often used to reduce systemic vascular resistance and arterial pressure, but is not used to treat angina because the vasodilation and hypotension can lead to reflex tachycardia. This CCB class is easily identified by the suffix "-pine".

	· Amlodipine (Norvasc)

· Felodipine (Plendil)

· Nicardipine (Cardene, Carden SR)

· Nifedipine (Procardia, Adalat)

· Nimodipine (Nimotop)
	· Nisoldipine (Sular)

· Nitrendipine (Cardif, Nitrepin)

· Lacidipine (Motens)

· Lercanidipine (Zanidip)


Phenylalkylamine calcium channel blockers are relatively selective for mycardium, reduces myocardial oxygen demand and reverses coronary vasospasm and is often used to treat angina. It has minimal vasodilatory effects compared with dihydropyridines.

· Verapamil (Calan, Isoptin)

Benzothiazepine calcium channel blockers is an intermediate class between phenylalkylamine and dihydropyridines in its selectivity for vascular calcium channels. By having both cardiac depressant and vasodilator actions, benzothiazepines are able to reduce arterial pressure without producing the same degree of reflex cardiac stimulation caused by dihydropyridines.

· Diltiazem (Cardizem)
Verapamil – by Johanne Furness
Used for the treatment of: Angina, Hypertension, Superventricular Arrhythmias 

Mode of Operation:

Verapamil is a Class IV antiarrhythmic (Vaughan Williams Classification). It blocks L-Type Calcium Channels.

L-Type Calcium channels are voltage gated and allow the influx of Ca2+ into cardiac myocytes. The influx of calcium is required for plateau phase of the cardiac action potential (see diagram below). 

[image: image2.png]1 2

<20

Time.




As well as creating the depolarising current for the plateau phase of the action potential, the calcium ions also contribute to the pacemaker activity of nodal cells.  The increase in intracellular calcium triggers the release of more intracellular calcium from the sarcoplasmic reticulum which results in the activation of the myofilament contraction.

By blocking these channels verapamil has a:

1. Negative inotropic effect (reducing the contractility of the heart)

2. Negative chronotropic effect (reducing the heart rate)

3. Negative dromotropic effect (increases the time needed for each beat, the p-t interval)

It also causes vasodilation of:

a. Coronary vessels, increasing coronary blood flow
b. Peripheral vessels, reducing peripheral resistance
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Side Effects:

· Constipation; 

· less commonly

· nausea, 

· vomiting, 

· flushing, 

· headache, 

· dizziness, 

· fatigue, 

· ankle oedema; 

· rarely allergic reactions (erythema, pruritus, urticaria, angioedema, Stevens-Johnson syndrome); 

· myalgia, 

· arthralgia, 

· paraesthesia, 

· erythromelalgia; 

· increased prolactin concentration; 

· rarely gynaecomastia and gingival hyperplasia after long-term treatment; 

· after intravenous administration or high doses, hypotension, heart failure, bradycardia, heart block, and asystole

Contraindications:

Hypotension, bradycardia, second- and third-degree AV block, sick sinus syndrome, cardiogenic shock, sino-atrial block; history of heart failure or significantly impaired left ventricular function, even if controlled by therapy; atrial flutter or fibrillation complicating Wolff-Parkinson-White syndrome; porphyria.

Cautions:

Pregnancy and breast-feeding; 

First-degree AV block; acute phase of myocardial infarction (avoid if bradycardia, hypotension, left ventricular failure); patients taking beta-blockers (important: see below); hepatic impairment: children, specialist advice only; avoid grapefruit juice (may affect metabolism).

Verapamil injection should not be given to patients recently treated with beta-blockers because of the risk of hypotension and asystole. The suggestion that when verapamil injection has been given first, an interval of 30 minutes before giving a beta-blocker is sufficient has not been confirmed.

It may also be hazardous to give verapamil and a beta-blocker together by mouth (should only be contemplated if myocardial function well preserved).

Interactions:

	Drug
	Effect of interaction

	Alcohol
	Increases plasma concentration of alcohol

	Amiodarone
	Increased risk of bradycardia, AV block, myocardial depression

	General anaesthetics
	Hypotensive effect of verapamil increased

	Tricyclic antidepressants
	Increases plasma concentration of tricyclics

	Barbituates
	Effects of verapamil REDUCED

	Beta-blockers
	Asystole, severe hypotension and heart failure

	Cabamazepine
	Verapamil enhances effects of carbamazepine

	Ciclosporin
	Increases plasma concentration of ciclosporin

	Clarithromycin
	Metabolism of verapamil possible inhibited by clarithromycin (increased risk of toxicity)

	Digoxin
	Increases plasma concentration of digoxin, increased risk of AV block and bradycardia

	Erythromycin
	Metabolism of verapamil inhibited by erythromycin (increased risk of toxicity)

	Flecainide
	Increased risk of myocardial depression and asystole when verapamil given with flecainide

	Ivabradine
	Verapamil increases plasma concentration of ivabradine, avoid concomitant use

	Lithium
	Neurotoxicity may occur

	Midazolam
	Verapamil inhibits metabolism of midozolam with increased sedation

	Quinidine
	Verapamil increases plasma concentration of quinidine (extreme hypotension may occur)

	Rifampicin
	Metabolism of verapamil accelerated by rifampicin (plasma concentration significantly reduced)

	Simvastatin
	Increased risk of myopathy

	Sirolimus
	Plasma concentration of both drugs increased when verapamil given with sirolimus

	Theophylline
	Verapamil increases plasma concentration of theophylline (enhanced effect).


Monitoring

Nil required, unless given by slow infusion: see below.

Dose

By mouth, supraventricular arrhythmias (but see also Contra-indications), 40–120 mg 3 times daily

Angina, 80–120 mg 3 times daily

Hypertension, 240–480 mg daily in 2–3 divided doses

By slow intravenous injection over 2 minutes (3 minutes in elderly), 5–10 mg (preferably with ECG monitoring); in paroxysmal tachyarrhythmias a further 5 mg after 5–10 minutes if required

Diltiazem – by Alan McLeod

Diltiazem is a potent vasodilator, increasing blood flow and variably decreasing the heart rate via strong depression of A-V node conduction. It incites very minimal reflex sympathetic changes.
Indications prophylaxis and treatment of angina; hypertension

Cautions reduce dose in hepatic and renal impairment; heart failure or significantly impaired left ventricular function, bradycardia (avoid if severe), first degree AV block, or prolonged PR interval; interactions: Appendix 1 (calcium-channel blockers)

Contra-indications severe bradycardia, left ventricular failure with pulmonary congestion, second- or third-degree AV block (unless pacemaker fitted), sick sinus syndrome; pregnancy; breast-feeding (Appendix 5)

Side-effects bradycardia, sino-atrial block, AV block, palpitation, dizziness, hypotension, malaise, asthenia, headache, hot flushes, gastro-intestinal disturbances, oedema (notably of ankles); rarely rashes (including erythema multiforme and exfoliative dermatitis), photosensitivity; hepatitis, gynaecomastia, gum hyperplasia, extrapyramidal symptoms, depression reported

Dose 

Angina, 60 mg 3 times daily (elderly initially twice daily); increased if necessary to 360 mg daily

Longer-acting formulations, see under preparations below
DIGOXIN by Alistair Burns

Mode of operation: 

· Digoxin is the most commonly used form of digitalis (a cardiac glycoside).

· It is utilised for management of cardiac failure and supraventricular tachycardias; particularly atrial fibrillation.

· The primary action of digoxin is upon the heart where it has 2 main actions:

1. Decrease Heart Rate

2. Increased Force of Contraction

1. Decreased Heart Rate:

Digoxin slows AV conduction by increasing vagal activity through action on the CNS. In AF increased ventricular rate diminishes filling time between beats. Digoxin increases the refractory period allowing more complete ventricular filling between contractions.

Note: In excess the AV node may be fully blocked by this action.

2. Increased Force of Contraction:

Digoxin raises intracellular sodium concentration in cardiac myocytes by partial inhibition of membrane sodium/potassium activated ATPase (Na+/K+ -ATPase). As such the normal extrusion of Ca2+ from the cell via a Na+/Ca2+ exchange is reduced. Thus it indirectly increases intracellular calcium availability.

The increased intracellular calcium leads to positive inotropism.

Note: This action causes increased depolarisation and consequentially potential ectopic beats.

Side effects: 

Usually associated with excessive dosage, include:

· Arrhythmias - Ventricular extra-systoles, ventricular bigeminy / trigemny, atrial tachycardia.

· Complete Heart block,

· Visual disturbances (yellow vision with a ‘star’ pattern around bright lights) – very useful for detecting digoxin toxicity
· Anorexia,
· Nausea,
· Vomiting,
· Diarrhoea,
· Abdominal pain,
· Headache,
· Fatigue,
· Drowsiness,

· Confusion,

· Dizziness,

· Delirium,

· Hallucinations,

· Depression.
Contraindications: 

· Intermittent complete heart block,

· Second degree AV block,

· Supraventricular arrhythmias caused by Wolff-Parkinson-White syndrome,

· Ventricular tachycardia or fibrillation,

· Hypertrophic obstructive cardiomyopathy (unless concomitant atrial fibrillation and heart failure—but with caution)

Cautions: 

· Renal impairment,

· Pregnancy,

· Recent infarction,

· Sick sinus syndrome

· Thyroid disease,

· Elderly,

· Avoid hypokalaemia or hypomagnesaemia (risk of digitalis toxicity),

· Avoid rapid intravenous administration (nausea and risk of arrhythmias),

· Interactions

Interactions:  This is a VERY edited list – Digoxin interacts with most things!

	Drug
	Effect of interaction

	Amiodarone
	Increases plasma concentration of digoxin.

	Antibiotics (several) – Particularly erythromycin, clarithromycin and tetracycline.
	Increase plasma concentration of digoxin.

	Nifedipine
	Increase plasma concentration of digoxin.

	Diuretics – Loop and Thiazide.
	Hypokalaemia increases cardiac toxicity of digoxin – careful monitoring required.

	Calcium channel blockers
	Increased digoxin levels.

	Antimalarials
	Increased digoxin levels.


Monitoring:

Regular monitoring of plasma-digoxin concentration during maintenance treatment is not necessary unless problems are suspected. Hypokalaemia predisposes the patient to digitalis toxicity; it is managed by giving a potassium sparing diuretic or, if necessary, potassium supplementation.
Dose: 

· Rapid digitalisation, by mouth, 1–1.5 mg in divided doses over 24 hours; less urgent digitalisation, 250–500 micrograms daily (higher dose may be divided)

· Maintenance, by mouth, 62.5–500 micrograms daily (higher dose may be divided) according to renal function and, in atrial fibrillation, on heart-rate response; usual range, 125–250 micrograms daily (lower dose may be appropriate in elderly)

· Emergency loading dose by intravenous infusion, 0.75–1 mg over at least 2 hours (see also Cautions) then maintenance dose by mouth on the following day

Adenosine by Alan McLeod

Action on the heart

When administered intravenously, adenosine causes transient heart block in the AV node. It also causes endothelial dependent relaxation of smooth muscle as is found inside the artery walls. This causes dilatation of the "normal" segments of arteries where the endothelium is not separated from the tunica media by atherosclerotic plaque. This feature allows physicians to use adenosine to test for blockages in the coronary arteries, by exaggerating the difference between the normal and abnormal segments.

In individuals suspected of suffering from a supraventricular tachycardia (SVT), adenosine is used to help identify the rhythm. Certain SVTs can be successfully terminated with adenosine. This includes any re-entrant arrhythmias that require the AV node for the re-entry (e.g., AV reentrant tachycardia (AVRT), AV nodal reentrant tachycardia (AVNRT). In addition, atrial tachycardia can sometimes be terminated with adenosine.

Adenosine has a direct effect on atrial tissue causing a shortening of the refractory period. When administered via a central lumen catheter, adenosine has been shown to initiate atrial fibrillation because of its effect on atrial tissue. In individuals with accessory pathways, the onset of atrial fibrillation can lead to a life threatening ventricular fibrillation.

Fast rhythms of the heart that are confined to the atria (e.g., atrial fibrillation, atrial flutter) or ventricles (e.g., monomorphic ventricular tachycardia) and do not involve the AV node as part of the re-entrant circuit are not typically converted by adenosine, however the ventricular reponse rate will be temporarily slowed.

Anti-inflammatory Properties

Adenosine is a potent anti-inflammatory agent, acting at its four G-protein coupled receptors. Topical treatment of adenosine to foot wounds in diabetes mellitus has been shown in lab animals to drastically increase tissue repair and reconstruction. Topical administration of adenosine for use in wound healing deficiencies and diabetes mellitus in humans is currently under clinical investigation.

Indications rapid reversion to sinus rhythm of paroxysmal supraventricular tachycardias, including those associated with accessory pathways (e.g. Wolff-Parkinson-White syndrome); aid to diagnosis of broad or narrow complex supraventricular tachycardias

Cautions atrial fibrillation or flutter with accessory pathway (conduction down anomalous pathway may increase); heart transplant (see below); 

Contra-indications second- or third-degree AV block and sick sinus syndrome (unless pacemaker fitted); asthma

Side-effects include transient facial flush, chest pain, dyspnoea, bronchospasm, choking sensation, nausea, light-headedness; severe bradycardia reported (requiring temporary pacing); ECG may show transient rhythm disturbances

Dose 

By rapid intravenous injection into central or large peripheral vein, 3 mg over 2 seconds with cardiac monitoring; if necessary followed by 6 mg after 1–2 minutes, and then by 12 mg after a further 1–2 minutes; increments should not be given if high level AV block develops at any particular dose


Anticoagulants & Reversal Agents

	DRUG NAME(S)

	Heparin (standard/unractionated) by Kirk Haunts




	DRUG CLASS/GROUP

	Anticoagulant




	MECHANISM OF ACTION

	IV anticoagulant that potentiates the protease inhibitor anti-thrombin III which inactivates thrombin (and factors IXa,Xa,XIa,XIIa)




	INDICATIONS/USES

	-Immediate or quickly reversible anticoagulation: DVT, PE, MI/ACS, extracorporeal circuits (haemodialysis, cardio-pulm bypass) 




	CONTRA-INDICATIONS (major)

	Haemorrhagic disorders (haemophilia), past HIT, decreased Pt, severe HTN, PU, recent CVA, L.




	DOSE

	- IVI to target APPT. 5000 units bolus, then 12-25 units/kg/hour (1500 units per hour). Check APPT every 6h, then 6-10h, then daily to target.




	SIDE EFFECTS

	Haemorrhage, decreased Pt (HIT – Heparin Induced Thrombocytopenia – risk increased with use over 5 days), hypersensitivity (anaphalaxis, urticaria, angioedema) High K (inhibits aldosterone)




	INTERACTIONS

	-DM, CRF, Acidosis, K sparing drugs, Liver disease




	MONITORING

	APPT (target 1.5-2.5), FBC > 5 days Tx, U&E > 7 days Tx


Protamine by Wendy Kellagher

Mode of action

Protamine sulfate is a drug that reverses the anticoagulant effects of heparin by binding to it. It is a strongly basic drug which binds to heparin which is acidic, forming a stable salt with no anticoagulant properties. It is however important not to give too much as in excess or when administered on its own in a high dose, it has an anticoagulant effect itself. 

Indications for use are: Heparin overdose

Protamine is isolated from the sperm of various fish, and is a highly cationic peptide. This is relevant for the cautions of use – see below!

Side effects

nausea, vomiting, lassitude, flushing, hypotension, bradycardia, dyspnoea; hypersensitivity reactions (including angioedema, anaphylaxis) reported

Contraindications

As for anticoagulants if used alone. Or absence of Heparin if used as an antidote!

Cautions

see above; also if increased risk of allergic reaction to Protamine (includes previous treatment with Protamine or Protamine insulin, allergy to fish, men who are infertile or who have had a vasectomy)

Interactions

None listed

Monitoring 

INR

Dose

By intravenous injection (rate not exceeding 5 mg/minute), 1 mg neutralises 80–100 units heparin when given within 15 minutes of heparin; if longer time, less Protamine required as heparin rapidly excreted; max. 50 mg
Warfarin – by Tameem S Khadri 
Mode of operation:


Warfarin belongs to the Coumarins with a similar structure to vitamin K and is a

Vitamin K antagonist.

The only known biological role of vitamin K is that of the required coenzyme for a vitamin K-dependent carboxylase that catalyzes the carboxylation of glutamic acid, resulting in its conversion to gamma-carboxyglutamic acid (Gla). Although vitamin K-dependent gamma-carboxylation occurs only on specific glutamic acid residues in a small number of proteins, it is critical to the calcium-binding function of those proteins. The ability to bind calcium ions (Ca2+) is required for the activation of the 7 vitamin K-dependent clotting factors in the coagulation cascade.

Although vitamin K is a fat-soluble vitamin, the body stores very little of it, and its stores are rapidly depleted without regular dietary intake. Perhaps, because of its limited ability to store vitamin K, the body recycles it through a process called the vitamin K cycle. The vitamin K cycle allows a small amount of vitamin K to function in the gamma-carboxylation of proteins many times, decreasing the dietary requirement. Warfarin prevents the recycling of vitamin K.
Summary:

Warfarin blocks vitamin K dependant (-carboxylation of glutamate residues resulting in the production of modified factors VII, IX,X and prothrombin (II). These are made inactive in promoting coagulation because the (-carboxylation confers Ca2+-binding properties that are essential for the proteins to assemble into an efficient catalytic complex. 

The oral anticoagulants (warfarin) are only active in vivo and take 2-3 days for the full anticoagulant effect to develop. So if an immediate effect is required heparin must be given in addition.
Side effects:

· Haemorrhage

· Hypersensitivity, rash, alopecia, diarrhoea, unexplained drop in haematocrit, ‘purple toes', skin necrosis, jaundice, hepatic dysfunction

· Also nausea, vomiting, and pancreatitis

Contraindications:

· peptic ulcer

· severe hypertension

· bacterial endocarditis

· pregnancy 

Cautions:

· recent surgery

· hepatic impairment 

· renal impairment

· breast-feeding 

· avoid cranberry juice

Interactions: 

Common enzyme inhibitors / potentiators of Warfarin

	Drug
	Effect of interaction

	Amiodarone 

(Class III Antiarrhythmic)


	metabolism of coumarins inhibited by amiodarone (enhanced anticoagulant effect)



	Cimetidine 

(H2 receptor antagonist)


	metabolism of coumarins inhibited by cimetidine (enhanced anticoagulant effect)



	Aspirin

(NSAID)
	increased risk of bleeding when coumarins given with aspirin (due to antiplatelet effect)



	Antibiotics

e.g. Erythromycin
	Reduce Vitamin K synthesis by bacteria in gut so

anticoagulant effect of coumarins possibly enhanced



	ALCOHOL
	Inhibits metabolism of warfarin by liver so anticoagulant effect enhanced


Common enzyme inducers of Warfarin 

	Drug
	Effect of interaction

	Phenytoin
	metabolism of coumarins accelerated by phenytoin (possibility of reduced anticoagulant effect)

	Barbiturates
Phenobarbitol

Primidone
	metabolism of coumarins accelerated by barbiturates (reduced anticoagulant effect)

	Carbamazepine
	metabolism of coumarins accelerated by carbamazepine (reduced anticoagulant effect)


Monitoring:

Essential that INR is determined daily or on alternate days in early days of treatment, then at longer intervals (depending on response), then up to every 12 weeks.

Patients should be advised of the following

· They should take alcohol in moderation whist taking warfarin and avoid binges

· They should avoid aspirin and cranberry juice and ask their doctor before starting any other drugs

· They should tell their dentist (and surgeon if relevant) that they are taking warfarin

· They should inform their doctor if they become pregnant (warfarin is teratogenic but ceasing before 6 wks is usually sufficient to avoid trouble.
· Tell your doctor immediately if any of these signs of serious bleeding occur: unusual pain/swelling/discomfort, prolonged bleeding from cuts or gums, persistent nosebleeds, unusually heavy or prolonged menstrual flow, unusual or easy bruising, dark urine, black stools, severe headache, unusual dizziness.
· The amount of vitamin K in your body affects the way that warfarin works. It is best to avoid sudden changes in your diet, especially unusual increases or decreases in the amount of foods high in vitamin K (e.g., liver, broccoli, cauliflower, cabbage, Brussels sprouts, kale, spinach and other green leafy vegetables, green tea, and certain vitamin supplements). 
· Warfarin can affect the results of certain lab tests. Make sure laboratory personnel and your doctors know you use this drug.
· If you miss a dose, use it as soon as you remember if it is on the same day. If it is near the time of the next dose, skip the missed dose and resume your usual dosing schedule. Do not double the dose to catch up because this could increase your risk for bleeding. Keep a record of missed doses to give to your doctor or pharmacist. Call your doctor or pharmacist if you miss 2 or more doses in a row.
Dose:

Depends on INR (standardised prothrombin time) of individual patient:

· Adult induction dose 10mg daily for 2 days

· Daily maintenance dose usually 3 to 9mg each day depending on individual INR

Warfarin Reversal (FFP, Vit K) by Dan Todkill
Mode of operation: 

Vitamin K is a Procoagulant drug.  Most acquired clotting defects require treatment with vitamin K, and these acquired clotting defects are frequently due to liver disease, vitamin K deficiency (due to malabsorption or lack of bile) or the ingestion of oral anticoagulant drugs.

Vitamin K (or ‘Koagulation’ vitamin in German) is a fat soluble vitamin which occurs in nature synthesised by plants (K1) and by bacteria in the mammalian GI tract (K2).  It is vital for the formation of clotting factors II,VII,IX and X – these are glycoproteins with y – carboxylated glutamic acid (Gla) residues clustered at the N terminal end of the peptide chain.  Y carboxylation occurs after chain synthesis and requires vitamin K as a cofactor.  

By considering the interaction of two clotting factors – Xa and prothrombin (factor II), the role of Vitamin K can be demonstrated.  Factor Xa on its own can convert prothrombin to thrombin on its own, but is exceedingly slow.  In the presence of factor V the reaction is 19 000 times faster.  Calcium is also necessary for the binding of factors Xa and II, but this does not occur unless the glu residues of factors II and Xa have been carboxylated – Vit K is an essential cofactor in the carboxylation of these residues which occurs in liver cells.

Fresh Frozen Plasma (FFP) is plasma obtained after the separation of whole blood from RBCs and platelets and then frozen within 6 h. Each unit of FFP is 200 to 250 mL and contains about 1 unit of each coagulation factor and 2 mg of fibrinogen per milliliter. Mode of action is by providing clotting and coagulation factors.  FFP is appropriate for rapid replacement of multiple coagulation deficiencies such as in liver failure, warfarin overdose, DIC, and massive transfusion in bleeding patients. It should be considered when there is bleeding and the standard coagulation tests [prothrombin time/International Normalized Ratio (PT/INR) or activated partial thromboplastin time (aPTT)] are elevated 1.5 times control. Administration of FFP prophylactically to nonbleeding patients is not indicated, and prophylaxis is not always needed for some procedures in patients with a coagulopathy. For example, patients undergoing paracentesis and thoracentesis are not at increased risk of bleeding until the PT, INR, or aPTT are greater than 2 times control. During massive transfusions, replacement of an entire blood volume leaves only about one-third of normal factors, and although PT and aPTT may be abnormal, clinical coagulopathy does not always occur.

Indications for FFP transfusion include:

· Rapid reversal of warfarin over-anticoagulation

· Bleeding and multiple coagulation defects as evidenced by prolonged PT / INR / aPTT greater than 1.5 control (liver disease, DIC)

· Correction of coagulation defects for which no specific factor is available (Specific factor replacement is safer and better but may not always be available.)

· Transfusion of more than a total of one blood volume with evidence of active bleeding and prolonged PT / aPTT

· Other possible indications for FFP in consultation with a haematologist include TTP, antithrombin III deficiency, and hereditary angioedema (FFP contains C1 esterase).

 
The efficacy of transfused coagulation factors varies, so the increase in specific coagulation factors seen after FFP infusion also varies. In general, 1 unit of FFP will increase most coagulation factors by 3 to 5 percent in a 70-kg adult. The common adult dose of 7 to 8 mL/kg (or 2 units of FFP in a 70-kg individual) will only increase coagulation factors by 10 percent, a clinically inconsequential benefit in most circumstances. For clinically relevant correction of coagulation factor deficiencies, a dose of 15 mL/kg (or 4 units in a 70-kg adult) is required.
As indicated by the name, FFP is stored frozen, and there may be a delay while it is thawed. FFP should be ABO-compatible. After transfusion, bleeding and coagulation studies should be re-evaluated. If coagulation factor consumption is present, repeated FFP transfusion should be guided by the PT / INR / aPTT response.

Side effects: 

Vitamin K side effects 

· Allergic reactions possible

Contraindications: 

· Vitamin K is contraindicated in those hypersensitive to any component of a vitamin K-containing product

Cautions: 

· Intravenous injections should be given very slowly

· Pregnancy

Interactions: 

	Drug
	Effect of interaction

	Coumarins
	Antagonises anticoagulant effect

	Phenindione
	Antagonises anticoagulant effect

	Cephalosporins
	Cefmenoxime, cefoperazone, cefotetan, cefamandole, latamoxef or cefazolin can cause vitamin K deficiency and hypoprothrombinemia.  These are inhibitors of hepatic vitamin K epoxide reductase.

	Cholestyramine
	Concomitant intake of cholestyramine and vit K may reduce vitamin K absorption

	Colestipol
	Concomitant intake of colestipol and vit K may reduce vitamin K absorption

	Mineral oil 
	Concomitant intake of mineral oil and vit K may reduce vitamin K absorption

	Orlistat
	May decrease absorption

	Salicylates
	May inhibit vitamin K epoxide reductase resulting in vitamin K deficiency


Vitamin K monitoring:

1. Prothrombin time (PT) 

2. International normalized ratio (INR)

Fresh Frozen Plasma

Side effects: 

· Allergic reactions including:

· Chills

· Bronchospasm

· Fever

· Adult respiratory distress syndrome

Contraindications: 

· Do not use FFP when coagulopathy can be corrected more effectively with specific therapy (eg… vitamin K)

· Do not use FFP when blood volume can be safely and adequately replaced with other volume expanders (such as 0.9% sodium chloride)

Cautions: 

· Avoid in circulatory overload

· Need for compatability

Interactions: non-listed in the b.n.f
Monitoring: Check patient vital signs (pulse rate, respiration rate, blood pressure and temperature) at the start of transfusion AND at least after 15 minutes, at the end of transfusion AND if there is ANY reaction. Record observations in patient’s notes
Dose: 
The main adverse effect of all oral anticoagulants is haemorrhage. Checking the INR and omitting doses when appropriate is essential; if the anticoagulant is stopped but not reversed, the INR should be measured 2–3 days later to ensure that it is falling. The following recommendations (which take into account the recommendations of the British Society for Haematology) are based on the result of the INR and whether there is major or minor bleeding; the recommendations apply to patients taking warfarin:

· Major bleeding—stop warfarin; give phytomenadione (vitamin K1) 5–10 mg by slow intravenous injection; give prothrombin complex concentrate (factors II, VII, IX and X) 30–50 units/kg or (if no concentrate available) fresh frozen plasma 15 mL/kg
· INR > 8.0, no bleeding or minor bleeding—stop warfarin, restart when INR < 5.0; if there are other risk factors for bleeding give phytomenadione (vitamin K1) 500 micrograms by slow intravenous injection or 5 mg by mouth (for partial reversal of anticoagulation give smaller oral doses of phytomenadione e.g. 0.5–2.5 mg using the intravenous preparation orally); repeat dose of phytomenadione if INR still too high after 24 hours

· INR 6.0–8.0, no bleeding or minor bleeding—stop warfarin, restart when INR < 5.0

· INR < 6.0 but more than 0.5 units above target value—reduce dose or stop warfarin, restart when INR < 5.0

· Unexpected bleeding at therapeutic levels—always investigate possibility of underlying cause e.g. unsuspected renal or gastro-intestinal tract pathology

Fibrinolytic Drugs

Streptokinase – by Amy Butters

· Thrombolytic agent

· Protein derived from ß-hemolytic streptococci which combines with plasminogen and increases its conversion to active plasmin.

· Plasmin is a proteolytic enzyme which digests fibrin, fibrinogen, factors II, V & VIII and other proteins resulting in thrombolysis.

Indications

Acute MI thrombolysis criteria: 

· ST elevation >2mm in 2+ contiguous chest leads 

· >1mm in 2+ limb leads

· Posterior MI

· New LBBB

Ideally give within 1 hour. Do not give after 12 hours without specialist advice. 

Only if defibrillator is to hand

SK is the 1st line agent UNLESS the patient has received it previously more than 4 days ago. Otherwise give tPA.

· Dose in MI: 1500 000 units over 60 minutes IV

Deep vein thrombosis

Pulmonary Embolism

Arterial thromboembolism

Central retinal venous or arterial thrombosis

· Dose: 250 000units over 30 minutes then 100 000 units/hours for 12-72 hours

Side Effects

· Nausea & Vomiting

· Bleeding: If severe, stop SK and administer coagulation factors and antifibrinolytic drugs eg. tranexamic acid

· Hypotension: Elevate legs

· Allergic reactions: rash, flushing, uveitis

· Anaphylaxis

Persistence of antibodies to SK may reduce the effectiveness of subsequent treatment if used beyond 4 days of the previous dose.

Contraindications (Absolute contraindications in red)

	Major trauma, or surgery in last 2 weeks
	Ischemic CVA in last 2 months

	Haemorrhagic CVA in last 2 months 
	Traumatic CPR

	Aortic dissection
	Coma

	Bleeding diatheses
	Severe hypertension (SBP>200/DBP>100)

	Past allergy to SK or anistreplase
	Heavy vaginal bleeding

	Pregnancy*
	Coagulation defects

	Active peptic ulcer/ GI bleed
	Active cavitating pulmonary disease

	Severe liver disease/Oesophageal varices
	Hypertensive/DM hemorrhagic retinopathy

	Acute pancreatitis
	Anticoagulant therapy


* Possibility of premature separation of the placenta in 1st 18 weeks. Possibility of fetal hemorrhage throughout preg. Risk of maternal hemorrhage on post-partum use.

Interactions: None listed

Monitoring: Continuous ECG (look for resolution of changes). Blood pressure (hypotension). Clotting profile. Cardiac enzymes.

Urokinase – by Helen Audrain

Mechanism of action:

Urokinase is an enzyme that is a thrombolytic agent, similar to Streptokinase. It works by activating plasminogen to form plasmin, which degrades fibrin and so breaks up thrombin. Its main use is to dissolve blood clots that form in catheters used in vascular surgery. It is also used to break up thrombus formed in blood vessels (PE or MI).

Anti-platelet Drugs

Asprin – by Jenny Daniel

Mode of operation: 

Acetlysalicylic acid is a precursor of salicylic acid which, like other NSAIDS, inhibits cyclo-oxygenase enzymes. However, unlike other NSAIDS, Aspirin irreversibly inhibits COX1 and COX2 (Acetylates COX)

COX1 enzymes are “housekeeping” enzymes, producing prostaglandins that cause bronchodilation, mucus secretion in stomach etc.

COX2 enzymes produce the prostaglandins responsible for inflammatory responses. Prostaglandins also sensitise nociceptors to noxious stimuli.

Aspirin has 4 actions:

· Antiplatelet- Aspirin irreversibly binds to platelet COX resulting in inhibition of Thromboxane A2 formation from arachidonic acid. TXA2 has 2 actions: increases platelet aggregation via IP3 medicated rise in Ca++ and causes endothelial vasoconstriction.

· Anti-inflammatory- Inhibition of COX2 
· Analgesic- Inhibition of COX2 thus prostaglandin production, reducing sensitivity of nociceptors.
· Anti-pyrexial- IL-1 release from activated macrophages (bacteria, etc.) induces COX-2 in the brain leading to prostaglandin E2 production, which affects thermoregulation, causing fever. 

Side effects

· Bronchospasm

· Gastro-intestinal haemorrhage (occasionally major)

· Other haemorrhage (e.g. subconjunctival).

· Tinnitus

· Vertigo

· Confusion

· Hypersensitivity reactions

Cautions

hepatic impairment; renal impairment; pregnancy; asthma; uncontrolled hypertension; previous peptic ulceration. 
Contra-indications

Breast-feeding and children under 16 years (due to risk of Reye's syndrome); active peptic ulceration; haemophilia and other bleeding disorders.

Side-effects

Bronchospasm; gastro-intestinal haemorrhage (occasionally major), also other haemorrhage (e.g. subconjunctival)

Interactions
	Drug
	Effect of interaction

	Warfarin
	Increases anticoagulant effects

	ACEi
	Risk of renal impairment if using regular high dose aspirin

	AII receptor antagonists
	Risk of renal impairment if using regular high dose aspirin


Monitoring: None required. Consider stopping 7d before surgery if significant bleeding is expected unless cardiac surgery or patient has unstable angina.

Dose: 

Acute MI- 150-300mg, chewed

Long term MI management- 75mg daily

Pain relief- 0.3–1 g every 4 hours after food; max. in acute conditions 8 g daily; child, juvenile arthritis, up to 80 mg/kg daily in 5–6 divided doses after food, increased in acute exacerbations to 130 mg/kg

DIPYRIDAMOLE (PERSANTIN®) – by Angharad Jenkins
Antiplatelet agent: inhibits platlet aggregation (also leads to arterial dilatation, including coronary arteries).  May inhibit thrombus formation in the coronary circulation where anticoagulants have little effect.

Mode of operation
Dypiridamole is a phosphodiesterase inhibitor.  

A phosphodiesterase inhibitor is a drug that blocks one or more of the five subtypes of the enzyme phosphodiesterase (PDE), therefore preventing the inactivation of the intracellular second messengers, cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP), by the respective PDE subtype(s).  

Phosphodiesterase is the enzyme that hydrolyses cAMP to inactive 5’ AMP.  The normal action of cAMP is to inhibit release of calcium from intracellular stores in the platelet, which are released during platelet activation.  Increased cAMP levels result in decreased calcium levels and inhibition of platelet aggregation.
Indications
1. Secondary prevention of ischaemic stroke and TIA (modified release preparations)

2. Prophylaxis of thromboembolism from prosthetic valves (as adjunct to warfarin)

3. Dipyridamole is also used in combination with low-dose aspirin; this combination may reduce the risk of recurrent stroke but evidence of long-term benefit on cardiovascular mortality has not been established.
Cautions
· Rapidy worsening angina

· Recent MI

· Heart failure

· Aortic stenosis

· Hypotension

· Migraine (may exacerbate)

· Myasthenia gravis (risk of exacerbation)

· Breast feeding (small amount present in milk)

· Not known to be harmful in pregnancy

Side effects
· Gastro-intestinal effects

· Dizziness

· Myalgia

· Throbbing headache

· Hypotension

· Hot flushes and tachycardia
· Worsening symptoms of coronary heart disease

· Hypersensitivity reactions (rash, urticaria, severe bronchospasm, angioedema)

· Increased bleeding during or after surgery

· Thrombocytopenia (rare)

Interactions
	Drug
	Effect of interaction

	Warfarin
	Enhances anticoagulant effect of coumarins



	Adenosine


	Enhances and extends the effects of adenosine (important risk of toxicity)



	Phenindione 


	Enhances anticoagulant effect of phenindione



	Cholinesterase inhibitors


	Decreases effects of cholinesterase inhibitors

	Theophyllines
	The effect of dypiridamole is reduced by theophyllines



	Heparins


	Enhances anticoagulant effect of heparins

	Clopidogrel


	Increased risk of bleeding when used with dypiridamole


Other possible interactions
· Antacids may reduce the absorption of dypiridamole

· Dipyridamole may reduce the effects of fludarabine (cytotoxic antimetabolite used in malignant disease and for immunosuppression)

Dose

· 300-600mg daily in 3-4 divided doses before food (normally 100-200mg tds)

· Modified release preparation (PERSANTIN® Retard) 200mg bd with food

With aspirin (ASASANTIN® Retard) 1 capsule bd (contains aspirin 25mg and M/R dypridamole 200mg

Anti-hypertensive Drugs

Atenolol by O. Plunket

In the new NICE guidelines, -blockers are no longer first line anti-hypertensives

Full details of this drug are listed under ‘anti-anginals’ on page 8.

Losartan Pottasium - Rachael Keys

Angiotensin II Receptor Antagonist (angiotensin receptor blockers- ARBs)
Drugs in the same group: Olmesartan, telmisartan, valsartan, Candesartan, eprosartan, irbesartan.

Mode of action

Losartan is a angiotensin-II receptor antagonists causing inhibition at the angiotensin II receptor therefore blocking the action of angiotensin II. By blocking angiotensin II the following actions are prevented:

1. stimulation of zona glomerulosa of the adrenal cortex to release aldosterone

2. direct vasoconstriction of arterioloes within the kidney

3. sodium reabsorption from the proximal tubule

4. release of ADH.

(Aldosterone is a steroid that induces the synthesis of sodium channels and Na+/K+ ATPase pumps in the luminal membrane of the cortical collecting ducts. Therefore a greater amount of sodium and therefore water is reabsorbed which increases blood volume and pressure)

Losartan therefore results in vasodilatation with a consequent reduction in peripheral resistance. Unlike ACE inhibitors, they do not inhibit the breakdown of bradykinin and other kinins, and thus are unlikely to cause the persistent dry cough which commonly complicates ACE inhibitor therapy. 

Indications

Hypertension, including patients with left ventricular hypertrophy; diabetic nephropathy in type 2 diabetes mellitus. Used as an alternative to ACE inhibitors in patients who have to discontinue ACE inhibitors due to a persistent dry cough. 

Contra-indications

Angiotensin-II receptor antagonists, like the ACE inhibitors, should be avoided in pregnancy

And in breast feeding.

Cautions

· Angiotensin-II receptor antagonists should be used with caution in renal artery stenosis. 

· Monitoring of plasma-potassium concentration is advised, particularly in the elderly and in patients with renal impairment; lower initial doses may be appropriate in these patients. 

· Angiotensin-II receptor antagonists should be used with caution in aortic or mitral valve stenosis and in obstructive hypertrophic cardiomyopathy. 

· Afro-Caribbean patients, particularly those with left ventricular hypertrophy, may not benefit from an angiotensin-II receptor antagonist. 

Side-effects

· Symptomatic hypotension including dizziness may occur, particularly in patients with intravascular volume depletion (e.g. those taking high-dose diuretics).

· Hyperkalaemia occurs occasionally; angioedema has also been reported with some angiotensin-II receptor antagonists.

· Others include: diarrhoea, taste disturbance, cough, arthralgia, myalgia, asthenia, fatigue, migraine, vertigo, urticaria, pruritus, rash; rarely hepatitis, anaemia (in severe renal disease or following renal transplant), thrombocytopenia, vasculitis (including Henoch-Schönlein purpura).  

Dose

· Usually 50 mg once daily (intravascular volume depletion, initially 25 mg once daily); if necessary increased after several weeks to 100 mg once daily.

· Elderly over 75 years initially 25 mg daily

· Use with caution and at lower doses in liver disease and renal impairment: Start with 25 mg once daily.

Interactions

	Drug
	Effect of interaction

	ACE Inhibitors
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with ACE inhibitors

	Alcohol
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with alcohol

	Alpha-blockers
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with alpha-blockers

	Aspirin
	risk of renal impairment when angiotensin-II receptor antagonists given with aspirin (in doses over 300 mg daily), also hypotensive effect antagonised

	Beta-blockers
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with beta-blockers. Since systemic absorption may follow topical application of beta-blockers to the eye the possibility of interactions, in particular, with drugs such as verapamil should be borne in mind

	Calcium-channel Blockers
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with calcium-channel blockers 



	Ciclosporin
	increased risk of hyperkalaemia when angiotensin-II receptor antagonists given with ciclosporin

	Clonidine
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with clonidine

	Corticosteroids
	hypotensive effect of angiotensin-II receptor antagonists antagonised by corticosteroids 



	Diazoxide
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with diazoxide

	Diuretics
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with diuretics

	Diuretics, Potassium-sparing and Aldosterone Antagonists
	increased risk of hyperkalaemia when angiotensin-II receptor antagonists given with potassium-sparing diuretics and aldosterone antagonists

	Drospirenone
	risk of hyperkalaemia when angiotensin-II receptor antagonists given with drospirenone

	Epoetin
	antagonism of hypotensive effect and increased risk of hyperkalaemia when angiotensin-II receptor antagonists given with epoetin

	Heparin
	increased risk of hyperkalaemia when angiotensin-II receptor antagonists given with heparin

	Hydralazine
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with hydralazine

	Moxonidine
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with moxonidine

	Nitrates
	enhanced hypotensive effect when angiotensin-II receptor antagonists given with nitrates

	NSAIDs
	increased risk of renal impairment when angiotensin-II receptor antagonists given with NSAIDs , also hypotensive effect antagonised 




Drug name: Doxazosin by Emaese

Mode of Operation: [Indications: Hypertension, BPH]

Selective alpha1-adrenoceptor antagonist. It blocks (1 receptors thereby causing vasodilation and a reduction in arterial blood pressure. Can be used in combination with other antihypertensive drugs. It is also used to treat benign prostatic hyperplasia – relaxes smooth muscle of bladder neck and prostate capsule, therefore increasing urinary flow rate and improving obstructive symptoms.

Side effects:

	· postural hypotension

· dizziness

· vertigo

· headache

· fatigue

· asthenia 

· diarrhoea

· vomiting

· agitation
	· oedema

· sleep disturbance

· nausea

· rhinitis

· less frequently abdominal discomfort

· tremor 

· rash 

· pruritus
	· epistaxis 

· haematuria 

· thrombocytopenia 

· purpura 

· leucopenia 

· hepatitis 

· jaundice 

· cholestasis

· urinary incontinence;


· rarely blurred vision

Contraindications: Alpha-blockers should be avoided in patients with a history of postural hypotension and micturition syncope.

Cautions: Caution may be required in the elderly and in patients with hepatic impairment (Appendix 2) and severe renal impairment (Appendix 3); pregnancy (Appendix 4); breast-feeding (Appendix 5); Care with initial dose (may cause postural hypotension) since selective alpha-blockers reduce blood pressure, patients receiving antihypertensive treatment may require reduced dosage and specialist supervision; susceptibility to heart failure; 

Interactions: 

	Drug
	Effect of interaction

	ACE Inhibitors
	enhanced hypotensive effect when alpha-blockers given with ACE inhibitors

	Alcohol
	enhanced hypotensive effect when alpha-blockers given with alcohol

	Angiotensin-II Receptor Antagonists
	enhanced hypotensive effect when alpha-blockers given with angiotensin-II receptor antagonists

	Beta-blockers
	enhanced hypotensive effect when alpha-blockers given with beta-blockers , also increased risk of first-dose hypotension with post-synaptic alpha-blockers such as prazosin

	Calcium-channel Blockers
	enhanced hypotensive effect when alpha-blockers given with calcium-channel blockers , also increased risk of first-dose hypotension with post-synaptic alpha-blockers such as prazosin

	Diuretics
	enhanced hypotensive effect when alpha-blockers given with diuretics , also increased risk of first-dose hypotension with post-synaptic alpha-blockers such as prazosin

	Nitrates
	enhanced hypotensive effect when alpha-blockers given with nitrates


Monitoring: none.

Dose: Hypertension, 1 mg daily, increased after 1–2 weeks to 2 mg once daily, and thereafter to 4 mg once daily, if necessary; max. 16 mg daily

BPH - Initially 1 mg daily; dose may be doubled at intervals of 1–2 weeks according to response, up to max. 8 mg daily; usual maintenance 2–4 mg daily
Drug Name: Phenoxybenzamine by Emaese
Indication: hypertensive episodes in phaeochromocytoma
Mode of Operation: 

Phenoxybenzamine is a non-selective alpha-adrenoceptor antagonist (it blocks both (1and (2 receptors). It causes vasodilation and a fall in arterial pressure.

Methydopa by Alan McLeod

Methyldopa has variable absorption from the gut of approximately 50%. It is metabolized in the intestines and liver; its metabolite alpha-methylnorepineprine acts in the brain to stimulate alpha-adrenergic receptors decreasing total peripheral resistance. It is excreted in urine.

Methyldopa, in its active metabolite form, leads to increased alpha-2 receptor-mediated inhibition of SNS (centrally and peripherally), allowing PSNS tone to increase. Such activity leads to a decrease in total peripheral resistance (TPR) and cardiac output.

If methyldopa is abruptly withdrawn, rebound hypertension happens. This results because the long term use of methyldopa lowers the sensitivity of presynaptic alpha 2 receptors: the release of norepinephrine (NE) from sympathetic nerve endings is modulated by NE itself acting on the presynaptic alpha 2 autoreceptors thus inhibiting its own release. The discontinuation of methyldopa removes the inhibition on NE release leading to excessive NE release from the SNS and the rebound hyertension.

Indications hypertension

Cautions history of liver impairment (Appendix 2); renal impairment (Appendix 3); blood counts and liver-function tests advised; history of depression; positive direct Coombs' test in up to 20% of patients (may affect blood cross-matching); interference with laboratory tests; interactions: Appendix 1 (methyldopa)

Driving Drowsiness may affect performance of skilled tasks (e.g. driving); effects of alcohol may be enhanced

Contra-indications depression, active liver disease, phaeochromocytoma; porphyria (section 9.8.2)

Side-effects gastro-intestinal disturbances, dry mouth, stomatitis, sialadenitis; bradycardia, exacerbation of angina, postural hypotension, oedema; sedation, headache, dizziness, asthenia, myalgia, arthralgia, paraesthesia, nightmares, mild psychosis, depression, impaired mental acuity, parkinsonism, Bell’s palsy; abnormal liver function tests, hepatitis, jaundice; pancreatitis; haemolytic anaemia; bone-marrow depression, leucopenia, thrombocytopenia, eosinophilia; hypersensitivity reactions including lupus erythematosus-like syndrome, drug fever, myocarditis, pericarditis; rashes (including toxic epidermal necrolysis); nasal congestion, failure of ejaculation, impotence, decreased libido, gynaecomastia, hyperprolactinaemia, amenorrhoea

Dose 

Initially 250 mg 2–3 times daily, increased gradually at intervals of at least 2 days, max. 3 g daily; elderly initially 125 mg twice daily, increased gradually, max. 2 g daily

Moxonidine by Alan McLeod
Moxonidine is a selective agonist at the imidazoline subtype 1 (I1) receptor. This receptor subtype is found in both the rostral ventro-lateral pressor and ventromedial depressor areas of the medulla oblongata. Moxonidine therefore causes a decrease in sympathetic nervous system activity and, therefore, a decrease in blood pressure.

Comparing to the older central acting antihypertensive, Moxonidine binds with much greater affinity to the imidazoline I1-receptor than to the (2-receptor. In contrast, clonidine binds to both receptors with equal affinity.

In addition, Moxonidine may also promote sodium excretion, improve insulin resistance and glucose tolerance and protect against hypertensive target organ damage, such as kidney disease and cardiac hypertrophy.

ndications mild to moderate essential hypertension

Cautions avoid abrupt withdrawal (if concomitant treatment with beta-blocker has to be stopped, discontinue beta-blocker first, then moxonidine after a few days); susceptibility to angle-closure glaucoma; renal impairment (Appendix 3); interactions: see Appendix 1 (moxonidine)

Contra-indications history of angioedema; conduction disorders (sick sinus syndrome, sino-atrial block, second- or third-degree AV block); bradycardia; life-threatening arrhythmia; severe heart failure; severe coronary artery disease, unstable angina; severe liver disease or severe renal impairment; also on theoretical grounds: Raynaud’s syndrome, intermittent claudication, epilepsy, depression, Parkinson’s disease; pregnancy (Appendix 4); breast-feeding (Appendix 5)

Side-effects dry mouth; headache, fatigue, dizziness, nausea, sleep disturbance (rarely sedation), asthenia, vasodilatation; rarely skin reactions; very rarely angle-closure glaucoma

Dose 

200 micrograms once daily in the morning, increased if necessary after 3 weeks to 400 micrograms daily in 1–2 divided doses; max. 600 micrograms daily in 2 divided doses (max. single dose 400 micrograms)

Minoxidil by Alan McLeod

Minoxidil is a vasodilator and originally was exclusively used as an oral drug (Loniten®) to treat high blood pressure. It was, however, discovered to have the interesting side effect of hair growth and reversing baldness, and in the 1980s, Upjohn Corporation produced a topical solution that contained 2% minoxidil to be used to treat baldness and hair loss, under the brand name Rogaine in the United States, and Regaine outside the United States. Treatments usually include a 5% concentration solutions that are designed for men, while the 2% concentration solutions are designed for women. It is unknown how the drug stimulates hair growth.

Minoxidil is a "potassium channel agonist." It contains the chemical structure of Nitric oxide (NO), a blood vessel dilator, and may be a nitric oxide agonist. This may explain Minoxidil's ability to stimulate hair growth and treat hair loss. Since Minoxidil is a nitric oxide related compound it was suspected to act via activation of Guanylate cyclase, an enzyme involved in vasodilation, however there are no reports of cGMP or PKG activation to date. [1]
Indications severe hypertension, in addition to a diuretic and a beta-blocker

Cautions see notes above; angina; after myocardial infarction (until stabilised); lower doses in dialysis patients; porphyria (section 9.8.2); pregnancy (Appendix 4); interactions: Appendix 1 (minoxidil)

Contra-indications phaeochromocytoma

Side-effects sodium and water retention; weight gain, peripheral oedema, tachycardia, hypertrichosis; reversible rise in creatinine and blood urea nitrogen; occasionally, gastro-intestinal disturbances, breast tenderness, rashes

Dose 

Initially 5 mg (elderly, 2.5 mg) daily, in 1–2 doses, increased by 5–10 mg every 3 or more days; max. usually 50 mg daily

Minoxidil should be reserved for the treatment of severe hypertension resistant to other drugs. Vasodilatation is accompanied by increased cardiac output and tachycardia and the patients develop fluid retention. For this reason the addition of a beta-blocker and a diuretic (usually furosemide, in high dosage) are mandatory. Hypertrichosis is troublesome and renders this drug unsuitable for women.
Hydralazine by Laura Connolly

Indications:

· Moderate to severe hypertension
· Heart failure
· Hypertensive crisis (including during pregnancy)
Mode of operation: 

· Hydaralazine is a vasodilator antihypertensive drug.  

· It acts mainly on arteries and arterioles, causing a fall in blood pressure accompanied by a reflex tachycardia and an increased cardiac output.

· It interferes with the action of IP3 on Ca2+ release from the sarcoplasmic reticulum.

Side effects:  Side effects can be few if dose is kept below 100mg daily.

· tachycardia 

· palpitations 

· flushing 

· hypotension 

· fluid retention 

· gastro-intestinal disturbances 

· headache 

· dizziness 

· systemic lupus erythematosus-like syndrome after long-term therapy with over 100 mg daily (or less in women and in slow acetylator individuals). Suspect if there is unexplained weight loss, arthritis, or any other unexplained ill health. 

· rarely rashes, fever, peripheral neuritis, polyneuritis, paraesthesia, arthralgia, myalgia, increased lacrimation, nasal congestion, dyspnoea, agitation, anxiety, anorexia. 

Contraindications: 

· idiopathic systemic lupus erythematosus

· high output heart failure 

· myocardial insufficiency due to mechanical obstruction 

· cor pulmonale 

· dissecting aortic aneurysm 

· porphyria

Cautions: 

· hepatic impairment  

· renal impairment 

· pregnancy  

· breast-feeding 

· coronary artery disease (may provoke angina, avoid after myocardial infarction until stabilised) 

· cerebrovascular disease 

· occasionally blood pressure reduction too rapid even with low parenteral doses 

Hydralazine given by mouth is a useful adjunct to other treatment, but when used alone it causes tachycardia and fluid retention. The incidence of side-effects can be reduced if the dose is kept below 100 mg daily, but systemic lupus erythematosus should be suspected if there is unexplained weight loss, arthritis, or any other unexplained ill health.
Interactions: 

	ACE Inhibitors
	enhanced hypotensive effect when hydralazine given with ACE inhibitors

	Alcohol
	enhanced hypotensive effect when hydralazine given with alcohol

	Alpha-blockers
	enhanced hypotensive effect when hydralazine given with alpha-blockers

	Anaesthetics
	General
enhanced hypotensive effect when hydralazine given with general anaesthetics 


	Angiotensin-II Receptor Antagonists
	enhanced hypotensive effect when hydralazine given with angiotensin-II receptor antagonists

	Beta-blockers
	enhanced hypotensive effect when hydralazine given with beta-blockers

	Calcium-channel Blockers
	enhanced hypotensive effect when hydralazine given with calcium-channel blockers 




	Clonidine
	enhanced hypotensive effect when hydralazine given with clonidine

	Corticosteroids
	hypotensive effect of hydralazine antagonised by corticosteroids

	Diuretics
	enhanced hypotensive effect when hydralazine given with diuretics

	Methyldopa
	enhanced hypotensive effect when hydralazine given with methyldopa

	Nitrates
	enhanced hypotensive effect when hydralazine given with nitrates


Monitoring: manufacturer advises test for antinuclear factor and for proteinuria every 6 months and check acetylator status before increasing dose above 100 mg daily, but evidence of clinical value unsatisfactory.

Dose: 

By mouth

· hypertension, 25 mg twice daily, increased to usual max. 50 mg twice daily. 

· heart failure (initiated in hospital) 25 mg 3–4 times daily, increased every 2 days if necessary; usual maintenance dose 50–75 mg 4 times daily

By slow intravenous injection

· hypertension with renal complications and hypertensive crisis, 5–10 mg diluted with 10 mL sodium chloride 0.9%; may be repeated after 20–30 minutes (see Cautions)

By intravenous infusion, 

· hypertension with renal complications and hypertensive crisis, initially 200–300 micrograms/minute; maintenance usually 50–150 micrograms/minute

Enalapril by Alan McLeod

ACE inhibitors lower arteriolar resistance and increase venous capacitance; increase cardiac output and cardiac index, stroke work and volume, lower renovascular resistance, and lead to increased natriuresis (excretion of sodium in the urine).

Normally, angiotensin II will have the following effects: - vasoconstriction (narrowing of blood vessels) - cardiac hypertrophy - stimulate the adrenal cortex to release aldosterone, a hormone which acts on kidney tubules to retain sodium and chloride ions and excrete potassium. Sodium is a "water-holding" molecule, so water is also retained. This leads to increased blood volume, hence an increase in blood pressure. - stimulate the posterior pituitary into releasing vasopressin (also known as anti-diuretic hormone (ADH)) which also acts on the kidneys to increase water retention.

With ACE inhibitor use, the effects of angiotensin II are prevented, leading to decreased blood pressure.

Epidemiological and clinical studies have shown that ACE inhibitors reduce the progress of diabetic nephropathy independently from their blood pressure-lowering effect. This action of ACE inhibitors is utilised in the prevention of diabetic renal failure.

ACE inhibitors have been shown to be effective for indications other than hypertension even in patients with normal blood pressure. The use of a maximum dose of ACE inhibitors in such patients (including for prevention of diabetic nephropathy, congestive heart failure, prophylaxis of cardiovascular events) is justified because it improves clinical outcomes, independent of the blood pressure lowering effect of ACE inhibitors. Such therapy, of course, requires careful and gradual titration of the dose to prevent the patient suffering from the effects of rapidly decreasing their blood pressure (dizziness, fainting, etc).

Indications hypertension; symptomatic heart failure (adjunct—see section 2.5.5); prevention of symptomatic heart failure in patients with left ventricular dysfunction

Cautions see notes above; hepatic impairment (Appendix 2)

Contra-indications see notes above
Side-effects see notes above; also dyspnoea; depression, asthenia; blurred vision; less commonly dry mouth, peptic ulcer, anorexia, ileus; arrhythmias, palpitation, flushing; confusion, nervousness, drowsiness, insomnia, vertigo; impotence; muscle cramps; tinnitus; alopecia, sweating; hyponatraemia; rarely stomatitis, glossitis, hepatic failure, Raynaud's syndrome, pulmonary infiltrates, allergic alveolitis, dream abnormalities, gynaecomastia, Stevens-Johnson syndrome, toxic epidermal necrolysis, exfoliative dermatitis, pemphigus; very rarely gastro-intestinal angioedema

Dose 

Hypertension, used alone, initially 5 mg once daily; if used in addition to diuretic (see notes above), or in renal impairment, lower initial doses may be required; usual maintenance dose 20 mg once daily; max. 40 mg once daily

Heart failure (adjunct), asymptomatic left ventricular dysfunction, initially 2.5 mg daily under close medical supervision (see notes above); increased over 2–4 weeks to usual maintenance dose 20 mg daily in 1–2 divided doses (but see section 2.5.5); max. 40 mg daily

Cautions

ACE inhibitors need to be initiated with care in patients receiving diuretics (important: see Concomitant diuretics, below); first doses may cause hypotension especially in patients taking high doses of diuretics, on a low-sodium diet, on dialysis, dehydrated or with heart failure (see above). They should also be used with caution in peripheral vascular disease or generalised atherosclerosis owing to risk of clinically silent renovascular disease (see also above). Renal function should be monitored before and during treatment, and the dose reduced in renal impairment (see also above and Appendix 3). The risk of agranulocytosis is possibly increased in collagen vascular disease (blood counts recommended). ACE inhibitors should be used with care in patients with severe or symptomatic aortic stenosis (risk of hypotension) and in obstructive hypertrophic cardiomyopathy. They should also be used with care (or avoided) in those with a history of idiopathic or hereditary angioedema. Use ACE inhibitors with caution in breast-feeding (see Appendix 5). Interactions: Appendix 1 (ACE inhibitors)

Anaphylactoid reactions  To prevent anaphylactoid reactions, ACE inhibitors should be avoided during dialysis with high-flux polyacrylonitrile membranes and during low-density lipoprotein apheresis with dextran sulphate; they should also be withheld before desensitisation with wasp or bee venom

Concomitant diuretics  ACE inhibitors can cause a very rapid fall in blood pressure in volume-depleted patients; treatment should therefore be initiated with very low doses. If the dose of diuretic is greater than 80 mg furosemide or equivalent, the ACE inhibitor should be initiated under close supervision and in some patients the diuretic dose may need to be reduced or the diuretic discontinued at least 24 hours beforehand. If high-dose diuretic therapy cannot be stopped, close observation is recommended after administration of the first dose of ACE inhibitor, for at least 2 hours or until the blood pressure has stabilised.

Contra-indications

ACE inhibitors are contra-indicated in patients with hypersensitivity to ACE inhibitors (including angioedema) and in known or suspected renovascular disease (see also above). ACE inhibitors should not be used in pregnancy (Appendix 4).

Side-effects

ACE inhibitors can cause profound hypotension (see Cautions) and renal impairment (see Renal effects above), and a persistent dry cough. They may also cause angioedema (onset may be delayed), rash (which may be associated with pruritus and urticaria), pancreatitis and upper respiratory-tract symptoms such as sinusitis, rhinitis, and sore throat. Gastro-intestinal effects reported with ACE inhibitors include nausea, vomiting, dyspepsia, diarrhoea, constipation, and abdominal pain. Altered liver function tests, cholestatic jaundice and hepatitis have been reported. Hyperkalaemia, hypoglycaemia and blood disorders including thrombocytopenia, leucopenia, neutropenia and haemolytic anaemia have also been reported. Other reported side-effects include headache, dizziness, fatigue, malaise, taste disturbance, paraesthesia, bronchospasm, fever, serositis, vasculitis, myalgia, arthralgia, positive antinuclear antibody, raised erythrocyte sedimentation rate, eosinophilia, leucocytosis and photosensitivity.
The renin-angiotensin-aldosterone system is a series of reactions designed to help regulate blood pressure.

· When blood pressure falls (for systolic, to 100 mm Hg or lower), the kidneys release the enzyme renin into the bloodstream.

· Renin splits angiotensinogen, a large protein that circulates in the bloodstream, into pieces. One piece is angiotensin I.

· Angiotensin I, which is relatively inactive, is split into pieces by angiotensin-converting enzyme (ACE). One piece is angiotensin II, which is very active.

· Angiotensin II, a hormone, causes the muscular walls of small arteries (arterioles) to constrict, increasing blood pressure. Angiotensin II also triggers the release of the hormone aldosterone from the adrenal glands.

Aldosterone causes the kidneys to retain salt (sodium) and excrete potassium. The sodium causes water to be retained, thus increasing blood volume and blood pressure.
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