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Summary Table

	
	Action
	Inhaled Dose
	Other dose
	Levels

	Salbutamol, 
	Short acting beta-agonist
	100-200 mcg

T-TT PRN
	-
	-

	Salmeterol
	Long acting beta-agonist
	50-100 mcg

TT-4T daily
	-
	-

	Beclomethasone
	Glucocorticoid
	NR
	NR
	NR

	Montelukast
	Leukotriene receptor antagonist
	NR
	NR
	NR

	Ipratropium bromide
	Muscarinic antagonist
	20-40 mcg TDS / QDS
	-
	-

	Aminophylline 
	PDE inhibitor
	-
	500 mcg / kg / hr*
	YES

	Theophylline 
	PDE inhibitor
	-
	NR
	YES

	Rifater
	Compound antibiotic
	-
	TTT – 6T daily PO
	-

	Rifampicin
	Inhibits RNA synth
	-
	300 mg od PO
	-

	Isoniazid
	Inhibits cell wall synth
	-
	600 mg od PO
	-

	Pyrazinamide
	Inhibits RNA synth
	-
	2 g od PO
	-

	Ethambutol
	Inhibits cell wall synth
	-
	15 mg / kg od PO
	-


NR= data not required for exam   * Using ideal weight for height to reduce risk of OD in the obese

Oxygen

Oxygen should be regarded as a drug. It is prescribed for hypoxaemic patients to increase alveolar oxygen tension and decrease the work of breathing necessary to maintain a given arterial oxygen tension. As a drug, it must be prescribed. Use the normal cardex and ring around all the time slots to indicate continuous supply. Do not prescribe PRN – it is unlikely to be given. Some Kardexes have a special box for medical gases – use this if it is present.

Hypoxia kills faster than hypercapnia and CO2 retainers are rare (even in those with COPD) – if in doubt start O2 at 40% and move from there.
If ABG shows >1.5 kPa increase in PaCO2, consider a respiratory stimulant (e.g. doxapram 1.5 – 4 mg / min IV) or assisted ventilation (e.g. NIPPV – non-invasive positive pressure ventilation). 

Contraindications: paraquat poisoning (but may be administered if needed to preserve life!).

Cautions: COPD

Side effects: may dry mucosa

Monitoring: SATS and ABG as clinically required.
Oxygen delivery systems are divided into fixed and variable delivery systems:
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A fixed performance device utilises the HAFOE principle (High Air Flow with Oxygen Enrichment). O2 (A) flows into a jet (B) to entrain air through apertures (C) in the venturi barrel (D). The resultant air/oxygen mixture containing the prescribed O2 concentration flows into the face piece (E) for patient breathing. Surplus gas leaves the mask through the holes (F) to flush out expired CO2. When oxygen flow is increased, more air is entrained, to maintain a constant oxygen concentration. This means that the exact FiO2 is known and does not vary.
One example of this type of mask is the Venturi Mask in which the colour of the mask’s aperture reflects the FiO 2 achieved (24%: blue; 28%: white; 35%: yellow; 40%: red; 60%: green). The flow rate of oxygen to be used with each colour is printed on the Venturi barrel.

Changing the FiO2 means a new mask is needed.
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This is a Hudson mask – a commonly used type of variable flow delivery system.

The advantage of this system is that the FiO2 can be varied simply by changing the flow rate of O2. 
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The disadvantage is that the exact FiO2 varies with the patients breathing pattern and cannot be exactly known.

The last commonly used delivery system is nasal cannulae (right) – these too are a variable system – they may be used with up to 4L of oxygen and are not likely to achieve FiO2 greater than 28%. They are useful for patients who are normally on low levels of home oxygen treatment.

So what system should I use?

	Well but slightly low SATs

Long term home oxygen
	Nasal cannulae

	Asthma / LVF / pneumonia
	Hudson mask if required FiO2 <50% (approx 50% with 15L / min flow)

Add a reservoir bag if required FiO2 >50-70% (at 15 L / min flow)

	COPD
	Venturi mask


More detail is available from:http://www.studentbmj.com/issues/04/02/education/56.php
Domiciliary oxygen
Oxygen should only be prescribed for patients in the home after careful evaluation in hospital by respiratory experts; it should never be prescribed on a placebo basis.

Patients should be advised of the fire risks when receiving oxygen therapy.

Air travel

Some patients with arterial hypoxaemia will require supplementary oxygen for air travel. The patient's requirement should be discussed with the airline before travel.

Intermittant oxygen may be prescribed for patients with advanced irreversible respiratory disorders to increase mobility and capacity for exercise and to ease discomfort, for example in chronic obstructive pulmonary disease. Appropriate patients may be prescribed portable equipment through the hospital service, refillable from cylinders in the home.

Under the NHS oxygen may be supplied as oxygen cylinders. Oxygen flow can be adjusted as the cylinders are equipped with an oxygen flow meter with ‘medium' (2 litres/minute) and ‘high' (4 litres/minute) settings.

Patients are supplied with either constant or variable performance masks. The Intersurgical 010 28%, Venticaire Venturi Mask 28%, or Ventimask Mk IV 28% are constant performance masks and provide a nearly constant supply of oxygen (28%) despite variations in oxygen flow rate and the patient's breathing pattern. The variable performance masks include the Intersurgical 005 Mask and the Venticaire Mask; the concentration of oxygen supplied to the patient varies with the rate of flow of oxygen and with the patient's breathing pattern. If a mask which provides 24% oxygen is required, it may be ordered from BOC Medical.

Long-term oxygen therapy

Long-term administration of oxygen (at least 15 hours daily) prolongs survival in some patients with chronic obstructive pulmonary disease.

The Royal College of Physicians has produced guidelines for oxygen therapy (Domiciliary oxygen therapy services: Clinical guidelines and advice for prescribers; June 1999). Assessment for long-term oxygen therapy requires measurement of arterial blood gas tensions. Measurements should be taken on 2 occasions at least 3 weeks apart to demonstrate clinical stability, and not sooner than 4 weeks after an acute exacerbation of the disease. The guidelines recommend that long-term oxygen therapy should be considered for patients with:

· chronic obstructive pulmonary disease with PaO2 < 7.3 kPa when breathing air during a period of clinical stability;

· chronic obstructive pulmonary disease with PaO2 7.3–8 kPa in the presence of secondary polycythaemia, nocturnal hypoxaemia, peripheral oedema or evidence of pulmonary hypertension;

· interstitial lung disease with PaO2 < 8 kPa and in patients with PaO2 > 8 kPa with disabling dyspnoea;

· cystic fibrosis when PaO2 < 7.3 kPa or if PaO2 7.3–8 kPa in the presence of secondary polycythaemia, nocturnal hypoxaemia, pulmonary hypertension or peripheral oedema;

· pulmonary hypertension, without parenchymal lung involvement when PaO2 < 8 kPa;

· neuromuscular or skeletal disorders, after specialist assessment;

· obstructive sleep apnoea despite continuous positive airways pressure therapy, after specialist assessment;

· pulmonary malignancy or other terminal disease with disabling dyspnoea;

· heart failure with daytime PaO2 < 7.3 kPa (on air) or with nocturnal hypoxaemia;

· paediatric respiratory disease, after specialist assessment.

Increased respiratory depression is seldom a problem in patients with stable respiratory failure treated with low concentrations of oxygen although it may occur during exacerbations; patients and relatives should be warned to call for medical help if drowsiness or confusion occur.

Oxygen concentrators are more economical for patients requiring oxygen for long periods, and in England and Wales can be ordered on the NHS on a regional tendering basis (see below). A concentrator is recommended for a patient requiring oxygen for more than 8 hours a day (or 21 cylinders per month). Exceptionally, if a higher concentration of oxygen is required the output of 2 oxygen concentrators can be combined using a ‘Y’ connection.

A nasal cannula is usually preferred for long-term oxygen therapy from an oxygen concentrator. It can, however, produce dermatitis and mucosal drying in sensitive individuals.
Treatment of Asthma (and other reversible airways constriction)

A useful mnemonic for the treatment of acute asthma is O SHIT (oxygen, salbutamol, (2.5 - 5 mg  NEBs – back-to-back if needed) hydrocortisone (200 mg IV), ipratropium (500 micrograms  NEBs repeated as necessary), theophyline (5 mg/kg [500 mg max] IV over at least 20 mins)

Patients with severe asthma may be helped by magnesium sulphate [unlicensed indication] but evidence of benefit is limited; it may be given by intravenous infusion of magnesium sulphate 1.2–2 g over 20 minutes or by nebulisation of 2.5 mL isotonic magnesium sulphate (60 mg/mL) in 2.5 mL salbutamol nebuliser solution (1 mg/mL).
Salbutamol and Salmeterol by Alan McLeod

Both of these are beta agonists and so activate  receptors to increase intracellular cAMP. There are two main types of beta receptor:

	1
	Heart
	( HR (acts at SA node)

( Conduction velocity and automaticity (at AV node)

( Force of contraction (atria and ventricles)

	
	Kidney
	( Renin release


	2
	Lungs
	Relaxes bronchial muscle (bronchodilation)

	
	Skel muscle
	( contractility, relaxation of blood vessels (( blood flow)

	
	Uterus
	Relaxation 

	
	Ciliary muscle
	Relaxation


Obviously it is the effect on the lungs 2 that is desired here – if a drug is not fully 2 selective then some side effects may come from 1 effects or 2 effects in other locations.

Side-effects of the beta2 agonists include: 

· Fine tremor (particularly in the hands)

· Nervous tension

· Headache

· Muscle cramps

· Palpitations

· Tachycardia and arrhythmias 

· Disturbances of sleep and behaviour in children.

Paradoxical bronchospasm (esp with salmeterol), urticaria, angioedema, hypotension, and collapse have also been reported. 2 agonists are associated with hypokalaemia after high doses.

Contraindications: None

Cautions: hyperthyroidism, cardiovascular disease, arrhythmias, susceptibility to QT-interval prolongation, and hypertension.

Interactions

	Digoxin
	May reduce digoxin concentration.

	Methyldopa
	Acute hypotension if salbutamol infusion given.

	Corticosteroids
	Hypokalaemia with high dose of beta 2 agonist.

	Loop / thiazide diuretics
	Hypokalaemia with high dose of beta 2 agonist.

	Theophiline
	Hypokalaemia with high dose of beta 2 agonist.


Monitoring: Potassium levels in severe asthma.

Salbutamol: Short acting 2 agonist

Asthma and other conditions associated with reversible airways obstruction; premature labour (due to effects on uterus)
By aerosol inhalation, 100–200 micrograms (1–2 puffs); for persistent symptoms up to 4 times daily. Child 100 micrograms (1 puff), increased to 200 micrograms (2 puffs) if necessary; for persistent symptoms up to 4 times daily. Prophylaxis in exercise-induced bronchospasm, 200 micrograms (2 puffs); child 100 micrograms (1 puff), increased to 200 micrograms (2 puffs) if necessary

By inhalation of powder (for Ventolin Accuhaler® and Asmasal® dose see under preparation), 200–400 micrograms; for persistent symptoms up to 4 times daily (but see also Chronic Asthma table); child 200 micrograms

Prophylaxis in exercise-induced bronchospasm, 400 micrograms; child 200 micrograms

Note Bioavailability appears to be lower, so recommended doses for dry powder inhalers are twice those in a metered inhaler

By inhalation of nebulised solution, chronic bronchospasm unresponsive to conventional therapy and severe acute asthma, adult and child over 18 months 2.5 mg, repeated up to 4 times daily; may be increased to 5 mg if necessary, but medical assessment should be considered since alternative therapy may be indicated; child under 18 months, [unlicensed] (transient hypoxaemia may occur—consider supplemental oxygen), 1.25–2.5 mg up to 4 times daily but more frequent administration may be needed in severe cases
By mouth (but use by inhalation preferred), 4 mg (elderly and sensitive patients initially 2 mg) 3–4 times daily; max. single dose 8 mg (but unlikely to provide much extra benefit or to be tolerated); child under 2 years 100 micrograms/kg 4 times daily [unlicensed]; 2–6 years 1–2 mg 3–4 times daily, 6–12 years 2 mg 3–4 times daily

By subcutaneous or intramuscular injection, 500 micrograms, repeated every 4 hours if necessary

By slow intravenous injection, 250 micrograms, repeated if necessary

By intravenous infusion, initially 5 micrograms/minute, adjusted according to response and heart-rate usually in range 3–20 micrograms/minute, or more if necessary; child 1 month–12 years 0.1–1 microgram/kg/minute [unlicensed]

Salmeterol: Long acting 2 agonist

COPD; reversible airways obstruction (including nocturnal asthma and prevention of exercise-induced bronchospasm) in patients requiring long-term regular bronchodilator therapy
By inhalation, asthma, 50 micrograms (2 puffs or 1 blister) twice daily; up to 100 micrograms (4 puffs or 2 blisters) twice daily in more severe airways obstruction; child over 4 years, 50 micrograms (2 puffs or 1 blister) twice daily

Chronic obstructive pulmonary disease 50 micrograms (2 puffs or 1 blister) twice daily

Counselling Advise patients that salmeterol should not be used for relief of acute attacks, not to exceed prescribed dose, and to follow manufacturer's directions; if a previously effective dose of inhaled salmeterol fails to provide adequate relief, a doctor's advice should be obtained as soon as possible

Glucocorticoids by A. McLeod

Inhaled steroids (e.g. beclomethasone may be used in the long term treatment of asthma (as anti-inflammatory agents) and, occasionally, chronic bronchitis and emphysema.

In asthma, airway inflammation is present even in mild disease, and therapy with inhaled glucocorticoids is now recommended at a much earlier stage than previously.

Molecular mechanisms of action - inhaled glucocorticoids are highly lipophilic. They rapidly enter airway cells and bind to cytosolic receptors. The glucocorticoid-receptor complex then moves into the nucleus where they alter the transcription of various genes. The complex may also inhibit the transcription of the genes for cytokines implicated in asthmatic inflammation.

Cellular effects - inhaled steroids may have inhibitory effects on many cells involved in airway inflammation including macrophages, T-lymphocytes, eosinophils, and airway epithelial cells. They may also inhibit plasma exudation and mucus secretion in inflamed airways.

Anti-inflammatory effects - there is a marked anti-inflammatory effect of inhaled glucocorticoids on the bronchial mucosa in patients with asthma.

Effects on airway hyperresponsiveness - inhaled steroids consistently lessen airway hyperresponsiveness in children and adults with asthma.
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Full effects are given in the endocrine chapter

Doses are not required for this drug but I thought the emergency dose of steroids for acute attack may be useful: It is either hydrocortisone 100 mg IV or prednisilone 40-50 mg PO.
Montelukast by A. McLeod

Agents such as montelukast and zafirlukast are CysLT1 antagonists and block the actions of cysteinyl leukotrienes target cells such as bronchial smooth muscle.

The cysteinyl-leukotrienes are substances that act at their cell-surface receptors CysLT1 and CysLT2 on target cells to contract bronchial and vascular smooth muscle, to increase permeability of small blood vessels, to enhance secretion of mucus in the airway and gut, and to recruit leukocytes to sites of inflammation

Ipratropium by Alan McLeod

This is a muscarinic antagonist and so prevents activation of muscarinic receptors – muscarinic receptors form part of the arm of the parasympathetic system and are found on the effector organs (as compared to nicotinic receptors which are found on the postsynaptic membrane of the postganglionic neurone)


There are 5 types M1-M5

	2
	Heart
	( HR (acts at SA node)

( Conduction velocity and automaticity (at AV node)

( Force of contraction (atria and ventricles)


	
	Lungs
	Contracts bronchial muscle (bronconstriction)

	
	Anal sphincter
	Relaxation (defacation)

	
	GI motility/tone
	Increased

	
	Iris
	Miosis (pupil gets smaller)

	
	Ciliary muscle
	Contraction (accommodation)


	
	Parotid gland
	Excretion of saliva

	
	Penis
	Erection


Remember that an antagonist prevents these effects by binding to the muscarinic receptor but not activating it.

Side-effects of antimuscarinic bronchodilators include: 

· Dry mouth 

· Nausea

· Constipation

· Headache

Tachycardia and atrial fibrillation have also been reported.

Contraindications: none listed

Caution: Antimuscarinic bronchodilators should be used with caution in glaucoma (see box), prostatic hyperplasia and bladder outflow obstruction
Monitoring: first dose of nebulised solution should be inhaled under medical supervision (risk of paradoxical bronchospasm)

Interactions

	Amantidine
	Increased risk of antimuscarinic side effects

	Tricyclic antidepressants
	

	MAOIs
	

	Antihistamines
	

	Clozapine
	

	Haloperidol
	May decrease the effect of haloperidol

	Levodopa
	May reduce absorption of levodopa

	Nitrates
	May reduce the effect of nitrates – dry mouth – fail to dissolve


The chances of interaction are decreased where the drug is given by inhalation.

Indications reversible airways obstruction, particularly in chronic obstructive pulmonary disease

Ipratropium can provide short-term relief in chronic asthma, but short-acting beta2 agonists act more quickly and are preferred. Ipratropium by nebulisation may be added to other standard treatment in life-threatening asthma or where acute asthma fails to improve with standard therapy.

By aerosol inhalation, 20–40 micrograms, 3–4 times daily; child up to 6 years 20 micrograms 3 times daily, 6–12 years 20–40 micrograms 3 times daily

By inhalation of powder, 40 micrograms 3–4 times daily (may be doubled in less responsive patients); child under 12 years, not recommended

By inhalation of nebulised solution, reversible airways obstruction in chronic obstructive pulmonary disease, 250–500 micrograms 3–4 times daily

Acute bronchospasm 500 micrograms repeated as necessary; child under 5 years 125–250 micrograms, max. 1 mg daily; 6–12 years 250 micrograms, max. 1 mg daily

Antimuscarinic bronchodilators are also effective in chronic obstructive pulmonary disease. The aerosol inhalation of ipratropium has a maximum effect 30–60 minutes after use; its duration of action is 3 to 6 hours and bronchodilation can usually be maintained with treatment 3 times a day.

Tiotropium, a long-acting antimuscarinic bronchodilator, is licensed for maintenance treatment of chronic obstructive pulmonary disease; it is not suitable for the relief of acute bronchospasm.

Theophyline and Aminophyline by A. McLeod

These are phosphodiesterase inhibitors and as such, inhibit the action of the enzyme phosphodiesterase. 

A phosphodiesterase (PDE) is an enzyme that catalyzes the hydrolysis of phosphodiester bonds. There are 11 families of PDEs, namely PDE1-PDE11.

PDEs are responsible for the degradation of the cyclic nucleotides cAMP and cGMP.

They are therefore important regulators of signal transduction mediated by these molecules.

Inhibitors of PDE can prolong or enhance the effects of physiological processes mediated by these cyclic nucleotides by preventing the degradation of cAMP / cGMP (compare to  agonists which (cAMP).

The effect is bronchodilation (with some anti-inflammatory effect as well).

This is not a nice drug! Side-effects of theophyllines include:

· Tachycardia 

· Palpitations

· Nausea and other gastro-intestinal disturbances

· Headache

· CNS stimulation

· Insomnia

· Arrhythmias

· Convulsions 

Especially if given rapidly by intravenous injection – give over 20 minutes!
Contraindications: Porphyria

Cautions: cardiac disease, hypertension, hyperthyroidism, peptic ulcer, epilepsy, elderly, fever, hepatic impairment, pregnancy and breast-feeding.
Interactions

	Acetazolamide
	Hypokalaemia

	Corticosteroids
	Hypokalaemia

	Loop / thiazide diuretics
	Hypokalaemia 

	Beta 2 agonist
	Hypokalaemia with high dose of beta 2 agonist.


Monitor carefully: Plasma-theophylline concentration for optimum response 10–20 mg/litre (55–110 micromol/litre); 4–6 hours after dose by mouth and at least 5 days after starting oral treatment; narrow margin between therapeutic and toxic dose.

The dose is dependent upon the brand. Patients must always be kept on the same brand if entering hospital with a pre-existing prescription.

	Brand Name
	Theophylline
	Dose range

	Nuelin SA
	175 mg 
	Adult 175–350 mg every 12 hours; 

Child over 6 years 175 mg every 12 hours

	Nuelin SA 250
	250 mg MR

scored
	Adult 250–500 mg every 12 hours; 

Child over 6 years 125–250 mg every 12 hours

	Slo-Phyllin
	60 mg MR
	Adult 250–500 mg every 12 hours;

Child every 12 hours, 2–6 years 60–120 mg, 7–12 years 125–250 mg

	Uniphyllin Continus
	200 mg MR

scored
	Adult 200 mg every 12 hours increased according to response to 400 mg every 12 hours;

Child 9 mg/kg twice daily; some children with chronic asthma may require 10–16 mg/kg every 12 hours


MR=modified release     Scored = for easy breakage in half.

IV treatment - aminophylline

Theophylline is given by injection as aminophylline, a mixture of theophylline with ethylenediamine, which is 20 times more soluble than theophylline alone. Allergy to ethylenediamine can cause urticaria, erythema, and exfoliative dermatitis.

Aminophylline injection is needed rarely for severe attacks of asthma. It must be given by very slow intravenous injection (over at least 20 minutes); it is too irritant for intramuscular use. Measurement of plasma theophylline concentration may be helpful, and is essential if aminophylline is to be given to patients who have been taking theophylline, because serious side-effects such as convulsions and arrhythmias can occasionally precede other symptoms of toxicity.

Injection, aminophylline 25 mg/mL, 10 ml ampoule

Make up to 20 ml and give 1 ml / min
Dose Deteriorating acute severe asthma not previously treated with theophylline, by slow intravenous injection over at least 20 minutes (with close monitoring), 250–500 mg (5 mg/kg), then as for acute severe asthma; child 5 mg/kg, then as for acute severe asthma

To avoid excessive dosage in obese patients, dose should be calculated on the basis of ideal weight for height. Ht2 (m) x 20 = ideal wt (roughly, erring on side of caution).

e.g for a 1.85 m tall man give 1.85 x 1.85 x 20 = 68

68 / 25 = 2.75 ml – add 17.25 ml to make up to 20 ml and give at 1 ml / min

Acute severe asthma, by intravenous infusion (with close monitoring), 500 micrograms/kg/hour, adjusted according to plasma-theophylline concentration; child 6 months–9 years 1 mg/kg/hour, 10–16 years 800 micrograms/kg/hour, adjusted according to plasma-theophylline concentration

To avoid excessive dosage in obese patients, dose should be calculated on the basis of ideal weight for height. Ht2 (m) x 20 = ideal wt (roughly, erring on side of caution).
Note Patients taking oral theophylline or aminophylline should not normally receive intravenous aminophylline unless plasma-theophylline concentration is available to guide dosage

Phyllocontin Continus

Tablets, m/r, yellow, f/c, aminophylline hydrate 225 mg. Net price 56-tab pack = £2.54. Label: 25

Dose 1 tablet twice daily initially, increased after 1 week to 2 tablets twice daily; child over 3 years, initially 6 mg/kg twice daily, increased after 1 week to 12 mg/kg twice daily; some children with chronic asthma may require 13–20mg/kg every 12 hours

Forte tablets are for smokers and other patients with decreased theophylline half-life - m/r, aminophylline hydrate 350 mg.

Treatment of tuberculosis

Mycobacteria are unusual bacteria. The cell wall structure is notable because it is very waxy. This makes it difficult to stain mycobacteria using conventional protocols. It also makes penetration of many antimicrobial drugs difficult. Furthermore, mycobacteria are very slow growing. Consequently, antimycobacterial therapy is very protracted. Unlike many pathogens, resistance to antimicrobials in mycobacteria typically results from point mutations in the bacterial chromosome, resulting in changes to the antibiotic target that render it no longer susceptible to the drug in question. This is why combinations of drugs are used to treat mycobacterial infections such as leprosy and tuberculosis. 

Antimycobacterial drugs are frequently associated with unpleasant side effects. This makes patient compliance in therapy difficult. To help overcome that problem, which undoubtedly contributes to the emergence of resistant strains, many health authorities are recommending Daily Observed Therapy: DOTs for short.
	Drug
	Mode of action

	Rifampicin
	Interferance with the DNA-dependent RNA polymerase of bacterial cells. The action of rifampicin prevents production of messenger RNA and thus ultimately stops protein synthesis.

	Isoniazid
	Inhibits the formation of very long chain fatty acids such as those found in the cell walls of mycobacteria.

	Pyrazinamide
	Inhibits mycobacterial metabolism. Again, its mode of action remains to be elucidated fully but it may operate through the disruption of cell membrane potential along with protein and RNA synthesis.

	Ethambutol
	Inhibits cell wall synthesis - mode of action remains to be elucidated fully.

	Streptomycin
	Protein synthesis inhibitor


Respiratory TB

· 2 months Rifampicin, Isoniazid, Pyrazinamide, Ethambutol* (Mnemonic: RIPE)
· 4 months Rifampicin, Isoniazid

· Pyridoxine (Vitamin B6 - used to control the neuropathic side-effects if isoniazid)
TB meningitis (Significant morbidity)
· Meningeal inflammation improves CSF penetration of drugs

· 2 months Rifampicin, Isoniazid, Pyrazinamide, Ethambutol

· 10 months Rifampicin, Isoniazid

· Steroids

*Ethambutol may optionally be omitted in patients with a low risk of isoniazid resistance. Over 90% of new cases of TB are drug-sensitive and can be treated with standard therapy.

Tests required before treatment

Since isoniazid, rifampicin and pyrazinamide are associated with liver toxicity, hepatic function should be checked before treatment with these drugs. Those with pre-existing liver disease or alcohol dependence should have frequent checks particularly in the first 2 months.

Side-effects of ethambutol are largely confined to visual disturbances in the form of loss of acuity, colour blindness, and restriction of visual fields. Visual acuity should be tested by Snellen chart before treatment with ethambutol.

Rifater® [rifampicin, isoniazid, and pyrazinamide] (for 2-month initial phase only)

adult under 40 kg 3 tablets daily, 40–49 kg 4 tablets daily, 50–64 kg 5 tablets daily, over 65 kg 6 tablets daily

Ethambutol (for 2-month initial phase only)

adult and child15 mg/kg daily

Rifinah® or Rimactazid® [rifampicin and isoniazid] (for 4-month continuation phase following initial treatment with Rifater®)

Adult under 50 kg 3 tablets daily of Rifinah®-150, 50 kg and over, 2 tablets daily of Rifinah®-300 or Rimactazid®-300
If these are unsuitable (e.g. allergy to one of the components) the separate preparations are available

Isoniazid (for 2-month initial and 4-month continuation phases) adult 300 mg daily; child 5–10 mg/kg (max. 300 mg) daily

Rifampicin (for 2-month initial and 4-month continuation phases) adult under 50 kg 450 mg daily, 50 kg and over 600 mg daily; child 10 mg/kg (max. 600 mg) daily

Pyrazinamide (for 2-month initial phase only) adult under 50 kg 1.5 g daily, 50 kg and over 2 g daily; child 35 mg/kg daily

Ethambutol (for 2-month initial phase only) adult and child 15 mg/kg daily

Patient adherence to treatment for TB is a major determinant of treatment success. Particularly vulnerable groups include:

· The homeless

· Those with learning difficulties, dementia or certain psychological illness

· Those with a history of non-adherence

DOT (Directly Observed Therapy) may be one answer with the drug given three times per week under observation – this should rarely be needed. Other mechanisms to increase adherence:

· Ensuring the homeless / mentally ill have a known key-worker who is aware of their treatment

· Home visits

· Health education counseling

· Reminder letters (in appropriate language)

Rifampicin (for 2-month initial and 4-month continuation phases)

adult 600–900 mg 3 times a week; child 15 mg/kg (max. 900 mg) 3 times a week
Isoniazid (for 2-month initial and 4-month continuation phases)

adult and child 15 mg/kg (max. 900 mg) 3 times a week

Pyrazinamide (for 2-month initial phase only)

adult under 50 kg 2 g 3 times a week, 50 kg and over 2.5 g 3 times a week; child 50 mg/kg 3 times a week

Ethambutol (for 2-month initial phase only)

adult and child 30 mg/kg 3 times a week
Summary Table (adults)

	Drug
	Normal Dose
	DOT Dose (max)
	Available in
	Pre-start tests

	Rifampicin
	450 / 600 mg*
	600-900 mg
	150 & 300 mg
	LFTs

	Isoniazid
	300 mg
	15 mg / kg (900)
	50 & 100 mg
	LFTs

	Pyrazinamide
	1.5 / 2 g*
	2 / 2.5 g*
	500 mg scored
	LFTs

	Ethambutol
	15 mg / kg
	30 mg / kg
	100 & 400 mg
	Visual acuity


*First dose is adults under 50 kg, second dose is adults over 50 kg

Contraindications

	Rifampicin
	Isoniazid
	Pyrazinamide
	Ethambutol

	Rifater / Rifanah
	Rifater / Rifanah
	Rifater
	

	Jaundice
	Drug-induced liver disease
	porphyria
	optic neuritis, poor vision


Cautions

	Rifampicin
	Isoniazid
	Pyrazinamide
	Ethambutol

	Rifater / Rifanah
	Rifater / Rifanah
	Rifater
	

	Pregnancy
	pregnancy 

breast-feeding

hepatic impairment

renal impairment 

slow acetylator status (increased risk of side-effects); 

epilepsy; 

history of psychosis; 

alcohol dependence, 

malnutrition, 

diabetes mellitus, 

HIV infection (risk of peripheral neuritis);

porphyria
	pregnancy hepatic impairment diabetes; gout (avoid in acute attack)
	Pregnancy

Elderly

renal impairment::
reduce dose if creatinine clearance less than 30 mL/min also monitor plasma-ethambutol concentration 


Side effects

	Rifampicin
	Isoniazid
	Pyrazinamide
	Ethambutol

	Rifater / Rifanah
	Rifater / Rifanah
	Rifater
	

	gastro-intestinal symptoms including anorexia, nausea, vomiting, diarrhoea (antibiotic-associated colitis reported); 

headache, 

drowsiness; 

influenza-like symptoms

resp. symptoms (including shortness of breath), 

collapse and shock, 

haemolytic anaemia, 

acute renal failure, thrombocytopenic purpura; 

alterations of liver function, jaundice; flushing, 

urticaria, and rashes;
	nausea, vomiting,

constipation, 

dry mouth; 

peripheral neuritis with high doses 

optic neuritis, convulsions, 

psychotic episodes,

vertigo;

hypersensitivity reactions including: fever, erythema multiforme, purpura; 

blood disorders including agranulocytosis, haemolytic anaemia, aplastic anaemia; 

hepatitis (especially over age of 35 years); gynaecomastia
SLE-like syndrome, pellagra, 

hyperreflexia, 

difficulty w micturition, hyperglycaemia, 


	hepatotoxicity including fever, anorexia, hepatomegaly, splenomegaly, jaundice, liver failure; 

nausea, vomiting,

flushing, 

dysuria, 

arthralgia,

sideroblastic anaemia, 

rash and occasionally photosensitivity
	optic neuritis, red/green colour blindness, 

peripheral neuritis,

thrombocytopenia
rarely rash, pruritus, urticaria,




Monitoring: LFTs in patients with hepatic disease

Important notes – tell patient

	Rifampicin
	Isoniazid
	Pyrazinamide
	Ethambutol

	Rifater / Rifanah
	Rifater / Rifanah
	Rifater
	

	Discolours contact lenses

Interferes with OCP
	None
	None
	None


Nicotinic receptor





Muscarinic receptor





Preganglionic neurone





Postganglion neurone





Glaucoma: Drugs that dilate the pupil can potentially result in an angle-closure glaucoma – this has been reported with ipratropium particularly when given with nebulised salbutamol (and possibly other beta2 agonists); care needed to protect patient's eyes from nebulised drug or from drug powder
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