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History
A 54-year-old female patient presented to the emergency department with a 6-h history of worsening shortness of breath and sharp, right-sided chest pain that was worse on deep inspi- ration. She denied experiencing palpitations, did not complain of nausea, and was not feeling lightheaded.
She had a history of recurrent deep vein thromboses for which she was on lifelong warfarin. Her INR had been stable at 3.0–3.5 with 5 mg warfarin once daily for more than a year and had last been checked 4 weeks ago. Her only other past medical history was a recent diagnosis of active pulmonary tuberculosis, for which the patient had been prescribed isoniazid (along- side pyridoxine), rifampicin, pyrazinamide and ethambutol.
The patient worked as a primary school teacher and was usually fit and well. She had never smoked and denied any regular alcohol intake. There was no relevant family history.
Examination
The patient appeared moderately dyspnoeic on exertion but was able to speak comfortably at rest. Her pulse rate was 110 beats per minute and regular and her blood pressure was stable at 130/84 mmHg. Her respiratory rate was 22 breaths per minute. She was afebrile.
Results
	Blood test
	Result
	Reference range

	White cell count
	7.8 × 109/L
	4.0–11.0 ×109/L

	Haemoglobin
	123 g/L
	120–160 g/L

	Platelet count
	400 × 109/L
	150–400 ×109/L

	INR (international normalised ratio)
	1.2 units
	0.8–1.2 units


A CT pulmonary angiogram scan showed large volume, bilateral pulmonary emboli but no evidence of associated right heart strain.

Questions
1. What is the most likely reason for the patient developing a pulmonary embolus at this point in time?
2. How may this have been prevented?
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 ANSWERS	
1. Although novel oral anti-coagulants are increasingly prescribed for many thrombo- embolic conditions, warfarin remains one of the more commonly prescribed thera- pies in complex disease.
The hepatic cytochrome P450 (CYP) system consists of a family of isoenzymes that are involved in the metabolism of many drugs, including warfarin. The rate of drug metabolism is affected by a large number of substances, including other medica- tions and dietary sources that can induce or inhibit the activity of the isoenzymes. Table 1.1 shows a selection of substrates that are affected by inducers and inhibitors of the CYP pathways.
In this instance, the patient has recently commenced treatment with the antibi- otic rifampicin, which is a potent inducer of inducer of CYP2C19 – one of the isoen- zymes responsible for warfarin metabolism. As the activity of this CYP isoenzyme increases, warfarin is metabolised at a faster rate and may thus reach subtherapeutic levels, which happened in this case and the patient has subsequently developed pul- monary emboli.
2. Warfarin has a narrow therapeutic index, which means that a minor change in dose can cause the drug level to reach sub therapeutic or toxic levels. Warfarin acts by inhibiting vitamin K-dependent synthesis of clotting factors and the INR is used as a measure of the effectiveness of the drug in affecting the prothrombin time.
In situations where potential CYP inducers or inhibitors are introduced, war- farin therapy must be closely monitored. INR measurements will need to be per- formed more frequently to allow dose adjustments of warfarin as required, until a point is reached where the patient remains stable on the current therapies. As it can take several days to achieve a therapeutic level of warfarin, an additional agent (typi- cally heparin) will initially need to be prescribed for this patient to ensure that she is adequately anti-coagulated.



Table 1.1 Inducers and inhibitors of cytochrome
Hepatic enzyme inhibition	Hepatic enzyme induction

Enzyme inhibitors

Drugs with effects
potentiated by inhibitors:	Enzyme inducers

Drugs with effects impaired by inducers:

Allopurinol	Carbamazepine	Barbiturates	Hydrocortisone Cimetidine	Ciclosporin	Carbamazepine	Oral contraceptive pill

Ciprofloxacin	Phenytoin	Ethanol (chronic misuse)

Phenytoin

Disulfiram	Theophyllines	Phenytoin	Warfarin Erythromycin	Warfarin	Rifampicin

Ethanol (acute intoxication) Isoniazid
Omeprazole Sodium valproate Sulphonamides

Sulphonylureas
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	Key Points

	1. The CYP system is a family of isoenzymes that are responsible for the metabolism of many drugs.
2. Enzyme inducers will lead to rapid metabolism of certain drugs and may impair their effects.
3. Enzyme inhibitors will reduce the rate of metabolism of certain drugs and thus increase their effects.
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