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Itraconazole is a widely prescribed triazole antifungal drug, often given for long periods. We report five cases of tremor related to itraconazole therapy, which occurred with 1-12 months of initiating treatment and resolved gradually following itraconazole withdrawal.

INTRODUCTION

Itraconazole is a broad-spectrum triazole antifungal agent, used in the prophylaxis and treatment of invasive, chronic and allergic aspergillosis, endemic mycoses, onychomycosis and vaginal candidiasis. [START_REF] Boogaerts | Clinical experience with itraconazole in systemic fungal infections[END_REF] The duration of therapy varies from a single day for vaginal thrush, to life-long treatment in many cases of chronic and allergic aspergillosis. The second-generation triazoles, voriconazole and posaconazole, are thought to be more active in aspergillosis, [START_REF] Herbrecht | Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis[END_REF][START_REF] Walsh | Treatment of invasive aspergillosis with posaconazole in patients who are refractory to or intolerant of conventional therapy: an externally controlled trial[END_REF] but trials in chronic and allergic disease have yet to be done. Although generally described as a well-tolerated drug, a wide variety of adverse effects have been reported in association with itraconazole. Of the range of neurological adverse effects documented, headache is the most common. [START_REF] Tucker | Adverse events associated with itraconazole in 189 patients on chronic therapy[END_REF] Other serious symptoms, which occur much less frequently, include peripheral neuropathy, [START_REF] Dismukes | Itraconazole therapy for blastomycosis and histoplasmosis. NIAID Mycoses Study Group[END_REF] seizures, [START_REF] Foot | Itraconazole oral solution as antifungal prophylaxis in children undergoing stem cell transplantation or intensive chemotherapy for haematological disorders[END_REF] dysgeusia, [START_REF] Tucker | Adverse events associated with itraconazole in 189 patients on chronic therapy[END_REF] visual disturbance, [START_REF] Graybill | Itraconazole treatment of coccidioidomycosis. NAIAD Mycoses Study Group[END_REF] and tinnitus. [START_REF] Dismukes | Itraconazole therapy for blastomycosis and histoplasmosis. NIAID Mycoses Study Group[END_REF] Drug-induced tremor is known to complicate treatment with many other pharmacological agents, including dopamine-antagonistic anti-emetics, bronchodilators, mood-stabilising and antidepressant drugs, anticonvulsants, and immunosuppressants; [START_REF] Anouti | Tremor disorders. Diagnosis and management[END_REF] however, tremor has rarely been observed in patients treated with antifungal drugs. [START_REF] Mott | Encephalopathy with parkinsonian features in children following bone marrow transplantations and highdose amphotericin B[END_REF][START_REF] Farowski | Posaconazole: a next-generation triazole antifungal[END_REF] We report five cases of tremor related to long-term itraconazole therapy.

PATIENTS AND METHODS

Itraconazole Measurement

All itraconazole concentrations were measured by bioassay using a normal range of 5-15mg/L described in detail elsewhere. [START_REF] Tucker | Treatment of mycoses with itraconazole[END_REF] 

Case 1

The first patient was a 67-year-old gentleman who received itraconazole for chronic cavitary pulmonary aspergillosis following Legionnaire's disease. Treatment entailed six-weeks of intravenous amphotericin B followed by itraconazole capsules, 400mg daily. During the two months following initiation of itraconazole therapy the patient developed a tremor, primarily affecting the dominant right hand. The tremor was present both at rest and during sustained posture, but could be halted temporarily by gross movements. Although respiratory function continued to improve the tremor progressively worsened over a 12-month period. The patient's past medical history and longterm medication are summarised in table 1. There was no reported use of over-the-counter medicines or illicit drugs. Alcohol intake was moderate (5U/week). On examination, the patient was alert and orientated. A slow tremor predominantly affecting the right hand was observed, and was improved on forming a fist. Examination of the cranial nerves, motor and sensory systems, and gait was unremarkable. Itraconazole plasma concentrations were persistently within the normal range.

Accelerometry confirmed a 4-6Hz tremor, and nerve conduction and electromyography studies demonstrated an absence of peripheral nerve pathology. Thyroid function, serum electrolytes, calcium, plasma glucose, and ESR were all within the normal ranges, and cranial CT was unremarkable. The decision to continue itraconazole therapy was made on the basis of the marked improvement in function despite the persistence of tremor.

Case 2

The second patient was a 77-year-old gentleman who developed an aspergilloma at the site of a previous cavitating lesion due to Mycobacterium malmoense. Intra-cavitary amphotericin B paste was instilled into the cavity, but symptomatic relapse occurred despite repeated treatments. Therapy with itraconazole capsules, 400mg daily, was subsequently initiated. Within three weeks of beginning treatment the patient developed a bilateral tremor of the hands. The tremor was symmetrical and most noticeable at rest, though also present during movement and sustained postures. The patient's past medical history and long-term medications are shown in table 1. Alcohol intake was occasional with no illicit drug use. On examination, the patient was alert and orientated.

A low-amplitude, symmetrical, tremor was observed in both hands, both at rest and whilst clenching a fist. Neurological examination was otherwise unremarkable. Accelerometry confirmed a tremor frequency of 4-6Hz. Itraconazole plasma concentrations were elevated at 24.6mg/L and the dose was consequently reduced to 200mg daily; all subsequent itraconazole levels were within the normal range. Despite dose reduction, however, the tremor persisted. Biochemical parameters and nerve conduction studies were all normal. A trial without itraconazole was attempted but was prematurely terminated after one month due to increasing respiratory symptoms.

Case 3

The third patient, a 57-year-old gentleman, was treated with itraconazole capsules, 400mg daily, for allergic bronchopulmonary aspergillosis (ABPA) and eosinophilic fungal rhino-sinusitis (EFRS).

After six months of treatment the patient reported a fine tremor in both hands, in association with transient paraesthesia in both feet. There was no other medical history and long-term medications are shown in table 1. Alcohol intake was occasional, with no illicit drugs use. On examination the patient was comfortable and alert. A symmetrical fine tremor was observed at rest in both hands (12-15Hz on accelerometry), which partially resolved with the formation of a fist. Neurological examination was otherwise unremarkable, with no objective sensory-loss or paraesthesia elicited.

Biochemical parameters were all within normal limits and nerve conduction studies found no evidence of peripheral nerve pathology. Itraconazole levels were elevated during treatment (measurements of >25.6 mg/L and 18.4 mg/L) but dose reduction to 200mg daily, with an associated reduction in itraconazole levels (12.7 mg/L), did not result in symptomatic improvement.

Itraconazole was subsequently withdrawn and the tremor resolved gradually over a three month period.

Case 4

The fourth patient was a 56-year-old gentleman who received itraconazole capsules, 400mg daily, for treatment of ABPA. The patient experienced nausea in the first four weeks of treatment and was shown to have elevated drug levels (>25.0 g mg/L). The dose of itraconazole was subsequently reduced to 300mg daily. Three months after initiation of treatment, however, the patient developed a new fine tremor, in addition to continued gastro-intestinal upset, with a persistently elevated itraconazole plasma concentration (19.7 mg/L). On examination the patient was alert and orientated.

A fine, symmetrical tremor, affecting both hands was observed. Symptoms were present both at rest and during sustained posture. There were no other neurological findings of note and biochemical parameters were all within normal limits. The patient's medical history and long-term medication are summarised in table 1. Alcohol intake was moderate (10-15U/week) with no illicit drug use.

Treatment with itraconazole was discontinued and symptoms resolved over a two-month period.

Case 5

The fifth patient was a 67-year-old woman who received itraconazole capsules, 400mg daily, for ABPA. Initially, there was a good clinical response to treatment; however, 12 months after treatment had commenced the patient reported experiencing a fine tremor in addition to proximal weakness, severe bruising, and facial hirsuitism. The patient's past medical history and long-term medications are shown in table 1. On examination the patient was overweight with a cushingoid appearance. A fine, symmetrical tremor affecting both hands was observed. In addition, muscular atrophy was observed proximally in the lower limbs with a proximal reduction in power to MRC 4/5 bilaterally.

There were no other neurological findings of note. A plasma itraconazole level measured by bioassay at this time was 4.8 mg/L; this was felt to be a falsely low reading as the patient had omitted an itraconazole dose before measurement. Treatment with itraconazole was suspended and the tremor gradually improved over two months. The patient's respiratory symptoms worsened, however, and itraconazole was re-commenced at 200mg daily; recurrence of tremor and bruising occurred three weeks later. A random plasma itraconazole level taken at this time was within the reference range (7.3 mg/L). Itraconazole was replaced with voriconazole and symptoms resolved slowly over six months. Hypertension and atrial fibrillation.

Enalapril, atenolol, frusemide, aspirin, lansoprazole, digoxin and warfarin.

Tremor developed with 2 months of beginning treatment with itraconazole. Slow progression of symptoms throughout treatment. Asthma requiring frequent courses of oral steroids, hypertension, a persistent dry cough, constipation.

Lansoprazole, aspirin, calcichew, risedronate, codeine, senna, and lactulose.

Tremor developed within 3 weeks of beginning treatment. Symptoms persisted during a 1-month trial of withdrawal. Nil.

Triamcinolone nasal spray, Seretide (500/50), montelukast, and occasional salbutamol.

Tremor developed during a 6-month period with associated lower limb paraesthesia. Symptoms resolved within 3 months of drug withdrawal. Azithromycin, aspirin, simvastatin, alendronic acid, zolpidem, Humulin M3 insulin twice daily, Seretide and salbutamol (rarely used).

Tremor developed 12 months after beginning treatment with itraconazole, resolved during a 2month period without the drug and recurred with recommencement of itraconazole with resolution over a 6-month period after cessation of treatment.

DISCUSSION

Drug-induced tremor is a difficult diagnosis to establish with certainty. Whilst a true incidence of itraconazole-associated tremor cannot be derived from case-studies, a gross estimate may be inferred from the occurrence of five cases in a total of 216 patients receiving long-term itraconazole therapy during a twenty-month period at this centre. Once drug-induced tremor is suspected, the risks versus benefits of continued therapy require consideration. Improvement in previously incapacitating symptoms may outweigh the inconvenience of a minor tremor.

Conversely, tremor may have significant functional implications necessitating drug withdrawal.

Itraconazole has a long terminal half-life (41.7±10 hours) and large volume of distribution (111 kg -1 ). [START_REF] Heykants | The clinical pharmacokinetics of itraconazole: an overview[END_REF] Drug-clearance is consequently prolonged and, as these cases demonstrate, whilst itraconazole withdrawal is associated with symptomatic improvement, complete recovery may a take several months.

The features of itraconazole-induced tremor are clinically heterogeneous, a finding that may arise from coexisting central and peripheral toxicities, through complex interactions with genetic determinants of drug-handling (e.g. mitochondrial function), or from variability in exposure to potentially toxic metabolites. Bioassay measures both itraconazole and the active metabolite hydroxy-itraconazole. It is possible, therefore, that neurological toxicity with itraconazole results, in part, from hydroxy-itraconazole.

Tremor has been reported with newer triazoles, [START_REF] Walsh | Treatment of invasive aspergillosis with posaconazole in patients who are refractory to or intolerant of conventional therapy: an externally controlled trial[END_REF][START_REF] Eiden | Adverse Effects of Voriconazole: Analysis of the French Pharmacovigilance Database[END_REF] but only one previous case with high-dose itraconazole (800 mg/day) has been described. [START_REF] Imai | Successful treatment of cerebral aspergillosis with a high oral dose of itraconazole after excisional surgery[END_REF] Furthermore, three of our patients had itraconazole levels exceeding 15 mg/L, suggesting a potential toxicity-exposure relationship;

however, whilst such a relationship is theoretically probable, there is currently little empirical evidence to support this. The lack of toxicity with voriconazole in the final case suggests that, at least in some individuals, tremor does not represent a class-effect. Thus, replacement with an alternative triazole is a reasonable consideration.

CONCLUSION

Tremor in association with itraconazole use should be considered as a rare but potentially serious adverse-event with itraconazole therapy.

Table 1 .

 1 Summary of the clinical details of patients experiencing tremor with itraconazole

	Patient	Itraconazole dose	Clinical features	Past medical history	Concurrent medications	Course
			Predominantly right			
	1	400 mg daily	sided tremor (4-6Hz) affecting the upper			
			limbs.			
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