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  Although up to date, several books have tackled the topic “antiepileptic drugs in epilepsy”; this book on pharmacological and clinical aspects of orphan antiepileptic drugs is unique.




  The book is divided into six chapters that cover various pharmacological and clinical issues of orphan antiepileptic drugs used in the treatment of some devastating epileptic syndromes so-called epileptic encephalopathies.




  Children, particularly infants, are not little adults and their seizures as well as their age-dependent EEG abnormalities differ in their expression and response to treatment. Several syndromes in this young age-group carry a severe mental prognosis due to the impact of diffuse electrical activity on organization of the immature brain that significantly affects normal development and cognition. Treatment in this group of children is not only aimed at preventing seizures, but also at abolishing ictal and interictal EEG abnormalities. It is therefore important to know if the drug in development displays anti-seizure activity only or if it has a potential for antiepileptogenesis as well.




  More than half of the epilepsies begin before the age of 20 and almost 25% of these are intractable. Epilepsy in children differs from epilepsy in adults by the facts that seizures occur in various age-dependent syndromes, they are part of epilepsy and syndrome phenotypes not seen in adults, and in addition occur at an age of brain maturation and differentiation.




  Traditionally the new AEDs have all been evaluated in add-on studies in adult patients refractory to previous therapies and some compounds that are ineffective in adult seizure type may be effective in age-dependent seizures/epilepsy syndromes and vice-versa. Rare diseases occur in less than 200,000 individuals in the United States, or less than 5 per 10,000 individuals in the European Union. The potential market to develop new drugs to treat this small population of patients is too small to justify the expense risk.




  However, various drugs called “orphan drugs” have been allocated for the treatment of some epilepsy syndromes in childhood with grave prognosis.




  Vigabatrin, a GABA-transaminase inhibitor, has become a first-choice agent for infantile spasms alone or combined with adenocorticotropic hormone. Stiripentol, a direct allosteric modulator of GABA receptors combined with valproic acid and clobazam has given encouraging results in the treatment of Dravet syndrome. Rufinamide, a fast sodium channel blocker, has been approved for the adjunctive treatment of seizures associated with Lennox-Gastaut syndrome in children 4 years and older and adults.




  While there is a need to develop new drugs having a specific action in this age-group. this book written by experts in the field of epileptology offers valuable information about orphan drugs and their approved clinical use.




  Bromides


  




  History




  Bromide, an anorganic ion similar to chloride, is present in the environment, especially in seawater (at around 65 mg/L), and consumption of seafood and fish results in significant presence of brome salts in human blood. Bromides were widely used in the XIXth and early XXth centuries usually in combined preparations, as sedatives, also against headache. Lithium bromide was used against bipolar disorder. Bromides are still used nowadays, at low concentrations, as mild antiseptic agents in swimming pools. Due to chronic toxicity, their use as pharmaceutical agents has dramatically diminished in the latter XXth century.




  Bromides, especially potassium bromide (KBr), were considered the first “modern” anticonvulsants, i.e. the first agents that were used following clinical reports of efficacy presented in a scientific setting. The actual “birth” of bromides as anticonvulsants occurred during a session of the Royal Medical and Chirurgical Society of London on May 11th, 1857, when Sir Charles Locock reported that he had used potassium bromide successfully in 13 out of 14 women with hysterical (mostly catamenial) epilepsy, during the discussion of a report by Sievking on patients with epilepsy (Locock, 1857). His initiative was probably based on a previous observation of impotence in a patient on bromide, and to the general acceptance of seizures as consequences of onanism and hypersexuality (Friedlander, 1986). Bromides remained the only scientifically approved anticonvulsant agent for over 50 years, until the emergence of phenobarbital in 1912 (Hauptmann, 1912). The positive effect of bromides on the EEG was discussed as soon as this technique appeared as useful in patients with epilepsy (Gibbs et al., 1936).




  Bromides lost ground in the treatment of epilepsy over the years, in great part because of the emergence of significant toxicity, but are still useful in the treatment of very severe forms of infancy- or childhood-onset epileptic encephalopathies. In most countries, their prescription in patients with epilepsy requires a special procedure. They apparently still belong to the main drugs used for the treatment of epilepsy in animals, e. g. in cats (Boothe et al., 2002), although animals, e. g. dogs, may clearly present the same type of side-effects (“bromism”) as humans (Rossmeisl & Inzana, 2009). Bromides were also recently used to demonstrate an anticonvulsant action in an original seizure model, the drosophilia fly (Tan et al., 2004) and are thus still considered classical antiepileptic drugs.




  Pharmacology




  ■ Chemical structure of potassium bromide




  K-Br




  ■ Chemical characteristics




  This is the potassium salt of bromine, a simple inorganic ion with anticonvulsant activity, that behaves in ways very similar to chloride.




  ■ Mechanisms of action




  At present it is not exactly known how bromides act to prevent seizures. The bromide ion is handled similarly to chloride, and because its hydrated diameter is less than that of chloride it may pass through the membrane channels more readily and cause hyperpolarization of the transmembrane potential, making neurons less likely to initiate a seizure discharge or to participate in the spread of the seizure (Woodbury & Pippenger, 1982). Another possible mechanism of action in the nervous system is potentiation of GABAergic inhibition. The GABAA receptor constitutes a chloride channel, and following activation of the receptor, the influx of chloride causes the neuron to hyperpolarize, leading to decreased neuronal excitability. The effect of bromide on the benzodiazepine binding site might be related to cellular hyperpolarization (Palacios et al., 1979). It may also inhibit the action of carbonic anhydrase, affecting the acid-base balance within the brain, similarly to acetazolamide (Woodbury & Pippenger, 1982).




  Pharmacokinetics




  ■ Bioavailability




  All the inorganic bromide salts are water soluble and rapidly and completely absorbed from the gastrointestinal tract after oral ingestion. The absorption of bromide is saturable at very high doses. There is no significant difference in the serum concentration curves for oral and intravenous doses. Maximum serum concentrations are attained after less than 2 hours after dosing (Woodbury & Pippenger, 1982).




  ■ Distribution and protein binding




  As for chloride the distribution of bromide is mostly into extracellular water space. The drug is not bound to proteins and is freely diffusible. The volume of distribution is similar to that of chloride and has been estimated at 408 ± 17 mL/kg. Bromide is present in body secretions like tears, sweat and saliva, and it readily crosses the placenta. Fetal levels closely parallel those of the mother. The concentration of bromide in saliva is 1.5 times that of serum. CSF concentrations are somewhat lower than in serum (Woodbury & Pippenger, 1982).




  ■ Metabolism and renal excretion




  Because bromide is a simple monovalent inorganic ion, it is not metabolized. It is primarily excreted via the kidney. It is somewhat better reabsorbed in the renal tubules compared to chloride. The concentration/dosage ratio increases with increasing age (Korinthenberg et al., 2007).




  ■ Elimination half-life




  Since the excretion of bromide is very slow, its elimination half-life is rather long, 12-14 days after oral administration and is in accordance with first order kinetics. Renal clearance is in the order of 267 ± 1.7 mg/kg/day (Vaiseman et al., 1986). A high chloride load will shorten the half-life, and conversely a salt-deficient diet would increase it. The time to achieve steady-state serum concentrations with chronic dosing is dependent of the half-life, and 4-5 times the half-life has to elapse before steady-state is reached. This means that for bromide it may take about 7-8 weeks. In their recent work, however, Korinthenberg et al. (2007) noted that the steady state was reached after a median of 28 days.




  ■ Drug interactions




  Since bromide is a CNS depressant, enhancement of the inhibitory effect of other CNS-active drugs is likely. Bromide does not induce or inhibit the activity of drug-metabolizing liver enzymes. No protein binding displacement takes place as bromide is not bound to proteins. Bromide concentrations are higher in patients receiving lithium salts.
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  ■ Therapeutic drug monitoring




  In fact bromide was the first antiepileptic drug for which it was suggested that the correlation existed between serum concentration and clinical toxicity. Thus, bromide serum concentrations should be carefully monitored because toxic effects may occur when the concentration exceeds 150 mg/100 mL. The therapeutic/reference range is in the order of 100-200 mg/mL (8.4-16.8 μmol/L), although some patients require higher concentrations to obtain best seizure control, but often with considerable side effects (Steinhoff & Kruse, 1992).




  Very importantly, one has to keep in mind the long half-life when dosage is increased as it takes a number of weeks before a new steady-state is achieved. Rapid dose escalation may lead to toxic concentrations lasting for several months.




  Bromide concentrations may be analysed using a manual gold chloride photometric assay that is not widely available. Potentiometric flow injection determination may yield more precise results (Katsu et al., 1997).




  Clinical indications




  Little remains of the first historical indication of bromides, in “hysterical” (premenstrual) epilepsy. Recent work has focused on the use of bromides in difficult-to-treat epilepsies, especially in the paediatric age classes. The efficacy profile of bromides is concentrated around their effect against generalized convulsive seizures, although other seizure types may respond. None of the papers reporting efficacy of bromides fulfils the criteria of a controlled, randomized study, but some reports are indeed in favour of a noteworthy efficacy, especially in childhood-onset severe epilepsies with convulsive seizures.




  The archetype of the encephalopathic, drug-resistant epilepsies of childhood is the Lennox-Gastaut syndrome (LGS), a concept often used to describe various forms of severe epilepsies, but nowadays considered in a more restricted manner (Genton & Dravet, 2007). This disorder is characterized, in particular, by the association of several seizure types. Bromides have little efficacy against absences and tonic seizures, and may even aggravate the latter (Browne et al., 2008). Among 11 children with severe epilepsy treated with bromides, including three with the LGS, Woody (1990) reported two became seizure-free, four were significantly improved and three only transiently improved. In patients with a significant improvement, the mean daily dose was 33 mg/kg/d, and the mean blood level was 14.1 mmol/L (range 4-30.5 mmol/l). Steinhoff and Kruse (1992) retrospectively evaluated the efficacy of bromides in 60 patients with generalized tonic-clonic seizures, most with mental handicap and early brain lesions, but did not specificy specific diagnoses of LGS, although their sample probably included such patients: they considered the effect as positive, with around 60% responders. Overall, it can be stated, however, that there are no reliable data demonstrating the efficacy of bromides in the LGS, and, as many other, modern and comparatively safer therapeutic options are available in this condition, bromides will probably not be considered a major alternative.




  On the other hand, bromides have shown efficacy in the Dravet syndrome (DS), or severe myoclonic epilepsy in infancy, a very severe condition with multiple seizure types and a high degree of drug resistance (Dravet et al., 2002). In an add-on trial of potassium bromide in 22 patients with DS or its borderline variant, Oguni et al. (1994) noted an excellent short-term improvement in eight and a moderate improvement in nine. This efficacy was noted primarily against major convulsive seizures (generalized tonic-clonic (GTCS), generalized clonic), but also in complex partial seizures, while myoclonias and absences did not respond. Such efficacy had been noted earlier in children with “intractable” epilepsy in childhood (Tanaka et al., 1990), in patients with GTCS (most of them with longstanding handicaps) at an older age (Steinhoff & Kruse, 1992), and patients with intractable epilepsy with GTCS and onset in early childhood (Ernst et al., 1988). All these series most probably included patients with DS. A recent Japanese review of treatment procedures in 99 DS patients with serial seizures and/or convulsive status epilepticus (Tanabe et al., 2008) classified bromides as the most potent curative or preventive agent in this situation: efficacy was reported in 41.7% of cases for potassium bromide, vs. 13.5 for zonisamide, 10.0% for clobazam, 8.0% for valproate, 6.7% for phenobarbital and 2.6% for phenytoin. This study did not mention stiripentol or felbamate (or the ketogenic diet). It thus appears that bromides remain a therapeutic option in DS, especially in dramatic situations with frequent convulsive seizures.




  Bromides have also been used in other circumstances. In malignant migrating partial seizures in infancy, a very severe, often lethal, cryptogenic condition with onset in early infancy (Dulac, 2005), several authors have reported high efficacy. Okuda et al. (2000) have reported seizure control in two cases. It was again recently mentioned, in an abstract, that a combination of bromides, stiripentol, and levetiracetam relieved this condition in two 2-month old infants. Given the absence of effective, recommended therapy in this condition, bromides may appear as a therapeutic option in the syndrome of malignant partial seizures in infancy. Takayanagi et al. (2002) have reported efficacy in the treatment of two children with resistant focal epilepsy and focal status. Korinthenberg et al. (2007) recently confirmed that potassium bromide (started at 45 mg/kg and given at a median dose of 70 mg/kg) showed efficacy in a pediatric population with severe epilepsy and GTCS: the latter were controlled in 49% and improved by 50% or more in a further 31%.




  It has also been noted that bromides are not hepatic enzyme-inducing agents and are thus indicated in the treatment of patients with porphyria and epilepsy (Browne et al., 2008).




  In summary, it can be stated that bromides nowadays have few indications. Given their comparatively unfavourable safety profile, they can be considered as last resort, or “third line” medications in very difficult situations involving convulsive seizures that resist conventional treatment, including modern and orphan drugs. However, they should not be completely forgotten or abandoned, especially during difficult periods in patients with DS, or in truly intractable cases like in the syndrome of malignant migrating partial seizures in infancy. Their use in other situations is a matter of personal judgment.




  Use of bromides in clinical practice




  In recent years, bromides have been used only in selected patients, mostly in the pediatric age classes, and have remained fairly popular among epileptologists and neuropediatricians in Japan and Germany, who produced most of the clinical observations that can be quoted. The commercial preparation that is available in Europe comes as Dibro-Be® tablets containing 850 mg potassium bromide, licensed in Germany for the treatment of severe generalized epilepsies in children; it is produced by Dibropharm GmbH Distribution & Co, a company based in Baden-Baden, Germany. In most countries, treatment with bromides requires a special request at health authorities and a special import procedure. There are several veterinary preparations (Bromapex® solution, 250 mg/mL; Epibrom® tablets, 200 mg ; Epilease® tablets, 250 mg).




  Tolerability and side effects




  Paradoxical, pharmacodynamic seizure aggravation may occur with bromides, and has been mentioned by several authors (Boenigk et al., 1989; Tanaka et al., 1990; Ryan & Baumann, 1999). However, there is no specific rationale to account for this, nor are there specific seizure- or epilepsy-related parameters that may predict a risk of aggravation.




  Bromides have a significant side-effect potential. Ingestion of high doses irritates the gastric mucosa and provokes vomiting. Acute intoxication is now very uncommon, it is ototoxic and nephrotoxic, acute renal insufficiency may be lethal. The most commonly noted side-effects of bromides are chronic, and have been referred to as “bromism”. They include CNS-related effects: lethargy and depression, loss of appetite, tremor, ataxia, clonic seizures, headache and papilledema (with cerebral edema), confusion and delirium, abnormal speech, memory loss, aggressivity, psychosis. Cutaneous complications occur in 25% of patients: an acneiform dermatitis, often described as bromoderma, aphtous stomatitis, or even a rare form of panniculitis (Diener et al., 1998). There may also be mucous hypersecretion, obstipation, rhinitis, aggravation of asthma.




  Toxicity is related to dose and to blood level. Anzai et al. (2003) reported a case of bromoderma which appeared in a 3-year old girl after daily doses of potassium bromide had been increased from 500 to 800 mg/d: the blood level had risen from 43.7 mEq/L to 114 mEq/L (untreated, “normal” range: 0-5 mEq/L); the skin lesions disappeared within 10 days of cessation of bromide therapy. It is thus important to monitor the therapeutic concentration of bromides. Daily doses range from 30 to more than 150 mg/kg/d (recommended: 30 to 80 mg/kg/d). The starting dose should be at 10 mg/kg/d, in several divided doses because of poor gastric tolerability. Given the long half-life of bromides, a steady state is not reached before 7 to 8 weeks




  As with other anticonvulsants, the therapeutic scheme should be individually tailored to the patient's situation, and the treatment should be monitored closely, especially when higher doses are required, because of the high incidence of CNS-related or dermatological side effects.
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Figure 1. Phanmacokinetic scheme for bromide.
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