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Abstract: Background: Epilepsy affects about 70 million people worldwide, nearly 90% of whom live in devel-
oping countries. Epilepsy is surrounded by myths and stigma in these countries. Discrimination and social stigma-
tization are difficult obstacles for patients to overcome. Knowledge, attitudes and practices towards epilepsy are 
often inadequate, even sometimes totally false and then dangerous. 

Methods: The goal was to present the situation and analyse the determinants of using antiepileptic drugs in de-
veloping countries.  

Results: The treatment gap exceeds 75% in most low-income countries, and could be even higher in rural areas. 
Reasons for that are low accessibility, availability, and/or affordability, lack of trained medical personnel and the 
associated beliefs and stigma. The interactions between drugs or due to other factors, such as malnutrition, are 
frequent. A long-lasting treatment is not usual for populations in developing countries due to cultural beliefs. The 
traditional healers are the first ones consulted in such a context, then delaying the entry in the ÒmodernÓ medical 
care system.  

Conclusion: Information and education campaigns are mandatory among the general population and among the 
medical and paramedical staff to make progress on the management of epilepsy in developing countries. 

Keywords: Epilepsy, developing countries, antiepileptics drugs, treatment gap. 

1. INTRODUCTION  

 Epilepsy is the leading chronic non-communicable neurological 
disorder in the world. It affects about 70 million people, nearly 90% 
of whom live in developing countries [1]. However, the concept of 
developing country does not reach a consensus according to the 
categorization criterion used. The health system varies from country 
to country, as well as the means available and their distribution, 
divergent priorities and heterogeneous territorial organizations. One 
of the development criteria used in many studies is an economic 
criterion, the gross national income (GNI) per capita. It can be cate-
gorized into four main categories: high-income countries, middle-
income countries with two levels (upper and lower), and low-
income countries. The concept of developing countries often in-
cludes the last three categories, despite a very large heterogeneity. 
For example, in sub-Saharan Africa, a low-income country like 
Burundi (with a per capita GNI of US$ 270 in 2014) and a middle-
income country like Gabon (per capita GNI of US$ 10410 in 2014) 
are among the developing countries. From an epidemiological point 
of view, this classification does not include homogeneous or living 
populations under the same conditions, for which not all public 
health improvement solutions can be generalized. Moreover, access 
to care is a parameter that depends on many variables: economic, 
cultural as well as geographic, (in particular distance to health 
structures), independent of economic considerations. In the case of 
therapeutic management of a chronic pathology such as epilepsy, 
requiring medical examinations, follow-up and regular treatment, 
the notion of cost is a paramount. In 2012, annual expenditure on 
health care was often below US $ 50 per person per year (5.1% of  
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gross national product) for countries with limited incomes, whereas 
it exceeded US $ 1000 or even US $ 5000 for high-income coun-
tries [2]. In view of this and despite its limitations, classification by 
income level appears to be the most relevant. 

2. EPIDEMIOLOGICAL D ISPARITIES  

 In industrialized countries, the annual incidence of epilepsy is 
about 45 (between 30 and 67) per 100,000 person-years and the 
prevalence about 6 per 1000 (between 3 and 12) [1,3]. Epidemiol-
ogical indices are significantly different in developing countries. 
The mean incidence is 81.7 (95% Confidence Interval CI: 28.0 - 
239.5) per 100,000 person-years in sub-Saharan Africa [4] and 77.7 
per 100,000 people per year in Latin America, up to 190 per 
100,000 people per year in rural areas [5,6]. In Asia, the figures are 
closer to those observed in developed countries, ranging from 28.8 
to 35.0 per 100,000 people per year [7,8], without understanding 
the reasons for these differences with other developing regions of 
the globe [9].  

 The median prevalence is 14.3 per 1000 people (interquartile 
range: IQR 8.0 - 33.2) in sub-Saharan Africa [4]. In Latin America, 
a review reports a prevalence of 18 per 1000 people [6]. In Asia, the 
prevalence of epilepsy is between 1.5 and 10.0 per 1000 with an 
estimated median value of 6 per 1000. In general, the estimated 
number of cases is higher for children and young adults, as well as 
in rural areas [2]. 

3. STIGMA 

 Epilepsy is surrounded by myths and stigma in developing 
countries. Discrimination and social stigmatization are difficult 
obstacles for people with epilepsy (PWE) to overcome and it is 
therefore important not to neglect them. In most countries, knowl-
edge and attitudes towards epilepsy are often inadequate, even dan-
gerous, at any age. PWE may be prejudiced, resulting in reduced 
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access to care. This stigmatization causes many people not to take 
good care of themselves, because taking a chronic treatment daily 
would be tantamount to "displaying their illness". A superstitious 
and mystical dimension surrounds this often-demonized pathology, 
associated with sorcery or evil spirits, which again leads to a rejec-
tion or even segregation of these patients by the populations [10]. 
The phenomenon can also extend beyond the affected individuals, 
to their family members and other close relatives. 

 A study in Guinea [11] collected the different names of this 
disease from several ethnic groups. In two populations, the Peuls 
and the Soussous, epilepsy is called Djina WakŽ "devil of the 
curse", Sunna Takito "burn and make excrement", Koretai fure 
"sickness of the sky", etc. Through these different names, one no-
tices the superstitious and diabolical character of the perception of 
the disease. 

 People suffering from this stigma find less employment, disin-
tegrate socially and have a lower socio-economic status than the 
general population. Children are even denied access to school on 
grounds of suffering from epilepsy. Psychological distress is very 
high and the level of health in these subjects is lower than in the 
general population [12,13]. In China and India, epilepsy is seen as a 
reason for banning or cancelling marriage [14]. 

 This stigma is accentuated when bodily injury and scarring 
occur during seizures. Fall-related burns occur during convulsive 
seizures in open fire, with PWE not being readily rescued by resi-
dents who fear contamination [15]. These burns are easily identifi-
able traits of PWE and are often considered a criterion of incurabil-
ity [16]. 

4. TREATMENT GAP  

 The notion of treatment gap represents the proportion of pa-
tients with diagnosed and active epilepsy requiring management but 
who do not have access to it at a given time [17]. This notion in-
volves both the diagnosis and therapeutic management phases. The 
availability of diagnostic and monitoring tools for epilepsy is low in 
developing countries, with 62% of African countries and 67% of 
Southeast Asian countries equipped with a CT scan. The figures are 
even lower for magnetic resonance imaging (MRI), with 21% of 
equipped countries in Africa and 56% in South-East Asia. Electro-
encephalogram (EEG) is more widely found in these countries, but 
video-EEG is found only in less than 30% of developing countries 
[18]. Finally, the plasma levels of antiepileptic drugs allows for 
precise adjustment of doses and a rationalized benefit / risk optimi-
zation is rarely possible (especially because of a high cost) with less 
than 50% of the countries saying it is practiced. These data should 
be considered with caution because a country is defined as 
equipped if it has at least one specialized and equipped service [18]. 
However, in many cases only urbanized areas and mostly adminis-
trative and / or economic capitals have these services, which do not 
reflect accessibility for the whole population. Another important 
factor is the proportion of neurologists per country, largely in defi-
cit in developing countries. For example, Africa has an average of 
only 0.03 neurologists per 100,000 inhabitants compared with al-
most 5 in Europe and 0.01 neurosurgeons, compared with 1 per 
100,000 inhabitants [19]. 

 The "therapeutic management" component of the treatment gap 
encompasses all the therapeutic options available to treat epilepsy, 
ranging from pharmacological management to surgery. Mostly, the 
gap only considers the pharmacological dimension. Two methods 
have been described to calculate a treatment gap in a specific popu-
lation. The direct method, used in prevalence studies evaluating the 
proportion of cases not adequately treated, and the indirect method 
of calculating it based on a relationship between the expected 
prevalence of epilepsy in the population and the estimated annual 
consumption of antiepileptic drugs [20]. This method is a raw as-
sessment that lacks precision. It only considers single-dose man-
agement at standard adult doses for one year. Standard doses are 

calculated from the prescribed median maintenance dose per day 
for a drug used for its defined daily dose (DDD). However, this 
measure does not consider (i) the variability in average population 
weights, particularly in countries where undernutrition has a high 
prevalence, and (ii) paediatric populations (in sub-Saharan Africa, 
90% PWE are less than 20 years old, and on average the first sei-
zure occurs before the age of 10 in 35% of cases) [4]. On the other 
hand, antiepileptic consumption data do not give any information 
on the proportion used to treat epilepsy, chronic pain, bipolar disor-
der, etc. Finally, treatment adherence (persistence and compliance) 
is not considered and it is assumed that treated patients take a full 
year of DDD treatment. There is no possibility of controlling the 
information bias associated with newly diagnosed patients who 
initiate treatment during the year. Thus, a patient treated for 1 year 
will have the same epidemiological value as 12 patients treated for 
1 month. Nevertheless, given the lack of epidemiological data, the 
indirect method remains an indicator allowing to appreciate a tem-
poral trend. 

 In developing countries, the treatment gap affects between 25% 
and 100% of patients compared to only 10% in most industrialized 
countries [2,17,20-22]. A meta-analysis conducted in 2010 reported 
a treatment gap exceeding 75% in low-income countries [23]. Simi-
larly, populations in rural areas are twice as likely to be confronted 
with this situation compared to populations in urban areas (relative 
risk RR: 2.0, 95% CI: 1.4-2.9) [23]. Looking at macro-continental 
breakdown, countries in sub-Saharan Africa and Latin America 
seem to be more affected by this gap with nearly 90% of PWE re-
ceiving inadequate treatment or no treatment at all [24,25]. In Asian 
countries, this deficit ranges from 30 to 100% [14,26-28]. 

 These results are to be weighed because there are methodologi-
cal diversities but also different situations within the countries 
themselves. Several causes of treatment gap have been identified as 
cost of treatment, lack of accessibility and availability, lack of 
trained medical personnel and associated beliefs and stigmatiza-
tions. All these parameters do not have the same prevalence from 
one country to another and from one geographical area to another. 

5. PHARMACOLOGICAL M ANAGEMENT: ANTIEPILE P-
TIC DRUGS 

 To date, there are 27 different molecules that have proved ef-
fective in the management of at least one form of epilepsy. To this 
number is added a broad panel of strengths, dosage forms (tablet, 
capsule, parenteral solution, syrup, immediate release or modified / 
extended forms, etc.) and routes of administration (oral, parenteral, 
rectal). This variability allows the prescribers to adapt as best as 
possible the management of epilepsy. The different molecules are 
distinguished by their mechanisms of action but also by their pro-
fil es of tolerance. Indeed, the class of antiepileptic drugs is known 
to cause many adverse effects and drug-drug interactions. They 
have a narrow therapeutic range and require therapeutic drug moni-
toring (TDM). In low- and middle-income countries, the provision 
of care is extremely low; only a few major antiepileptic drugs are 
used. In addition, there are problems of availability, accessibility, 
lower quality of medicines and a significant unofficial market. 
Moreover, for the antiepileptic drugs available, few strengths and 
different dosage forms are available and accessible. One of the 
major causes of this low availability is the cost of treatments, very 
high for this pharmacological class, a phenomenon even more 
marked for the molecules of recent generations. 

 The World Health Organization (WHO) regularly publishes and 
updates a list of essential medicines, involving member countries in 
continuous supply, guaranteed quality products and appropriate 
dosage form, accompanied by the instructions for use. The last 
update of this list, 19th edition of April 2015, mentions anticonvul-
sants as main list: carbamazepine (Oral liquid form: 100 mg/5mL, 
tablets: 100 and 200 mg), diazepam (gel or rectal solution: 5 
mg/mL), lorazepam (injection: 2 and 4 mg/mL), magnesium sul-
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phate (only for eclampsia and pre-eclampsia), midazolam (oral or 
mucosal form and injection), phenobarbital (injection 200 mg/mL, 
oral liquid: 15 mg/5 mL, tablets: 15 to 100 mg), phenytoin (injec-
tion: 50 mg/mL, oral liquid: 25 and 30 mg/5 mL, oral solid forms: 
25, 50 and 100 mg) and valproic acid(oral liquid: 200 mg/5 mL, 
tablets: 100 mg, 200 mg and 500 mg gastro-resistant tablets). Etho-
suximide (capsule: 250 mg, oral liquid: 250 mg/5 mL) and valproic 
acid (injection 100 mg/mL) are included in the supplementary list. 

 In the early 2000s, WHO established phenobarbital as a first-
line treatment of epilepsy management in developing countries 
[24]. It is the most prescribed molecule in the world for the treat-
ment of epilepsy, with a higher proportion in developing countries 
because of its advantageous cost-benefit ratio. Studies in Asia [29], 
in Africa [30] and in Latin America [31] compared the efficacy and 
tolerability of phenobarbital versus phenytoin and carbamazepine. 
The results reported that there was no statistically significant differ-
ence between these major antiepileptic drugs regarding efficacy and 
tolerability. 

 Phenobarbital, listed in Table IV of the International Narcotics 
Control Board's 1971 Convention on Psychotropic Substances, is 
described as a substance with potential for abuse and a low risk to 
public health, but a therapeutic value small to large. This controlled 
substance status imposes very stringent regulations on import, dis-
tribution and sales. Because of this legislation, this molecule is only 
delivered for short periods of time, which requires the patient to 
come regularly to seek his treatment at the points of sale. 

5.1. Availability 

 The unavailability of medicines is a recurring problem in de-
veloping countries. With regard to antiepileptic drugs, non-
availability seems to be one of the most important explanatory fac-
tors concerning the management of the disease [25], continuity of 
care [32] and treatment gap [17]. It also leads to the failure of 
treatment support programs [30] and is responsible for discouraging 
patients [32]. It should also be pointed out that the availability of 
antiepileptic drugs may vary within the same country depending on 
the area involved (rural, peripheral or urban) [30] and the health 
facilities involved [33,34]. 

 Almost systematically, the private sector is much better sup-
plied in terms of the number of antiepileptic molecules available 
and in available dosages. For example, in Africa in many areas, 
only one dose per molecule is available and in very limited quanti-
ties (one or two boxes per molecule) [35]. Obtaining treatment 
without recourse to medical prescription, even classified as psycho-
tropic, is easy in many developing countries. Finally, there may be 
significant disparities between different types of distribution chains 
in the same geographical area, with an advantage in terms of avail-
ability for the private sector, but at the expense of a higher cost 
[35,36]. 

 Health authorities in developing countries do not generally 
consider epilepsy as a public health priority [24], unlike communi-
cable diseases. For example, in Laos, an annual import quota for 
phenobarbital was set at 25 kg, which covers only 2% of the coun-
try's needs [37]. In Guinea, the country's central pharmacy, the only 
official public body empowered to import generic essential medi-
cines, does not have phenobarbital treatment [11]. This situation 
reflects the non-priority perception of this disease by the authorities 
of these countries. Finally, the use of generics, which is a source of 
real savings, is not a common practice and is not encouraged in 
many African countries. In Madagascar, in urban areas only 4.4% 
of the available forms of sodium valproate are generics, and no 
phenobarbital generics are available [35]. 

5.2. Cost and Affordability 

 The cost of treatment for patients in these countries remains one 
of the main barriers to access. Phenobarbital is the first-line treat-
ment in developing countries as the cheapest antiepileptic on the 

market [24]. However, paradoxically, in Southeast Asia, the cost of 
phenobarbital is twice as high as in Europe and two to six times 
higher than in sub-Saharan Africa [18]. In 2010, the annual cost of 
treatment with phenobarbital 100 mg was approximately US $ 30 in 
Laos, which corresponds to the monthly salary of a teacher [37]. On 
the other hand, carbamazepine, phenytoin and sodium valproate are 
respectively 5, 10 and 15 times more expensive than phenobarbital 
[24]. Antiepileptic drugs of recent generations (3rd and 4th) are 
hardly available in developing countries, the main explanation re-
siding again in their costs. 

 A study conducted by Cameron and collaborators [36] in 46 
countries reports that, compared to international benchmark prices, 
costs in the public sector were 5 to 18 times higher and private sec-
tor costs 11 to 25 times higher. Regarding affordability, a govern-
ment worker should have between 2.7 and 6.2 days of salary to pay 
for his carbamazepine treatment. A study in Madagascar reports the 
same trends with 30.0% of the gross national income per capita 
adjusted to the pruchasing power parity to be able to provide an 
annual treatment with valproate of sodium, 19,0% for a treatment 
based on carbamazepine and 3.5% for phenobarbital [35].  

 The public and private social insurance which covers the reim-
bursement of a part of the costs related to medicines were not con-
sidered in this analysis. The management of this pathology repre-
sents a significant economic investment for poor people, difficult to 
maintain in the long term and on a regular basis, which greatly af-
fects adherence and consequently the success of treatment. 

5.3. Interactions 

 Antiepileptic drugs are difficult to handle, in particular first-
generation that are available in resource-limited settings. Their 
tolerance profiles are complex and their pharmacodynamic and 
pharmacokinetic parameters lead to narrow therapeutic margins 
with high inter-individual variability and drug and food interac-
tions. There are two classical types of drug interactions, pharma-
cokinetic interactions and pharmacodynamic effects. Pharmacoki-
netic interactions are the most frequent and may involve several 
phases ranging from absorption, distribution, metabolism to elimi-
nation. 

5.3.1. Malnutrition 

 Undernutrition accounts for more than 11% of the global bur-
den of disease. The impact on PWE can be significant at several 
levels. Malnutrition results in a significant decrease in blood pro-
teins such as albumin. The latter is responsible for the transport of 
xenobiotics in the blood, and a balance is struck between the fixed 
fractions and the free fractions (the only active form). Thus, mole-
cules strongly bound to plasma proteins such as sodium valproate 
or phenytoin (plasma protein binding greater than 90%) will be 
strongly influenced. Nutritional deficiencies in micronutrients can 
also be exacerbated using antiepileptic drugs such as phenytoin and 
phenobarbital, which cause deficiencies in folic acid, vitamin D and 
vitamin K. 

 Iron deficiency anaemia is another public health problem in 
countries with high prevalence of malnutrition. First-generations 
antiepileptic drugs are likely to aggravate these phenomena like 
carbamazepine, which can cause aplastic anaemias. Phenytoin and 
phenobarbital by their actions on folates can cause or aggravate 
megaloblastic anaemias of deficiency origin. Phenytoin and pheno-
barbital may also interact with other micronutrients such as vitamin 
D and may have consequences on osteosynthesis [38]. Other ad-
verse effects of antiepileptic drugs may interact with nutritional 
status. Phenytoin and, to a lesser extent, carbamazepine may cause 
oral complaints of glossitis, stomatitis and oral ulcers [39]. Taste 
and appetite changes may be observed with antiepileptic therapy. 
Sodium valproate may be responsible for weight gain with a greater 
tendency for women than for men [40].  
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5.3.2. Main Drug-Drug Interactions in Deprived Settings 

 The management of epilepsy by a pharmacological method 
requires regular and continuous treatment usually for a long period. 
The initial phase requires a balancing search of the best individual 
tolerance / efficacy ratio. All intercurrent pathologies are likely to 
disrupt this state of equilibrium. Most developing countries are in 
areas with high prevalence of communicable diseases such as HIV, 
malaria, tuberculosis and other infectious diseases that require the 
use of medicines such as antibiotics, anti-tuberculosis and anti-
retroviral drugs known to have numerous drug interactions with 
significant iatrogenic potential. 

5.3.3. - Phenobarbital 

 This molecule is a powerful enzyme inducer of hepatic micro-
somal metabolism. It increases the metabolic activity of cytochrome 
p450 (CYP450) isoforms 2C9, 2C19, 3A4/5, epoxide hydrolase and 
uridine diphosphate glucuronyltransferase, interacting in particular 
with many antiretrovirals whose effectiveness decreases by increas-
ing of metabolism. It is also a substrate of the metabolic pathway of 
the CYP450 mainly for isoforms 2C9, 2C19 and the glycoprotein p 
(Pgp). The latter functions as an adenosine triphosphate dependent 
efflux pump. It is responsible for the expulsion of many molecules 
out of the cell. This protein is strongly influenced by genetic poly-
morphism, which can potentially explain differences in treatment 
responses from one patient to another. In addition, its cellular ex-
pression can be influenced by drugs such as rifampicin, ritonavir, 
phenytoin, which induce its synthesis, or conversely decreases it, 
such as mefloquine, azole antifungals, HIV-protease inhibitors or 
cardiovascular treatments (amiodarone, calcium channel blockers 
such as diltiazem and verapamil and some inhibitors of hydroxy-
methyl-glutaryl coenzyme A, such as atorvastatin). 

 Phenobarbital has a low hepatic extraction coefficient, then 
enzyme-dependent. Hepatic clearance (liver purification capacity) 
depends on the enzymatic capacity of the liver and the binding to 
plasma proteins. For phenobarbital, plasma protein binding is glob-
ally low, around 50% and 70-80% is metabolized in the liver. 
Prevalence of hepatotoxic disorders in developing countries is quite 
important due to problems of malnutrition, consumption of hepato-
toxic substances (alcohol, illicit substances, etc.), and comorbidities 
such as viral hepatitis. 

5.3.4. - Phenytoin 

 Like phenobarbital, this molecule is an enzymatic inducer on 
CYP450 2C9, 2C19, 3A4/5 leading to a decrease in efficacy of 
many drugs. It is also a substrate for the CYP2C9 and Pgp isoen-
zymes. Conversely, some drugs may interfere with the pharmacoki-
netic and pharmacodynamic parameters of phenytoin. Co-
trimoxazole, an antibiotic widely used in AIDS patients, imidazole 
derivatives used for fungal infections (voriconazole, fluconazole, 
itraconazole, etc.) and certain HIV-protease inhibitors (indinavir, 
nelfinavir, ritonavir and saquinavir) inhibit its metabolism thus 
increasing its blood levels. Molecules with strong plasma protein 
binding such as cotrimoxazole (and to a lesser extent other antibac-
terial and antidiabetic sulphonamides) and nonsteroidal anti-
inflammatory drugs lead to an increase in the free fraction with a 
risk of exacerbation of adverse effects but also an acceleration of its 
renal excretion. Some major anti-tuberculosis drugs such as rifam-
picin and antivirals such as aciclovir can accelerate metabolism and 
decrease its effectiveness. 

5.3.5. - Carbamazepine 

 Carbamazepine has powerful enzyme inducer properties on 
CYP450 2C9, 3A4/5 and Pgp. It greatly accelerates the elimination 
of ethinyl estradiol, a major substrate of CYP3A4, and the contra-
ceptive effect may no longer be assured. It may also be the cause of 
therapeutic failure of antiviral treatment, antifungal agents (notably 
by itraconazole) and certain antiparasitic agents (albendazole, 
praziquantel). Carbamazepine is the major substrate of CYP450 
2C8 and 3A4 leading to the generation of a pharmacologically ac-

tive metabolite, epoxide-10,11-carbamazepine. On the other hand, 
this molecule possesses an anticholinergic potential interacting with 
gastric emptying which it decreases, which can disrupt the kinetics 
of digestive absorption of certain drugs and foods. Isoniazid, imida-
zole antifungals, metronidazole, certain HIV-protease inhibitors 
(indinavir, ritonavir) and non-nucleoside reverse transcriptase in-
hibitors inhibit its metabolism, which can lead to increase in very 
high plasma concentrations (from 50 to 100%). 

5.3.6. - Sodium Valproate 

 Sodium valproate is strongly bound to plasma proteins interact-
ing with molecules with stronger affinity, such as nonsteroidal anti-
inflammatory drugs. The consequence will be an increase in the 
free blood fraction, increasing the risk of adverse effects but also 
accelerating its excretion. 

 It is also, unlike other major antiepileptic drugs, a potent inhibi-
tor of the microsomal hepatic metabolism CYP450 in particular the 
2C9 isoform but also metabolisms passing through uridines glucu-
ronyl transferases and epoxide hydrolases. Rifampicin accelerates 
its metabolism as well as ritonavir. Finally, aciclovir can reduce its 
plasma concentration by 80% by decreasing digestive absorption. 

5.4. Pregnancy and Treatment of Epilepsy in Developing  
Countries 

 It is essential during pregnancy that the epilepsy is stabilized 
and to not modify the treatment throughout the gestation period. 
The risk is to destabilize epilepsy with resurgence of seizures harm-
ful to the foetus by the mechanical risk linked to the possible falls 
of the mother but also by phenomena of potentially lethal tissue 
hypoxia. The high prevalence of PWE and the high fertility rate in 
these countries partly explain the difficult equation in the manage-
ment of this disease in this context. An effective means of contra-
ception under antiepileptic therapy is needed for women of child-
bearing age. 

 The use of antiepileptic drugs is problematic for the manage-
ment of epilepsy in pregnant women because many of them are 
teratogenic. Recent studies show that a controlled epilepsy does not 
play a role in the occurrence of foetal malformations, rather induced 
by treatments. Sodium valproate is the most implicated drug with a 
dose effect and a high trans-placental passage [41-43]. The most 
commonly observed malformations are cardiomyopathy, spina bi-
fida, cleft lip or palate, hypospadia, craniostenosis. The risk of mal-
formations is four to five times higher than the general population. 
It is also responsible for neurobehavioral disorders. 

 Phenytoin, carbamazepine and phenobarbital passes the placen-
tal barrier. Maternal and neonatal concentrations are equivalent. 
However, malformation risks are only slightly increased compared 
to the general population. The risk of malformations is increased 
when several antiepileptic drugs are combined. Early neonatal 
haemorrhages have been reported in neonates of mothers treated 
with phenytoin and carbamazepine, which are related to the induc-
ing effect that increases the metabolism of vitamin K-dependent 
new-born factors. It is recommended that vitamin K1 be adminis-
tered at a dose of 10 mg / day orally 15 days prior to delivery, to 
minimize this risk. 

 For the mother, there is also a risk of change in the plasma bal-
ance of antiepileptic drugs. The volume of distribution is increased 
leading to a dilution of certain drugs [44] with decreased plasma 
peaks and increased half-life. Although this modification mainly 
affects hydrophilic molecules, antiepileptic drugs, with a more 
lipophilic than hydrophilic behaviour, could be impacted. The high 
concentrations of oestrogens cause an increase in the concentration 
of plasma proteins modifying the equilibrium between the free frac-
tion and the fixed fraction, in particular for phenytoin and sodium 
valproate which have a high protein binding. 

 As regards breast-feeding, in breast-fed babies born from a 
mother under sodium valproate, milk passage is very low (plasma 
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concentrations in breast-fed infants less than 3% of maternal plasma 
concentrations) and no malformative risk has been reported through 
this route of exposure. It is therefore not formally forbidden to 
breast-feed under this treatment. Plasma concentrations of pheny-
toin in the child are at most 1% of maternal concentrations during 
breastfeeding. The same cannot be said for phenobarbital, where 
plasma concentrations in children can reach therapeutic levels, or 
even higher, leading to not recommending breast-feeding under 
phenobarbital. The same is true for carbamazepine for which con-
centrations in breast-fed infants are on the order of 20% to 60% of 
these maternal concentrations, exposing them to a risk of liver dam-
age. 

 For a long time, a therapeutic attitude consisted in supplement-
ing pregnant women suffering from epilepsy in folic acid during the 
first months of pregnancy (embryogenesis period). Several studies 
[45-51] reported no beneficial effect of this approach on the reduc-
tion of malformations. Several cases of spina bifida in children of 
mothers with sodium valproate supplemented with folic acid have 
been reported [52-54]. It is therefore no longer recommended to 
carry out this peri-conceptional supplementation. 

5.5. Quality of Medicines 

 An important factor to consider in these geographic areas is the 
quality of treatments available to patients. Indeed, unfavourable 
climatic conditions, multiple and complex distribution chains with 
numerous intermediaries, the presence of informal parallel markets 
and the possibility of counterfeiting are all factors that can lead to 
therapeutic failure with the use of an inappropriate or even danger-
ous drug. This scourge generally affects the most deprived popula-
tions. Few studies have underlined this problem of the quality of 
medicines in disadvantaged areas. Some have shown a proportion 
of poor quality drugs varying between 13.7% for phenobarbital in 
Mauritania  and 65.0% for major antiepileptic drugs in Vietnam 
[55]. 

 These studies have reported several factors that may influence 
quality. On the macroscopic level, they showed that the quality was 
mainly satisfactory (uniformity of mass, size, shape and colour). 
The low active ingredient content was the main cause of poor qual-
ity. The first element with a potential causal link was the storage 
conditions, particularly in areas with high humidity and tempera-
ture. Delivery structures where drugs were not directly exposed to 
sunlight or disposing of an air conditioning system, were those with 
the best quality. 

 In developing countries, storage and delivery of medicines in 
primary packaging (mainly in aluminium blister packs), but also 
often in bulk (in multi-dose tubes or sachets or even exposed to the 
open air) are observed. This practice is the most at risk leading to a 
degradation of the quality of a drug but also to risk of contamina-
tion. Nevertheless, studies have shown that even aluminium blister 
packaging is not completely effective under inadequate storage 
conditions [56]. Exposure to heat is also a source of reduced quality 
of a drug. The phenomenon can be illustrated by the dissolution test 
(which characterizes the ability of a tablet to properly release the 
active ingredient according to defined kinetics) which is strongly 
impacted by temperature [57]. 

 For the tropical regions (warm and humid regions), WHO is 
proposing guidelines setting the conditions for stability studies for 
products of chemical origin (WHO, Technical Report Series No. 
937, 2009 annex 2). WHO proposes categorization by climate 
zones, countries with a hot and dry climate are in zone 3 (stability 
analyses are carried out at 30¡C and 35% relative humidity); coun-
tries with a hot and humid climate belong to zone 4 (stability analy-
ses are carried out at 30¡C and 65% relative humidity.) Prolonged 
storage outside these limits is considered as bad conditions poten-
tially damaging to the intrinsic quality of drugs. Thus, in the ab-
sence of preliminary studies adapted to the storage, transport and 
use conditions in the area, it is highly foreseeable that the quality of 

the medicinal product will be altered (lower content, etc.) compared 
to what was initially described in the marketing authorization dos-
sier. This could lead to problems of toxicity (appearance of toxic 
related substances, etc.) and/or effectiveness. 

 In tropical areas where most developing countries are located, 
relative humidity levels are close to 80% and temperatures often 
exceed 30¡C. Stability data are not determinative criteria in the 
choice of imported treatments, contrary to the economic criterion. 
Many countries have local drug manufacturing units to cover some 
of the national needs. The question of controlling and optimizing 
the post-manufacturing stability under tropical conditions of phar-
maceutical forms developed by these laboratories may also arise. 
Finally, the informal market is out of control from this point of 
view. 

 To assess and monitor the quality of their drug markets, some 
governments rely on their national drug quality control laboratories. 
WHO has developed a prequalification program for such laborato-
ries, which aims to evaluate their quality in a standardized way, 
according to the rules of good practice of the control laboratories. 
In December 2016, a list (42nd edition) of the pre-qualified labora-
tories was established. Of the 41 laboratories with this label world-
wide, only seven are in sub-Saharan Africa, five in Latin America 
and eight in Asia. Much of quality checks are carried out at the time 
of importation of the treatments, before the batches integrate the 
health system. Moreover, these checks are not carried out on all the 
batches imported. In general, government priorities in developing 
countries focus on communicable diseases (HIV/AIDS, malaria, 
tuberculosis, childhood infectious diseases, maternal and perinatal 
diseases). The assessment of end-of-pipe treatments is too rarely 
carried out, which does not allow a control on the quality of a 
treatment when the patient obtains it, while knowing that the distri-
bution chain is far from being mastered. Thus, a loss of quality of 
the drug could have taken place throughout its supply chain until its 
final storage in the delivery structure without any means for detect-
ing or preventing it. 

5.6. Counterfeiting 

 Because of the economic profitability it represents, the global 
market for falsified medicines has been growing worryingly over 
the last 15 years [58]. According to WHO estimates, drug traffick-
ing accounts for 10% of world pharmaceutical trade, of which de-
veloping countries are the main targets. China and India are the 
main suppliers of this market. Countries in North Africa are also 
being blamed, such as Morocco. A report coordinated by the World 
Customs Organization (WCO) showed that pharmaceuticals are the 
most counterfeit, alongside electronics, software, cigarettes, food 
and auto parts. The patient is then exposed to the risk of under-
dosage, or even non-existence of the active ingredient, toxic mole-
cules, etc. [59]. To fight these problems, many coordinated interna-
tional actions are being implemented involving governments, vari-
ous services (customs, etc.), organizations (WHO, Interpol, Council 
of Europe, etc.), institutions, companies, or independent institutes. 
The drugs particularly concerned are anti-malarials [60].  

 The countries most affected are Kenya, South Africa, Nigeria 
and parts of West Africa. The WCO and the International Anti-
Counterfeiting Research Institute (IRACM) have carried out two 
large counterfeit drugs capture operations (BYHELA1 in 2013 in 
23 countries and BYHELA2 in 2014 in 14 countries). BYHELA1 
allowed the interception of more than 1 billion products, 49% of 
which were pharmaceuticals and 49% came from China, 23% from 
the United Arab Emirates and 9% from India. BYHELA2 involved 
118 million items, 95% of which were illegal and/or counterfeit 
pharmaceuticals. Their origin was predominantly from India (90%) 
or China (5%). Of the drugs blocked by customs officers, the ma-
jority were for essential treatments (32% painkillers, 17% anti-
inflammatories, 5% antibiotics), as well as chronic treatments (17% 
anti-tuberculosis drugs). Psychotropic drugs and antiepileptic drugs 
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in particular, due to very strong legislative constraints (import and 
distribution) but also to the fact that neurological and mental dis-
eases are highly stigmatized and neglected, do not seem to represent 
a sufficiently lucrative target. The classification of phenobarbital as 
a controlled substance with hazardous potential implies controlled 
and complicated imports [61]. The number of publications on 
antiepileptic drugs is therefore limited. Only one study reported the 
presence of counterfeit phenobarbital tablets containing little or no 
phenobarbital in 2015 in Guinea-Bissau and Nigeria [62]. 

6. SURGERY 

 In some cases, surgical treatment may be considered. The sur-
gery is aimed primarily at patients who have experienced all possi-
ble drug solutions without obtaining an improvement in their condi-
tion. Surgical treatment is the ultimate solution. It is aimed primar-
ily at people with frequent and severely handicapped seizures on a 
personal, social and family level. However, not all forms of epi-
lepsy are operable and of the 30% of drug-resistant patients, only 
half can claim surgery. 

 Epilepsy surgery is hardly available in the less developed coun-
tries because of its cost, the scarcity of neurosurgeons, and the lack 
of infrastructure to maintain advanced technology. For example, an 
extensive preoperative assessment is necessary before establishing 
the most appropriate type of surgery. It begins with a clinical re-
view followed by several explorations to locate the epileptic focus 
(thorough electro-clinical exploration, MRI, Positon Emission To-
mography). The risk of post-operative neurological deficit should 
also be assessed using neuropsychological tests, functional MRI 
and cartography, Wada test or stereo-EEG. 

 Hopefully, epilepsy surgery becomes more and more available 
in emerging countries with the recognition of the surgically remedi-
able localized epilepsy syndromes. First medial temporal lobe epi-
lepsy, lateral lobe syndrome, could be operated on. As concepts 
advanced, lesionectomies became more common. However, most 
centres failed to publish definitive data on their rates of seizure 
control, morbidity and mortality. Nevertheless, new centres appear, 
and the advances in concepts led to a scattering of resources, with a 
problem of quality, rather than increasing a real access to epilepsy 
surgery. In 2014, for example, it was possible to have epilepsy sur-
gery in some 20 different centres spread around Latin America. 
Many centres also offer surgery in India and it is possible to have 
comprehensive evaluation and surgery in Hong Kong [63]. 

7. TRADITIONAL CARE:  ALTERNATIVE MEDICIN ES 

 Traditional medicine (TM) is a combination of knowledge and 
practices used in the diagnosis and treatment of physical, mental 
and social illnesses and based exclusively on past experiences and 
observations transmitted from generation to generation. This prac-
tice is long-standing and remains used in many diseases throughout 
the world. There are, however, few studies on the use of traditional, 
complementary and alternative medicine in PWE in developing 
countries. The concept and the many beliefs around the disease, 
affect the attitudes and practices in epilepsy. Thus, epilepsy is per-
ceived as a "disease in the mind", so the therapeutic itinerary passes 
first through those who possess means of counteracting it. 

 Epilepsy, which is a ubiquitous disease, is surrounded by preju-
dices and social considerations, often perceived as related to super-
natural phenomena [64]. Care in developing countries considers this 
dimension in which traditional medicine is frequently used [65]. 
Studies in sub-Saharan Africa have shown that modern treatment is 
not primarily used in epilepsy [66,67]. 

 Cultural beliefs about epilepsy vary from country to country 
and can influence the therapeutic itinerary. As an essential remedy 
in many countries, and because of their better availability compared 
to modern health workers, traditional healers are at the forefront in 
the management of epilepsy. Moreover, the type of treatment they 
offer, seems appropriate to the cultural beliefs of epilepsy and its 

causes [68]. This type of treatment remains the one that is accessi-
ble to more than 80% of the African populations. Some studies 
even report that traditional medicine is considered to be the only 
way to treat epilepsy. In Tanzania, 44.3% of PWE are convinced 
that epilepsy can be treated by traditional medicine and 50% be-
lieve in the power of traditional healers [69]. The treatment of dis-
eases depends above all on the knowledge of their manifestations 
but also on the perceptions that the community has of these dis-
eases. In terms of epilepsy, knowledge is generally low in the gen-
eral population [70], in different occupational groups [71,72], in 
health workers [73] and even among medical students (over 25% 
believed that epilepsy was contagious in Nigeria [74]. Some health 
workers suggest that PWEs use traditional medicine for their care 
[75]. Differences have also been observed between urban and rural 
areas where access to modern medicine is more difficult and 
knowledge of the disease is lower. In Mauritania, almost all PWE 
have already used the skills of a traditional healer [76]. In Sudan, 
almost one-third of people who care for children with epilepsy at-
tribute this condition to a supernatural cause and 26% use plants in 
the care of children with epilepsy [77].  

 This therapeutic attitude, spread throughout the world [69,78, 
79], seems to be more easily accepted by patients regardless of the 
type of treatment used. The traditional types of medicine are very 
variable in epilepsy and variously associated: medicinal plants in 
various forms for baths, beverages [80], or even scarification [79]. 
Scarification related to epilepsy are usually done on the forehead of 
the patients and indicate not only their epilepsy status but also the 
frequency of their seizures. 

 Some medicinal plants used in the traditional treatment of epi-
lepsy would have recognized antiepileptic properties [81,82] and 
the study of these plants is an important path for the future, seeking 
convergence of use in a specific area and then evaluating the effi-
cacy of extracts on animal models. 

 The reasons for the choice of traditional medicine are varied: 
difficulty of access to modern medicine, because of the perceived 
prohibitive cost, belief in epilepsy not curable by modern medicine. 
However, traditional consultation and treatment costs for epilepsy 
are often more expensive than medical consultations with prescrip-
tion of drugs [72]. Moreover, the notion of chronic disease is a 
pejorative perception in many countries, particularly in sub-Saharan 
Africa. Thus, any treatment that takes place over a long period of 
time often comes up against hesitations or doubts about its efficacy. 
In the case of epilepsy, the treatment can only control the seizures 
rather than cure it definitively. Short duration (even almost a magic 
bullet) is more in keeping with the perception of the disease itself. 

 The use of traditional medicine is sometimes delayed for sev-
eral years compared to the first manifestations of the disease and 
thus shifts also the use of modern medicine. In Nigeria, nearly half 
of the patients had been treated with this method for at least two 
years before receiving care at conventional health centres [79]. 
Even when modern therapy was in use, it was associated with tradi-
tional therapies [77], with the possibility of the patient switching 
from one treatment mode to another. 

 The use of traditional medicine remains a reality in many de-
veloping countries. Due to the slow pace of behaviour change in 
epilepsy management, this practice will remain unavoidable. As a 
result, the integration of traditional medicine into a system of com-
prehensive management of epilepsy is relevant, while defining its 
place and responsibilities. This implies an improvement in the 
knowledge of traditional healers about the causes and manifesta-
tions of epilepsy with emphasis on less identifiable seizures than 
generalized tonicoclonic ones. 

8. HOW TO IMPROVE TH E SITUATION  

 Epilepsy faces a number of problems in resource-limited set-
tings whose therapeutic dimension is the cornerstone. Primary 
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health care in these countries is very inadequate. In 1997, WHO, 
the International League Against Epilepsy (ILAE) and the Interna-
tional Bureau for Epilepsy (IBE) promoted a global campaign, 
called "out of the shadows". Its main objectives were to raise public 
awareness of the disease and improve the management of PWE. 
Several projects have been launched to increase the proportion of 
PWE receiving adequate treatment. Many interventions have been 
implemented to improve care, especially in these regions of the 
world. More recently, WHO implements a new program, WHO 
Mental Health Gap Action Program, with the main objective of 
generalizing health services for mental and neurological disorders, 
especially in low- and middle-income countries. 

 Considering therapeutic management as a longitudinal process, 
most efforts have focused on identifying and diagnosing patients, 
raising public awareness and improving drug supply. However, the 
gap in therapeutic deficit remains high, exceeding 75% in some 
countries. Medical management could be improved through actions 
at other levels of this process. Medical human resources such as 
general practitioners, pharmacists, nurses, midwives have regular 
contact with PWEs, but often lack the proper training for chronic 
disease management. Adherence, medical advice to manage adverse 
events or avoid interactions with other medicines or foods, thera-
peutic education are, among other things, useful and cost-effective 
actions that these practitioners could perform and that would con-
tribute in improving the quality of life of PWE. These practices 
help reduce the risk of therapeutic failure and enhance public confi-
dence in "modern medicine". 

 Stigmatizing psychosocial perceptions of a spiritual nature re-
garding epilepsy are still strongly rooted in mentalities, particularly 
among certain health care providers, such as pharmacy salesmen, 
sometimes even among pharmacists or doctors. The quality of 
treatments but also messages to the populations could be improved 
by training and awareness-raising adapted to all stakeholders in the 
drug chain, especially those at the end of the chain, in direct contact 
with patients. Sales habits must be secured: bulk sales, for example, 
must be accompanied by clearly identified packaging at the outlet 
of the primary packaging, with at least the name of the medicinal 
product, the form and dosage and the name of the manufacturer, 
batch number and expiry date. 

 Other actions could have beneficial effects, such as the optimi-
zation of the existing drug formulations. In 2016, the existing 
therapeutic range (choice of molecules, dosages, immediate or pro-
longed release, route of administration, etc.) is broad but has been 
developed without worrying about the difficulties of accessibility, 
availability and adherence in countries with limited resources, 
which in addition have access to only a limited number of these 
options. 

 The geographical remoteness of healthcare facilities is one of 
the major barriers to access to care. A long-lasting (one to several 
months) release form would be useful to minimize this barrier [83]. 
The sustained-release formulation is useful in many situations, par-
ticularly for chronic diseases. Epilepsy has an important therapeutic 
arsenal of treatment but no form covers a period of more than one 
day. The options for a prolonged formulation are numerous but 
heterogeneous. The idea of developing such a form for epilepsy 
does not consist in finding a new molecule, but in reformulating an 
existing molecule to optimize the management of epilepsy. The 
very prolonged release forms have the advantage of decreasing the 
number and frequency of administration, which theoretically allows 
for better blood stability of the plasma concentrations and better 
compliance. This decrease in plasma concentration changes is im-
portant in the context of epilepsy. This form has another undeniable 
advantage: the reduction of undesirable effects which is easily ex-
plained by lower doses administered at a given time. Plasma peak 
clipping reduces dose-dependent adverse effects. Adherence is also 
improved by a monthly or even biannual intake of daily medication. 
Finally, less administrations implies less therapeutic units, therefore 

a lesser quantity to store, and especially a decrease in the frequency 
of visits required from pharmacies to buy. This hypothesis tends to 
improve the barrier of geographical distance, by reducing the costs 
to be invested to obtain treatment 

 However, another aspect to be considered is the risk of forget-
ting taking the drug. Indeed, it is easier to think of taking a medica-
tion daily than at a treatment injected once a month or even more 
spaced. Moreover, the concept of a chronic disease requiring long-
term treatment is still poorly understood in many developing coun-
tries. The risk is to generate a feeling of healing in patients with 
very few medications that ultimately lead wrongly to a therapeutic 
abandon. All these hypotheses are areas of improvement that have 
not yet been investigated and will require studies to show their ef-
fectiveness, utility and interest. The development of such forms 
nevertheless requires considerable investment in research and 
pharmaceutical laboratory resources, which remains illusory for the 
moment in the absence of a profitable market in these countries. 

CONCLUSION 

 The prevalence of chronic diseases continues to increase glob-
ally and seriously threatens the ability of developing countries to 
improve the health of their populations. There are changes in be-
haviours, at societal level (the desire to adopt a modern lifestyle, 
'westernized', less and less influence of traditional cultures, growing 
urbanization), at economic level (development of international 
trade, the power and effectiveness of advertising and marketing of 
products harmful to health, the generalization of sedentary jobs and 
the integration of women into working life), and also at individual 
level (early smoking, eating habits, etc.). The immediate conse-
quence of this transition is quantifiable by the significant increase 
of diseases affecting the cardiovascular sphere like hypertension 
and/or diabetes. 

 This notion should be considered in a global public health vi-
sion for the management of epilepsy in developing countries. In-
deed, the emergence of chronic diseases such as metabolic and/or 
cardiovascular diseases affecting an increasing number of subjects 
will have to be tackled by prevention programs and treatments. The 
spatio-temporal evolution of these pathological profiles can be ex-
trapolated to that of epilepsy. Also, preventive and curative cam-
paigns will have a clear interest in collaborating in networks and 
thinking about a multi-pathological approach. Financial and human 
resources (trained and sensitized medical staff) are severely lacking 
in some countries. The pooling and coordination of resources will 
make possible the effective increase in the capacity for healthcare 
of all chronic diseases in the developing countries. 
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A B S T R A C T

Purpose: To determine  the  accessibility  of  treatment  and the  quality  of  antiepileptic  drugs  (AEDs) in  the
Haute  Matsiatra  district  of  Madagascar.
Methods: Cross-sectional  descriptive  study  and interviews.  Samples of  10 units  of  each available  AED
were  collected,  and the  active  ingredient  was quanti ! ed by reversed-phase  high-performance  liquid
chromatography  (RP-HPLC) with  photodiode-array  UV detection.  The quality  of  an AED was considered
satisfactory  if  the  quantity  of  active  ingredient  in  each tablet  was in  the  range ! 15% of  the  average value
according  to  the  European Pharmacopeia (6th  edition,  2008).
Results: The area was well  served with  health  infrastructure  but  rescue facilities  were  poorly  distributed.
Available  AEDs were  all  ! rst-generation,  and 73% were  generic  formulations.  People with  epilepsy  (PWE)
surveyed  consulted  traditional  healers and most  were  treated  with  plants.  PWE did  not  consider
themselves  sick but  believed  they  were  ÒpossessedÓ;  they  consulted  a doctor  only  immediately  after  a
seizure, following  the  advice of  traditional  healers. The most  prescribed  AED was phenobarbital,  costing
between  0.03 and 0.12 US Dollar  (US$) per  100 mg. The purchase of  full  treatment  was dif ! cult  for  77% of
PWE and as a result,  39% took  nothing.  The quality  of  AEDs were  considered  unsatisfactory  in  2.8% of
cases.
Conclusion: The AEDs collected  in  Haute  Matsiatra  were  globally  of  good quality.  The main  limiting
elements  were  a lack  of  knowledge  among  PWE that  epilepsy  is a disease, and the  cost of  traditional
treatments.

‹  2016  British  Epilepsy  Association.  Published  by Elsevier Ltd. All  rights  reserved.

1. Introduction

Epilepsy  is a major  public  health  problem  in  resource-limited
settings.  In  addition  to  a high  prevalence  there  are also shortages of
specialists,  of  diagnostic  equipment  and of  medicines  [1] . As a

result,  the  majority  of  people  with  epilepsy  (PWE) do not  have
access to  adequate treatment.

In  Madagascar, the  prevalence  of  epilepsy  is high,  about  20.8 per
1000  persons [2,3]  and the  treatment  gap is approximately  92%
[4,5] . Knowledge  and practices  relating  to  the  management  of
epilepsy  have improved  in  recent  years, resulting  in  a more
medical  interpretation  and the  use of  modern  healthcare  methods.
Behavior  and attitudes  toward  PWE among  the  general  population
are inconsistent:  the  majority  of  people  declare  themselves  to  be
tolerant  of  PWE and believe  they  should  be able to  work  and get
married,  but  not  go out  alone or  attend  school  [6] .

* Corresponding  author  at:  Univ.  Limoges, UMR_S 1094, Tropical  Neuroepide-
miology,  Institute  of  Neuroepidemiology  and Tropical  Neurology,  CNRS FR 3503
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The Haute  Matsiatra  region  of  Madagascar has no neurology
services or  brain-imaging  centers, but  religious  camps (as distinct
from  traditional  healers)  are very  numerous.  These characteristics
and the  lack  of  studies  of  the  therapeutic  management  of  epilepsy
in  this  region  prompted  us to  conduct  our  research there.

Although  ! rst-generation  antiepileptic  drugs  (AEDs) such as
phenobarbital,  carbamazepine,  phenytoin  and sodium  valproate
predominate,  there  are accessibility  problems  in  several areas
where  patients  and families  must  bear the  costs, which  can be
considerable  even when  drugs  are relatively  inexpensive  [3] .
Several authors  have reported  on the  quality  of  medications  in
developing  countries,  but  few  have studied  AEDs [7Ð9].

Here, we  describe  the  accessibility  of  AEDs and determine  their
quality  in  the  Fianarantsoa I district  with  the  main  assumption  that
the  ! nancial  cost of  treatment  limits  its  availability  to  PWE.
Consideration  will  be given  to  three  types  of  care:  modern,
traditional,  and that  delivered  in  religious  camps.

2. Methods  (study  area, population,  data  collection,  data
analyses)

This cross-sectional  observational  study  was conducted  in
Fianarantsoa I, one of  seven districts  in  the  Haute  Matsiatra  region
of  Madagascar. The region  has 194 542 inhabitants  with  a
population  density  of  1309/km 2. In  2010, there  was one doctor
there  for  every  5000  inhabitants  [10] .

Using a simple  random  sampling  procedure,  twenty-three  of
the  ! fty  neighborhoods  were  selected for  this  descriptive  study.
Care and delivery  sources were  identi ! ed, and interviews
conducted  with  health  professionals,  traditional  healers and
leaders of  religious  camps. PWE, identi ! ed by  a door-to-door
survey  completed  questionnaires.  The study  was made possible
thanks  to  heads of  neighborhoods  who  directed  us and introduced
us to  families.  The 100 PWE involved  were  selected regardless of
age and drug-taking.  PWE who  had received  prior  medical
treatment  long  time  ago, had never  seen a doctor,  or  were
supported  by other  therapeutic  options,  were  also considered.

With  the  approval  of  the  Regional Director  of  Health,  data were
collected  by four  investigators  (three  doctors  and one pharmacist)
using  standardized  questionnaires  for  PWE and physicians,  guides
for  interviewing  traditional  healer  and/or  pre-printed  forms  for
information  about  drugs. The questionnaires  were  adhoc ques-
tionnaires  based on existing  stigma  scales, or  KAP tools  in
particular  EMIC tool  [11] . They were  translated  in  local  languages
and the  translation  was veri ! ed after  back-translation  and pre-test.
The investigators  visited  the  of! ces of  the  different  health
professionals  and the  homes of  PWE. Before each interview,  oral
consent  was obtained.  Further  information  was also used as
follow-up  in  the  health  register.

All  results  were  coded to  maintain  the  anonymity  of  each
participant,  and data were  analysed using  EpiInfo  software.  For the
descriptive  analysis, qualitative  variables  were  expressed as
numbers  and percentages, and quantitative  variables  as means.
A sample  of  10 units  of  each available  AED was collected  without
any prescription.  If  the  stock  was suf! cient  for  more  than  one
month  of  treatment  with  the  standard  dose, the  investigator
bought  20 units  of  each AED.

The quality  of  AEDs was evaluated  using  standardized
pharmaceutical  tests (mass uniformity  and uniformity  of  content
of  active  ingredients)  according  to  the  recommendations  of  the
European Pharmacopoeia (6th  edition,  2008)  [12] . The uniformity  of
mass analysis  was used to  determine  the  difference  between  the
mass of  each unit  and the  average mass of  the  sample. This test  was
performed  on 20 tablets,  or  10 if  there  were  no more,  which  were
weighted  and the  average mass was calculated.  When  weighed
singly,  the  limits  for  deviation  of  individual  masses from  the

average mass were  ! 10% for  tablets  with  an average mass less than
80 mg, ! 7.5% for  tablets  between  80 and 250 mg  and ! 5% for
tablets  more  than  250 mg. The test  was considered  satisfactory  if
no more  than  two  of  the  individual  masses deviated  from  the
average mass by more  than  the  limits  and none  deviated  by more
than  twice  that  percentage  limit.

The assay of  active  ingredient  (AI)  was determined  using  high-
performance  liquid  chromatography  (HPLC) with  an ultraviolet
(UV) diode-array  detector  (DAD) to  evaluate  uniformity  of  content.
This test  was considered  to  be satisfactory  if  the  AI content  of  each
tablet  felt  within  ! 15% of  the  average amount  of  AI, according  to
the  criteria  recommended  by the  European Pharmacopoeia. Content
uniformity  was determined  using  10 tablets  selected randomly.
The lot  succeeded the  test  if  the  individual  content  of  each unit  was
between  85% and 115% of  the  mean. It  was not  valid  if  the
individual  content  of  more  than  one unit  was not  within  these
limits,  or  if  the  content  of  a single  unit  was outside  the  limits  of  75Ð
125% of  the  mean. These requirements  are the  pharmaceutical
technical  procedures.

Accessibility  was evaluated  according  to  the  following  criteria:
number  of  different  systems and sources of  care and support;
number  of  physicians  supporting  a standard  population  of  PWE;
presence of  delivery  systems;  variety  and quantity  of  AEDs
available  and delivered;  percentage  of  PWE able to  travel  to  a
consultation  and purchase an AED within  a day;  and the  total
monthly  cost of  treatment.

3. Results

3.1. Mapping  facilities  and areas of intervention

District  Fianarantsoa I consists of  50 districts  with  28 health
facilities  and 10 delivery  sources.

The seven boroughs  considered  were  served by one:

-  One University  Hospital  (UH).
-  10 Basic Health  Centres (BHC) in  Public  Management:  where

patients  receive  treatment  and pay for  all  medical  expenses.
-  One preventive  medicine  services within  the  University  under

semi-private  management  that  support  students  and adminis-
trative  staff,  all  expenses paid.

-  16 private  facilities  included  both  private  medical  of! ces
belonging  to  private  doctors  or  health  centers  managed by
religious  centers  or  private  facilities  to  support  company
personnel.  In  these centers, patients  pay medical  expenses.

-  Three traditional  healers including  two  members  of  the
Malagasy Traditional  Healers Association,  recognized  by the
Department  of  Traditional  Medicine  and Pharmacopoeia  of  the
Ministry  of  Public  Health.

-  Three religious  camps supported  by Protestant  churches  help
patients  with  neuropsychiatric  disorders,  whom  they  describe
as Òpossessed by evil  spirits Ó, which  must  be expelled  using
prayer  and exorcism  rituals.  The camps have ! elds where
patients  can work.  Religious  camps hold  an emergency  kit
containing  drugs  and when  a patient  has a seizure  decisions  are
made about  the  nature  and amount  of  medication  to  be
administered.  The three  religious  camps surveyed  were  on the
outskirts  of  their  districts;  two  of  them  run  by  religious,  and a
pastor  administers  the  third.

-  10 outlets  for  AEDs were  delivered  by the  following:  pharmacies,
pharmaceutical  organizations  owned  and managed by quali ! ed
pharmacists,  the  pharmacy  at  the  University  Hospital  run  by  a
religious  organization,  dispensaries,  private  bodies controlled  by
people  holding  at  least the  national  patent  holder  of  the  general
education  and an illicit  market  in  the  city  center  selling  drugs  of
unknown  origins  at  prices  agreed with  buyers  by  haggling.
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3.2. Socio-demographic characteristics of PWE

We conducted  interviews  concerning  100 subjects;  56% of  PWE
were  interviewed  directly,  and in  44% of  cases the  families
responded.  Sixty  four  percent  of  PWE were  dependent  on their
families.  Even though  96% of  PWE lived  in  urban  settings,  only  40%
were  working  and 15% were  married.

Disease onset  was before  the  age of  15 years in  69% of  cases.
Nine  out  of  ten  PWE said they  had no source of  information  about
their  illness;  84% refuted  the  idea that  epilepsy  is a disease that
should  be hidden.  Only  1% was graduate  and more  than  40% believe
in  a supernatural  origin  of  the  disease.

More  than  eight  out  of  ten  patients  procured  an AED with  a
prescription  issued at  their  ! rst  consultation,  but  7% reported
buying  an AED without  a prescription.  Of the  100 PWE inter-
viewed,  46% were  convinced  of  the  effectiveness  of  modern
treatments  and up  to  73% would  recommend  them  to  another
patient;  20% preferred  prayer  sessions, and 7% traditional  treat-
ments  but  91% have herbal  treatment.  From  a ! nancial  point  of
view,  63% of  PWE considered  medical  consultation  overpriced,  and
67% said the  same of  modern  treatments.  More  than  20% have no
social security  or  family  support  and in  total,  77% had dif ! culty
affording  treatments.

The characteristics  of  PWE are summarized  in  Table 1 and a
comparison  between  the  PWE and the  general  population  is
summarized  in  Table 2 with  the  help  of  demographic  and health
survey  [13] .

3.3. Public and private  doctors

Although  all  doctors  were  aware  of  the  need for  long-term
treatment  of  epilepsy,  in  practice  the  treatment  prescribed  covered
an average of  only  seven days. Treatment  was continued  for  two
years or  more  in  half  the  cases and for  less than  a year in  39%
(Table 3).

3.4. The staff in  charge of issuing

Nine  people  responsible  for  issuing  AEDs in  various  settings
were  interviewed.  Generic ! rst-generation  AEDs were  the  most
requested  as they  were  the  most  accessible in  terms  of  cost. Four
types  of  AEDs were  purchased  (phenobarbital,  phenytoin,  carba-
mazepine,  sodium  valproate)  with  the  benzodiazepine  diazepam
when  available.

For delivery  structures,  62% of  the  managers had no quali ! -
cations,  24% were  graduate  pharmacists,  9.5% were  trained  to  be
managers, and 4.5% were  allied  health  professionals.  Nearly  90% of
dispensers reported  that  phenobarbital  was the  most  requested,
33% that  benzodiazepines  were  occasionally  issued. Sodium
valproate  and phenytoin  were  rarely  issued, and other  AEDs never.

All  suppliers,  including  pharmacies,  required  a prescription  and
9.5% replaced  the  AED with  another  when  patients  could  not  afford
the  ! rst.  Duration  varied,  but  most  patients  were  given  enough
AED for  one week  to  one month.

3.5. Traditional  healers

Traditional  healers claimed  to  be fully  informed  about  epilepsy,
as well  as being  trained  in  its  care by  their  fathers.  They all
practiced  in  towns.  Two  out  of  three  believed  that  the  disease is
both  a form  of  possession and a divine  punishment.  They locate  the
disease at  the  heart  mainly  due to  affective  disorders  occurring  on
an individual  possessed. The brain  and the  body  react  by  producing
tremors  and abnormal  movements  affecting  the  entire  limbs  and

Table  1
Characteristic  of  PWE included.

Interview
Directly  56%
Family  44%

Disease onset
Before 15 years 69%
After  15 years 31%

Beliefs about  epilepsy
Knowledge  of  the  disease 43%
Possession 36%
Divine  punishment  6%
Hereditary  5%
Contagious 2%

Medical
Monitoring  of  the  disease 45%
Consultation  for  crisis  only  8%
Regular consultation  33%
Herbal  treatment  91%
Phenobarbital  42%
No treatment  39%

Management  of  treatment
Family  support  58%
Social security  21%
No help  21%

Delivery  structures
Pharmacy 36%
Deposit  or  illicit  market  64%

AED buy
With  prescription  83%
Without  prescription  7%
Unknown  10%

Table  2
Socio-demographic  comparison  between  PWE and general  population.

PWE General population

Mean  age 29 !  13.62 years 19,4 years
Sex ratio  1 1

Marital  status
Family  life  64%
Married  15% 58,7%
Couple 7% 9,4%
Single 10% 31,7%
Other  4% NA

Residence
Urban  96% 16,6%
Rural 4% 83,4%

Religion
Christian  96% 54,5%
Other  4% 45,5%

Activity
School 13% 80,5%
Professional  40% NA
Inactive  47% 9,1%

Education
Primary  school  53% 50,3%
Secondary school  28% 33,1%
Graduate  1% 2,8%
No formal  education  18% NA

NA:  not  available.
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body,  with  salivary  hypersecretion  and a brief  loss of  conscious-
ness. The traditional  treatment  of  epilepsy  involves  two  steps:
remedy  and restriction.  Healers mainly  use plants  as remedies
associated with  incantations  and deliverance  ceremonies  over
three  to  seven sessions. There are restrictions  concerning  food
containing  fats and proteins  such as meat,  eggs and ! sh. The cost of
a consultation  varies  from  034$ to  103$. These healers af! rmed
that  their  treatment  is compatible  with  modern  medicine.

3.6. Religious camps

The pastor  reported  believing  that  epilepsy  is an organic  disease
that  weakens  the  spiritual  condition  of  the  patient.  All  said it  was
caused by demonic  possession. A total  of  89% of  PWE were  sent to
religious  camps by their  families,  11% were  sent by  the  church;  71%
of PWE in  camps were  believers.  The number  of  patients  cared for
in  the  camps varied  between  35 and 40 per  month.  Six out  of  ten
patients  were  resident  in  the  camps, accompanied  by a family
member,  and four  in  ten  went  only  occasionally.

Camp of! cials conducted  prayers  and exorcisms  to  Òcure
demonic  possessionÓ. Only  one of  them  restricted  food  or  lifestyle.
Of! cials said they  sent patients  to  the  private  health  center  when
necessary.

3.7. Antiepileptic  drugs

Twenty  units  of  each available  molecule  were  bought.  At  the
time  of  purchase, the  average expiration  period  was 18.6 months,
with  a range from  30 days to  46 months.

AEDs purchased  from  the  illicit  market  were  very  close to  the
expiry  date, were  not  presented  in  boxes and had no instructions.

In  total,  41 samples were  acquired:  27% were  phenobarbital,
27% carbamazepine,  7% sodium  valproate,  5% phenytoin,  and 34%
diazepam.  All  samples were  tablets  of  ! rst-generation  AEDs.
Considering  all  types  of  AEDs combined,  32% came from  China, 27%

from  India,  24% from  France, 5% from  Madagascar, and 2.5% each
from  Italy  and Egypt. Their  origin  could  not  be determined  in  7% of
cases.

Regarding the  availability  of  AEDs in  Haute  Matsiatra,
carbamazepine  and diazepam  were  the  most  commonly  supplied
agents from  91% of  sources, followed  by phenobarbital.  Phenytoin
and sodium  valproate  were  not  available  from  17% of  the  sources,
and were  available  exclusively  from  pharmacies.  Overall,  pharma-
cies had a wide  variety  of  AEDs, and at  least one provided  all  AEDs
found.  Other  structures  such as the  hospital,  the  deposit  of  drugs
and the  illicit  market,  had only  three  on seven AEDs.

3.8. Costs

The cost of  medical  consultations  ranged  from  US$ 1.71 with
general  practitioners  to  US$ 5.13 with  specialists,  who  were
available  only  in  the  capital.  For PWE seeking access to  specialists,
we  must  add the  cost of  transportation  (US$ 13.67 per  person
round  trip)  and accommodation  (at  least US$ 2.73 per  night)  and
the  cost of  such additional  examinations  as brain  imaging  (scanner
US$ 102.55).

Unit  prices  varied  from  US$ 0.01 to  US$ 0.11 for  generic  and US$
0.11 to  US$ 0.50 for  brand  drugs. Comparing  the  prices  for  all  AEDs,
the  pharmacy  of  the  University  Hospital  was the  less expensive.
However,  inpatients  were  the  only  bene! ciaries  (Table 6). Pheno-
barbital,  the  most  accessible of  the  AEDs, was sold  at  price  between
US$ 0.03 and US$ 0.12 for  the  100 mg  dosage unit.  The monthly  cost
of  treatment  for  PWE taking  only  phenobarbital  ranged  from  US$
1.03 to  US$ 3.74.

3.9. Quality  of antiepileptic  drugs

Regarding uniformity  of  mass, of  the  41 samples collected,  four
were  not  satisfactory  (Table 4);  of  those four,  two  samples of
phenobarbital  were  purchased  at  a pharmacy,  one made in

Table  3
Interviews  of  public  and private  doctors.

Public  doctors  Private  doctors

Total  16 18

Place exercise 44.0% in  UH
66.0% in  BHC

9 self employed
5 in  religious  health  organizations
4 in  private  centers

Number  of  PWE supported  (/month/doctor)  3 3

Phenobarbital
First-line  prescription  87.0% 67.0%
Single daily  dose 75.0% 72.0%
Prescription  if  failure  Carbamazepine bitherapy  Carbamazepine bitherapy

Con" ict  between  modern  and traditional  medicine  87.5% 83.0%

Patients  consulting  other  therapists  81.0% 87.0%

Table  4
Samples that  did  not  meet  the  test  for  uniformity  of  mass.

INN Place of  issue Place of  manufacture  Ma (mg)  Gap (%) Number  of  tablets  except

Limit  X2 limit

Carbamazepine Illicit  market  China 270.75 5.3;  12.2 2 1
Diazepam  Illicit  market  Egypt  103.34 17 1 1
Phenobarbital  Pharmacy Madagascar 206.51 7.9;  8.1;  9.5;  10.1 4 0
Phenobarbital  Pharmacy NR 199.35 7.7;  8.1;  8.4;  8.8;  13.1 5 0

Ma:  mean  average; NR: not  reported;  INN:  international  non-proprietary  name.
Note:  the  test  is not  satisfactory  if:  more  than  2 of  20 units  fall  outside  de! ned limits;  and at  least one unit  mass differs  from  the  twice  the  standard  limit.
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Madagascar and another  from  an unknown  place of  manufacture.
The other  two  samples were  sold  on illegal  markets  (AED based
carbamazepine  was made in  China and the  one based diazepam
was made in  Egypt).

Regarding the  uniformity  of  the  active  ingredient,  three
molecules  represented  88% of  the  total  samples:  diazepam  (39%
of the  total),  carbamazepine  (30.5%) and phenobarbital  (30.5%); up
to  83% of  the  total  were  generics.

Assay of  10 units  of  each medication  (Table 5), led  to  the
conclusion  that  the  samples of  carbamazepine  passed the  test  for
uniformity  of  content.  One of  eight  samples of  phenobarbital
collected  from  pharmacies  has exceeded the  limits  of  ! 15% of  the
average content.  The sampling  and assay of  20 other  units
recommended  by the  European Pharmacopoeia to  con! rm  or
disprove  this  result  could  not  be made because of  the  lack  of
suf! cient  quantities.  This sample  produced  in  Madagascar was
considered  unsatisfactory.  All  other  samples were  satisfactory.

All  diazepam  samples passed the  test  for  uniformity  of  content.

4. Discussion

This study  identi ! ed a large number  of  barriers  to  effective
treatments  at  patient  and health  system  levels. The area was well
served with  health  infrastructures  but  rescue facilities  were  poorly

distributed.  Problems  at  patient  level  were  mainly  due to  beliefs
related  to  epilepsy  and ! nancial  dif ! culties.  The study  also focused
on the  quality  of  AEDs and have reported  a good results  of  analysis
concerning  this  point.

With  regard  to  recruitment  of  PWE, no cases were  con! rmed  by
a neurologist,  potentially  leading  to  an information  bias. To
minimize  this  risk,  families  were  questioned  in  detail  about
seizures, their  characteristics  and their  frequencies.  This was
helped  as well  by  the  consultation  booklet  containing  all  AEDs
prescribed  by doctors.  In  addition,  an information  bias was induced
by the  fact  that  44% of  interviews  were  done with  relatives  instead
of  patients,  when  the  latter  were  children,  suffering  from
dementia,  or  otherwise  unable  to  respond  adequately.  PWE
included  in  our  study  had a higher  mean  age than  the  general
population,  perhaps  because children  are less easily  diagnosed
especially  in  rural  area where  we  found  only  4% of  PWE. Only  15% of
PWE are married  as opposed to  59% in  the  general  population,
which  supposed that  the  disease is a major  impediment  to  the
wedding  in  the  country.

Health  infrastructures  in  the  area were  well  distributed,  each
district  had at  least one delivery  structure.  However,  most  of  them
are concentrated  in  the  ! rst  and second district,  so they  was
inequalities  in  the  distribution  of  delivery  structures  that  might
reduce  the  availability  of  AEDs for  PWE residing  in  remote  districts.

Table  5
Content  uniformity  of  samples.

Place of  issue Manufacturing  country  Average content  mg/t:  m  (cv)  Number  of  tablets  Results

2  [85Ð115%] =2  [75Ð125%] 2  [75Ð125%] & =2  [85Ð115%]

Carbamazepine
Pharmacy Italy  203.4 (5.1)  10 0 0 Satisfactory

India  194.8 (5.8)  10 0 0 Satisfactory
India  216.2 (6.6)  10 0 0 Satisfactory
India  204.7 (3.9)  10 0 0 Satisfactory
India  210.8 (3.8)  10 0 0 Satisfactory
China 196.3 (4.1)  10 0 0 Satisfactory
China 198.2 (2.7)  10 0 0 Satisfactory
China 190.7 (4.3)  10 0 0 Satisfactory

Hospital  China 187.0 (5.1)  10 0 0 Satisfactory
Repository  China 194.3 (4.6)  10 0 0 Satisfactory
Illicit  market  China 190.6 (7.0)  10 0 0 Satisfactory

Phenobarbital
Pharmacy France 105.0 (2.9)  10 0 0 Satisfactory

France 51.6 (3.7)  10 0 0 Satisfactory
India  101.2 (2.9)  10 0 0 Satisfactory
China 102.5 (2.3)  10 0 0 Satisfactory
China 101.4 (3.2)  10 0 0 Satisfactory
Madagascar 100.3 (7.7)  10 0 0 Satisfactory
Madagascar 107.6 (8.9)  9 0 1 Unsatisfactory
NA 106.0 (7.3)  10 0 0 Satisfactory

Hospital  China 49.6 (4.9)  10 0 0 Satisfactory
Repository  China 100.4 (2.9)  10 0 0 Satisfactory
Illicit  market  NA 49.1 (2.5)  10 0 0 Satisfactory

Diazepam
Pharmacy France 4.9 (2.0)  10 0 0 Satisfactory

France 9.6 (4.6)  10 0 0 Satisfactory
France 9.2 (5.5)  10 0 0 Satisfactory
India  4.7 (4.0)  10 0 0 Satisfactory
India  4.8 (4.1)  10 0 0 Satisfactory
India  4.9 (1.7)  10 0 0 Satisfactory
India  4.8 (3.6)  10 0 0 Satisfactory
India  4.7 (3.2)  10 0 0 Satisfactory
India  4.9 (2.9)  10 0 0 Satisfactory
China 9.4 (6.3)  10 0 0 Satisfactory
China 9.5 (3.7)  10 0 0 Satisfactory

Hospital  Egypt  4.7 (3.7)  10 0 0 Satisfactory
Repository  China 8.9 (1.5)  10 0 0 Satisfactory
Illicit  market  NA 4.8 (5.9)  10 0 0 Satisfactory

m:  mean;  cv:  coef! cient  of  variation  (%); t:  tablet;  NA:  not  available.
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In  2001, Simonet  described  the  same phenomenon  in  a study  in
northern  Vietnam  [14] . This is consistent  with  a 2003  report
stating  that  the  nearest  infrastructure  was less than  5 km  away  for
95% of  the  population  of  Fianarantsoa I [15] . Similarly,  8% of
patients  interviewed  said that  the  pharmacy  was far  from  their
home.  In  general, we  can conclude  that  health  infrastructures
coverage is not  a limiting  factor  on support  in  the  Fianarantsoa I
District.  However,  all  the  health  facilities  are severely  under-
equipped  and cannot  satisfy  the  basic health  needs of  the  local
population.

The absence of  an exemption  or  reimbursement  of  health  care
costs is also a limiting  factor.  A number  of  households  are obliged
to  spend a lot  of  money  to  access care, including  hospitalisation,  or
must  forego  treatment  because the  cost is too  high  [16] .

Phenobarbital  is the  ! rst  choice molecule  of  private  and public
doctors.  Carbamazepine is prescribed  as a second line  drug  either
alone or  sometimes  in  combination.  It  should  be noted  that  there  is
no consistency  between  the  duration  of  treatment  prescribed  by an
average of  10 days, and the  knowledge  of  doctors  to  the  need for
long-term  treatment.

Many  doctors  do not  know  about  AEDs other  than  phenobarbi-
tal,  carbamazepine  and diazepam.  In  order  to  be ef! ciently  and
sustainably,  the  improvement  of  access to  information  among
doctors  will  requires  the  implementation  of  a network  organiza-
tion  [17] .

In  this  study,  55% of  PWE had not  returned  to  the  doctor  for
follow-up,  however  pharmacies  continue  to  be supplied  with
AEDs. A previous  study  conducted  in  Cameroon also observed  an
inconsistency  between  the  scarcity  of  medical  consultations  and
frequent  delivery  of  AED by pharmacist  [18] . In  fact  there  was not
strict  equation  between  the  rates of  prescription  and the  supply  of
AEDs. Although  some AEDs were  never  prescribed,  they  continued
to  be delivered  frequently  by  the  dispensing  pharmacies.  An
explanation  could  be self-treatment.

AEDs used in  the  study  area were  mainly  generics (73%), and
mostly  made in  China, India  and Madagascar. Several authors
suggest that  the  treatment  gap is often  due to  the  unavailability  of
AEDs [19,20] , but  this  does not  seemed to  be the  case in  the  District
of  Fianarantsoa I.

All  personnel  dispensing  AEDs said that  a prescription  was
required,  but  in  practice  it  was easy to  obtain  samples without  one.
It  is really  important  to  improve  the  treatment  skills  of  AED
providers,  like  in  Kenya where  there  is a national  epilepsy
management  guideline  that  help  standardise  this  and improve
correct  prescribing.  Kenya is one of  few  African  countries  that
developed  epilepsy  guidelines  in  2014, which  are now  deployed
countrywide  [21] .

Concerning  the  quality  of  the  drugs, regarding  uniformity  of
content  of  the  AI compared  with  the  mean, only  36 (2.8%) were  not
satisfactory  (locally  made generic  phenobarbital).  The AI was not
determined  in  ! ve samples due to  technical  issues, the  quality  was
considered  good on the  basis of  the  test  of  mass uniformity.  It

therefore  seems that  the  AEDs available  from  different  sources in
Fianarantsoa District  I in  Haute  Matsiatra,  Madagascar were
generally  of  good quality.

The minimum  wage in  Madagascar is 100 000 Ar  (31  US$) [22] .
The monthly  salary  of  a householder  does not  therefore  cover  the
extra  cost (10% of  salary)  required  for  long-term  treatment  if  one
member  of  the  family  has epilepsy.  After  investigation,  we  found
that  modern  medicine  was too  expensive  for  67% of  PWE, and
traditional  medicine  coexisted  with  regular  consultations  to
healers for  monitoring  and for  episodic  consultation  with  doctors
at the  onset  of  seizures.

Financial  accessibility  seemed the  most  serious problem,  as 77%
of PWE were  struggling  to  obtain  full  treatment,  and 39% were
receiving  no antiepileptic  treatment  for  that  reason. In  13 epide-
miological  surveys carried  out  in  12 African  countries  between
1994  and 2004  and involving  2269  PWE, the  treatment  gap was
estimated  at  30.6% [23]  and a recent  review  of  the  WHO suggest
that  the  treatment  gap is 50Ð75% [24] .

The de! cit  that  we  found  when  interviewing  PWE in  the  District
of  Fianarantsoa I was 39%. Moreover,  the  treatment  gap across
Madagascar as determined  by the  indirect  method  of  the
International  League Against  Epilepsy  [25] , taking  particular
account  of  AED sales, was 92% [4] . The lower  treatment  gap found
in  our  study  may  be explain  by  the  well  distribution  of  health
infrastructure  in  the  area

Also, other  assessments using  direct  methods  are needed to
improve  the  reliability  of  results.

Patients  surveyed  were  not  particularly  sensitive  to  the
effectiveness  of  treatment  and 91% were  taking  herbal  treatment.
This results  are in  agreement  with  previous  studies,  such as in
Tanzania, where  44.3% of  patients  believe  that  epilepsy  can be
treated  by traditional  medicine  and 34.1 through  prayer  [26] . This
also con! rms  the  ! nding  of  previous  studies  that  between  25% and
75% of  PWE do not  adhere to  their  antiepileptic  treatment  [27,28] .

They also wanted  a state subsidy  of  their  care, as is it  the  case for
various  communicable  diseases such as tuberculosis  or  hepatitis
when  patients  receive  free treatments.

Information  campaigns  and education  of  the  population  in  the
! ght  against  stigma  and cultural  representation  of  epilepsy  via
mass media  and community  awareness campaign  should  be
conducted.

All  doctors  who  support  PWE in  the  District  of  Fianarantsoa I
were  generalists.  Only  one health  center  base was led  by  a health
professional,  a midwife  who  looked  after  consultations  in  all
disciplines.  Services therefore  lack  professionals  competent  in  the
management  of  epilepsy.  The training  of  primary  health  workers
and general  practitioners  in  epilepsy  should  be a priority.

5. Conclusion

This study  described  the  accessibility  of  antiepileptic  drugs  in
the  District  of  Fianarantsoa I in  MadagascarÕs Haute  Matsiatra

Table  6
Cost of  100 AED unit  (US$) collected  from  each source.

AED Pharmacy UH Repository  Illicit  market

INN P1 P2 P3 P4 P5 P6 P7 P8

Phenobarbital  50 mg  Ð Ð Ð Ð Ð Ð Ð 6 1 Ð 5
Phenobarbital  100 mg  12 5 4 9 3 5 4 Ð Ð 4 Ð
Carbamazepine 200 mg  13 3 3 5 3 18 Ð 4 2 3 5
Diazepam  5 mg  5 3 5 7 3 2 5 2 1 Ð 5
Diazepam  10 mg  9 Ð Ð 10 Ð Ð 1 Ð Ð 4 Ð
Phenytoin  100 mg  Ð 7 Ð Ð Ð Ð Ð 8 Ð Ð Ð
Sodium  valproate  Ð Ð 50 50 Ð Ð Ð Ð Ð Ð Ð

Ð:  not  available;  INN:  international  non-proprietary  name;  UH:  University  Hospital;  P1Ð8:  pharmacy  1Ð8.
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Region. Regarding availability,  the  situation  seemed relatively
favorable  as almost  all  ! rst-generation  AEDs recommended  by
WHO for  developing  countries  were  on the  market.  They were
generally  of  good quality  in  terms  of  uniformity  of  mass and
content  of  AI.

In  terms  of  access to  care, the  major  barrier  was ! nancial
dif ! culty  associated with  the  belief  that  epilepsy  is evil.
Geographic  accessibility  was not  a problem  because patients  lived
relatively  close to  care and delivery  facilities.

At  the  end of  our  study,  our  hypothesis  was con! rmed  by the
existence  of  other  therapeutic  options  at  a lower  cost that
in " uences the  accessibility  of  AEDs for  PWE. To remedy  this,
several efforts  should  be made to  reduce  the  treatment  gap.

Progress are also necessary in  the  chain  of  events  that  lead to
the  provision  of  quality  AED: for  the  requirements  for  marketing
authorization  by  the  Malagasy Medicines  Agency for  products
issued in  the  territory,  by  implemented  in  Region decentralized  of  a
relay  National  Control  Laboratory,  for  structures  under  the
regulations  of  import,  distribution  and dispensing  of  medications.
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Objective: To assess the current status of initiatives carried out in developing countries to improve therapeutic
management of people with epilepsy.
Methods: A literature review was performed in 2015 to identify and analyze interventional programs carried out
in countries with low- and middle-income economies. Electronic databases were reviewed with no time restric-
tion. Each intervention was categorized according to the level of evidence achieved (A: blind randomized con-
trolled trial, B: randomized controlled trial, C1: randomized trial, C2: controlled trial, D: prospective cohort, E:
retrospective evaluation).
Results:A total of 46 intervention projects were identi ! ed, 13 with no quantitative assessment. The 31 remaining
projects were carried out in 18 countries, 52% (16) in Africa, 42% (13) in Asia, and 6% (2) in Latin America. Among
those, 13% (4) were level B, 3% (1) C1, 6% (2) C2, 74% (23) D, and 3% (1) were level E. The effectiveness of the
intervention, assessed by the ef ! cacy of antiepileptic drugs, was the primary objective in 81% (25). People
with epilepsy were on average seizure-free in 44.6% ± 14.4% of cases at one year, ranging from 25.0% to 78.4%.
At two years, on average 50.9% ± 29.7% are seizure-free, ranging from 4.6 to 92.7%. The median compliance
was 79.3% with a minimum of 21.6% and a maximum of 100.0%.
Discussion:No blind randomized controlled trial has been used to assess the ef ! cacy of a program to improve ac-
cess to antiepileptic drugs (AEDs) in developing countries, and the level of evidence was globally low. Phenobar-
bital remains the AED predominantly used in programs. Adherence to treatment management has been pointed
out to be a key element in the success of a program, sometimes not suf ! ciently considered. Monthly supply of
AEDs, at speci! c and community level, reducing the costs and time spent traveling, appeared to be the most ef-
fective strategies. Homogenization and standardization of evaluation practices of programs to improve the man-
agement of epilepsy in resource-limited settings would lead to comparison and meta-analysis which would
ultimately improve strategies of support for not only epilepsy but also other noncommunicable diseases in devel-
oping countries.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Epilepsy is a chronic noncommunicable neurological disorder
affecting approximately 70 million people, of whom nearly 85% live in
low- and middle-income countries (LMICs) [1] . This represents 0.5% to

1% of the total global burden of morbidity and mortality [2] . In industri-
alized countries, the incidence is about 50 per 100,000 cases per year
[3] , and the prevalence is 7 per 1000 cases per year (2.7 to 17.6) [4] .
Epidemiological evidence suggests material differences in developing
countries. In sub-Saharan Africa, the average incidence is 80 per
100,000 cases per year and the average prevalence is 13 per 1000
cases per year, as determined by door-to-door monitoring studies [5] .
The estimated number of cases is greater among children and young
adults and in rural areas [6] .

Effective management of epilepsy involves the use of antiepileptic
drugs (AEDs), as drug-resistant forms account for 20 to 30% of
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cases[7] . To date, 27 different AEDs with a wide range of dosages and
formulations (tablet, capsule, parenteral solution, syrup, immediate or
modi ! ed/extended forms, etc.) have been introduced, along with for-
mulations for various routes of administration (oral, buccal, parenteral,
rectal). This variability allows for optimal individual adaptation of the
treatment of epilepsy.

Different AEDs are distinguished not only by their mechanisms
of action, but also by their safety pro ! les. In fact, AEDs as a class
have many adverse effects and drug interactions. They have narrow
therapeutic ranges, and many require therapeutic drug monitoring
(TDM).

In developing countries, the provision of care is extremely poor,
and only the following ! rst-line major AEDs are prescribed: phenobar-
bital, carbamazepine, sodium valproate, phenytoin, and less frequently
diazepam, ethosuximide, and clonazepam. These AEDs (with the excep-
tion of clonazepam) are on the list of essential drugs published and up-
dated every two years by the World Health Organization (WHO).
Additional problems relate to availability, accessibility and low quality
drugs. Few different dosages and formulations are available and accessi-
ble. One of the major causes of low availability is the cost of treatment,
which is very high for this class of drugs, particularly for later generation
AEDs.

In 1997, the WHO, the International League Against Epilepsy
(ILAE), and the International Bureau against Epilepsy (IBE) promoted
a worldwide campaign entitled ÒOut of the Shadow Ówith the main
objectives of sensitizing people to the disease and improving the
care of patients living with epilepsy (PWE). Several projects have
been developed to reduce the treatment gap (proportion of PWE
who need an AED but do not receive any) [8] . Depending on the so-
cioeconomic context, the treatment gap (TG) in LMICs varies between
25% and 100%. In Africa, nine out of ten people do not have access to
treatment, compared to only 10% in industrialized countries [8Ð12]. A
meta-analysis conducted by the WHO in 2010 reported a treatment
gap of over 75% for low-income countries, with even larger propor-
tions in rural areas [13] .

Questions arise regarding the actual situation and initiatives to im-
prove the management of epilepsy in LMICs. What methods have
been implemented to improve the management of PWE and to decrease
the TG? Have they been evaluated? Which strategies were the most ap-
propriate, under which conditions? The main objective of the present
study was to provide an overview of intervention programs aimed at
improving the drug management of PWE in LMICs. The secondary ob-
jectives were to describe these programs (study design, research objec-
tives, judgment criteria, etc.), classify them by level of evidence, and
analyze their main results.

2. Method

2.1. Databases and keywords

A literature review was carried out with no time restrictions, includ-
ing only items published in English, French, Spanish, or Portuguese.
The following electronic databases were reviewed independently:
ScienceDirect (publisher, Elsevier), Medline (via PubMed interface),
Pascal, Public Health Database (BDSP, based on CNRS), SciELO (Scientif-
ic Electronic Library Online), LILACS database (comprehensive index of
scienti ! c and technical literature of Latin America and the Caribbean),
LIPECS database (Literatura Peruana en Ciencias de la Salud, Peruvian
Literature in Health Sciences), and the internal database of the Institute
of Neurological Epidemiology and Tropical Neurology ( www.unilim.fr/
ient/base-bibliographique-de-l-ient/ ). Each keyword belonged to
MeSH (Medical Subject Headings). The method has been adapted to
other databases. Keywords combinations were ( ÒProgram Evaluation Ó
[Mesh] OR ÒHealth SurveysÓ[Mesh]) AND Òepilepsy/drug therapy Ó
[Mesh Terms]; ( ÒProgram Evaluation Ó[Mesh] OR ÒHealth SurveysÓ
[Mesh]) AND Òepilepsy/drug therapy Ó[Mesh Terms] AND ÒDeveloping

countries Ó[Mesh]; ÒDeveloping countries Ó[Mesh] AND Òepilepsy/drug
therapy Ó[Mesh Terms]; ( ÒProgram Evaluation Ó[Mesh] OR ÒHealth
SurveysÓ[Mesh]) AND ÒepilepsyÓ[Mesh] AND Òdeveloping countries Ó.

For each algorithm of keywords, the term Òdeveloping countries Ó
was replaced successively by each country (n = 139) in the categories
low income (LIC, n = 34), intermediate income, lower bracket (LMIC,
n = 50), and intermediate income, upper bracket (UMIC, n = 55) as
classi! ed by the World Bank in 2015.

2.2. Criteria for inclusion of intervention programs

The criteria for study inclusion covered all publications without re-
striction in type (original article, editorial, conference summary, oral
communications, and posters but excluding reviews of the literature
on the subject) reporting the ef ! cacy results of an interventional pro-
gram for PWE (across all forms of epilepsy). To be included the purpose
of the program's intervention had to improve the drug management of
people with epilepsy by using AEDs. Other aspect of the management of
epilepsy such as diagnosis, monitoring, etc., have not been considered in
this review. The program could focus on epilepsy alone or be wider, but
had to have a component dedicated to the management of PWE. To be
included in this review, quantitative data, even partial, regarding the ef-
fectiveness of the program were required.

2.3. Endpoint and variables of interest

After the identi ! cation of interventional programs, a descriptive
analysis and classi! cation by level of evidence was undertaken. It
shows ! ve types of studies, classi! ed from A to E, according to decreas-
ing strength ( Table 1).

For each program included, the following variables were collected in
the following ad hoc form: country, date of publication, journal of pub-
lication, antiepileptic drug(s) concerned, size of the study population,
study design, research objectives (primary and secondary), primary
and secondary endpoints, monitoring duration, number of subjects
lost on follow up (people whose fate is unknown and for whom the
endpoint is unavailable), main results, and statistical methods. The
type of study area (rural or urban) and the level of health facilities
that supported the program (primary, secondary, tertiary) were also
noted. The WHO de! nitions of rural and urban areas were used. A
rural area (village) is located outside a city or metropolitan district
and considered underdeveloped in terms of infrastructure and special-
ized services. An urban area (city, district) is a developed location
planned to be autonomous in terms of health services. Health facility
levels were those recommended by the WHO: the primary level (center
of primary health care, primary point of contact for patients with a
health professional), secondary (district referral hospital, the ! rst level
hospital of a district or a de ! ned geographical area containing a de ! ned
population), and tertiary (general and specialized hospitals).

Qualitative and quantitative variables were descriptively analyzed
using position indexes (mean, median, and frequency) and dispersion
(variance, standard deviation, range). Statistical analysis was conducted
using STATA v12 software (Stata Corp., College Station, TX).

3. Results

3.1. Studies selected by the literature review

The literature review identi ! ed a total of 1073 relevant articles. A
" ow chart ( Fig. 1) illustrates the selection process, which yielded 47
that were eligible for analysis.

For nine cases (20%) no quantitative results about the effectiveness
of the programs were provided, these publications were not selected
for the ! nal analysis. Six publications providing program results that
did not concern effectiveness were also not taken into account. Finally,
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32 interventional programs were identi ! ed in 18 different countries
(Fig. 2 and Table 2).

Sixteen programs (50%) were carried out in Africa, 14 (44%) in
Asia and two (6%) in Latin America. Fourteen (44%) of the studies
were conducted in low-income countries, seven (22%) in upper
middle-income countries, and 11 (34%) in lower middle-income coun-
tries. Regarding levels of evidence, which depend on the types and
characteristics of the studies, four (13%) provided a high level of

evidence (prospective, randomized, controlled, open-label), one (3%)
provided intermediate evidence without a control group (prospective,
randomized, uncontrolled, open-label), two (6%) intermediate
without randomization (prospective, nonrandomized, controlled,
open-label), and 24 (75%) provided low-level evidence (prospective,
nonrandomized, uncontrolled, open-label). In one study (3%),
the level of evidence was very low (it evaluated the intervention
retrospectively).

Table 1
Classi! cation of the level of evidence of a study.

Category Interventional Prospective Randomized Controlled Blind Level of evidence

A X X X X X Very high
B X X X X High
C1 X X X Intermediate
C2 X X X Intermediate
D X X Low
E X Very low

Records identified through
database searching

(n = 1073)
454 IENT
39 BDSP

551 Medline
28 Pascal

1 SciELO
0 LILACS ; LIPECS

Additional records identified
through other sources

(n = 2)

Records after duplicates removed
(n = 965)

Records excluded
(n = 897)

- Excluded read title: 707
- Excluded read abstract: 190

Records screened
(n = 68)

Full-text articles excluded, with
reasons
(n = 21)

1: surgical intervention
3: not concerning epilepsy
17: no intervention

32 articles included

Articles considered but not
included in the analysis of

quantitative data
(n=15)

9: articles without quantitative
results

6: articles presenting additional
results of intervention programs

Fig. 1. Flowchart of the literature review.
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The AED most often used was phenobarbital, reported in 27 pro-
grams (84%), followed by phenytoin and carbamazepine in 12 (38%)
each, then sodium valproate in six (19%). Four studies (13%) looked at

the following new-generation AEDs: levetiracetam [39] , primidone
[16,24] , or benzodiazepines, such as clonazepam [24] , nitrazepam, and
diazepam [40] . One study also looked at the treatment of status

Fig. 2. Global distribution of programs.

Table 2
Articles included in the literature review by chronological order.

Author (Year) Country Income
level

Study evidence
level

AEs Health care level (Primary (1),
Secondary (2), Tertiary (3))

Rural,
Urban

Watts (1989) [14] Malawi LIC D PB, PHY 1 Rural
Feksi et al. (1991) [15] Kenya LIC B PB, CBZ 1 Rural
Jilek-Aall and Rwiza (1992) [16] Tanzania LIC D PB, PHT, PRM 1 Rural
Placencia et al. (1993) [17] Ecuador UMIC C2 PB, CBZ 1 Rural
Voskuil (1994) [18] Liberia LIC D PB 1 Rural
Karande et al. (1995) [19] India LMIC D PHY, PB, CBZ 3 Urban
Coleman et al. (1998) [20] South Africa LMIC D PHY, CBZ 1 Rural
Ogunniyi et al. (1998) [21] Nigeria LMIC D PB, PHY, CBZ 3 Urban
Kaiser et al. (1998) [22] Uganda LIC D PB 1 Rural
Pal et al. (1998) [23] India LMIC B PB, PHY 1 Rural
Radhakrishnan et al. (1999) [24] India LMIC E CBZ, DPH, VPA, PB, CNZ, PRM 3 Urban
Adamolekun et al. (2000) [25] Zimbabwe LIC D PB, CBZ, PHY 1 Urban
Mani et al. (2001) [26] India LMIC D PB, PHY NR Rural
Farnarier et al. (2002) [27] Mali LIC D PB 1 Rural
Nimaga et al. (2002) [28] Mali LIC D PB 1 Rural
Berhanu (2004) [29] Ethiopia LIC D PB 1 Rural
Wang et al. (2006) [30] China UMIC D PB 1 Rural
Balogou et al. (2007) [31] Togo LIC D PB, CBZ 1 Rural
Li et al. (2007) [32] Brazil UMIC D NR 1 Rural
Ding et al. (2008) [33] China UMIC C1 PB 1 Rural
Kengne et al. (2008) [34] Cameroun LMIC D PB, PHY 1 Rural
Tran et al. (2008) [35] Laos LMIC D PB 1 Rural
Kof! et al. (2009) [36] Togo LIC D PB, CBZ, VPA 1 Rural
Nizamie et al. (2009) [37] India LMIC D PB, PHY, VPA, CBZ 1 Rural
Liu et al. (2010) [38] China UMIC D PB 1 Rural
Tripathi et al. (2010) [39] India LMIC C2 VPA, LTC 3 Urban
Banu et al. (2012) [40] Bangladesh LIC D PB, CBZ, VPA, PHY, NTZ, CNZ, rectal DZ 3 Urban
Bruno et al. (2012) [41] Mali LIC D PB 1 Rural
Wang et al. (2012) [42] China UMIC D VPA 1 Rural
Li et al. (2013) [43] China UMIC B PB 1 Rural
Bidelow et al. (2013) [44] India LMIC D NR 2 Urban
Ibinda et al. (2014) [45] Kenya LIC B PB, PHY, CBZ 2 Rural

PHY: Phenyoin; NTZ: Nitrazepam; CNZ: Clonazepam; DZ: Diazepam; LTC: Levtiracetam; DPH: diphenyl-hydantoin; PRM: Primidone.
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epilepticus with sodium valproate compared to intravenous levetirace-
tam [39] . However, because the drugs were not issued free of charge to
patients who could not afford the cost of maintenance treatment, they
were dropped out from the study.

Concerning the number of different AEDs used, 39% of the programs
(12) used only one AED (100% in rural areas), 32% (10) used two types
of AEDs (90% (9) in rural areas and 10% (1) in urban areas). A percent-
age of 26% (8) project used more than three AEDs (38% (3) in rural areas
and 63% (5) in urban areas). The vast majority of programs were imple-
mented in rural areas; 78% (25), versus 22% (7) in urban areas. Support
(logistics, personnel, material, etc.) for the studies was at primary care
level in 75% (24), secondary care level in 6% (2), and tertiary in 16% (5).

3.2. Results of the analysis of the variables of interest

The variables of interest in interventional programs included in this
literature review are summarized in Table 3.

3.2.1. Objectives of the studies
In 26 articles (81%), the main research objective was to evaluate the

ef! cacy of treatment, followed in ! ve (16%) by the evaluation of treat-
ment adherence. In one study (3%), assessment of the tolerance was
the main objective. Adherence to treatment and tolerance were evaluat-
ed principally as secondary goals in 17 (44%) and 13 (33%) respectively.
A study in Brazil [32] measured the impact of the intervention on the
quality of life of patients (secondary objective).

Finally, three studies (9.7%) [24,28,33] assessed treatment costs.

3.2.2. Populations studied
On average, the programs included 431 ± 593 patients, with a min-

imum of 46 [35] and a maximum of 2514 [38] . The populations studied
were children and adults, without special restrictions on age, in 24 pro-
grams (75%), adults alone in three (10%) and children alone also in three
(10%). It should be noted that two publications out of 31 (6%) did not
mention the age of the study population.

3.2.3. Methods used
Program effectiveness was evaluated by decrease in the number of

seizures. However, there was great variability in the time considered
necessary before recording a patient as seizure-free. The average time
was 17 ± 11 months and ranged from 3 months to 60 months. Median
patient monitoring was for 12 months with a range of 6 Ð360 months
(mean 18.1 ± 9.94 months). One study followed patients with epilepsy
in rural Tanzania over a period of 30 years [16] . This extreme value was
not taken into account in calculating the mean follow-up.

Adherence was measured by reporting patient responses (question-
naire, interview) in ! ve studies (23%), by counting the treatment units
consumed in six (27%), and from blood level of the active AED in four
(18%).

Safety was assessed in 14 studies (44%) by the occurrence of adverse
effects due to AED as self-reported by patients and/or questionnaire
! ndings. In one study in India, the effect on the behavior of children
(aged 2Ð18 years with epilepsy in rural areas) of a phenobarbital-
based treatment was assessed [23] . In this case, an adaptation of the
Conners scale[46] and the preschool behavior screening questionnaires
[47] were used as evaluation tools.

Impact on the quality of life of patients was evaluated in a study in
Brazil, as measured by individual interviews subjectively focusing on
the following different themes: general feeling of improvement, re-
duced absenteeism at school (for children) and work, social integration
at school or work, and sense of independence and autonomy [32] . Im-
provement in quality of life was quanti ! ed before and after the pro-
gram, with a 6-month period between the baseline and completion.

An economic evaluation was presented in three articles. Treatment
costs were expressed as absolute annual cost of processing and logistics
in two studies [28,33] and cost relative to the percentage of gross

domestic product (GDP) per capita in one [24] . When the program's im-
pact on the cost of care was evaluated, the measures before/after were
used with a 12-month [24] or 24-month [33] period between the two
measures. A questionnaire to assess the economic burden was devel-
oped taking into account the costs of health care and of travel and also
integrating the time taken to go to health centers (strati ! ed by type of
health facility) and the time spent on support (also strati ! ed by type
of health facility) [33] .

3.2.4. Reported results
In terms of ef ! ciency, the percentage of patient seizure-free for

12 months averaged 44.6% ± 14.4% and ranged from 25.0% to 78.4%.
This standard of ef ! ciency result could be achieved in 11 studies
(35.5%) with very low-level evidence (E), six low-level studies (D),
two mid-level studies (C1, C2), and two high level studies (B). The ef ! -
cacy at two years, available in eight studies, all low-level evidence (D),
was 50.9% ± 29.7%, ranging from 4.6% to 92.7%. The average samples
size for studies reporting the ef ! cacy results at 12 and 24 months was
536 ± 768 patients, ranging from 46 to 2514.

The occurrence of adverse events (AEs) associated with the use of
AED was observed on average in 27.0% ± 23.3% of cases (results from
13 studies). Mostly, these effects were not serious and had self-
limiting consequences. However, in 2.2% ± 3.6%, they led to withdrawal
of the patient from the study. These AEs were not systematically de-
scribed (even their management) in three studies (23%). Regarding
phenobarbital, of 13 studies reporting AEs, allergic skin reactions
(such as rash) and somnolence were the most common, at 46% (6 studies)
and 38% (5) respectively. Gingival hyperplasia was the most common AE
in studies using phenytoin, at 40% (2). These results are summarized in
Table 4.

Regarding compliance, results in 20 studies reported a median of
71.0% with a minimum of 21.6% and a maximum of 100%. Among
these studies, 16 (80%) provided low-level evidence (D), one (5%) inter-
mediate level (C2), and three (15%) high level (B). Of studies that re-
ported compliance of less than 70% (mean 44.3% ± 17.0%), 12.5% were
carried out in urban areas (low-level evidence) and 87.5% (7) in rural
areas (57% (4) with a low level of evidence, 14% (1) intermediate and
29% (2) of high level). For studies which reported compliance higher
than or equal to 70% (88.2% ± 9.0% average compliance), 83% (10)
were performed in rural areas (90% (9) of low level of evidence, and
10% (1) of high level) and 17% (2) in an urban area (100% with low
level of evidence).

Regarding quality-of-life results, in the study conducted in Brazil
[32] , 59% of patients reported a signi ! cant improvement in their quality
of life. School absenteeism due to epileptic seizures was reduced by 19%,
and work absenteeism decreased by 17%. However, the authors report-
ed dif ! culty determining whether the impact on absenteeism was a
consequence of changes in epileptic seizures and/or stigma. The prox-
imity of the service, identi ! cation of referral contacts, and regular stim-
ulation by information meetings proved to be decisive in the success of
interventions.

On average, 70.4% (±23) of initially included patients were still in-
cluded at the end of the study. In a total of 17 studies (54.8%), more
than 20% of subjects were not included in the statistical analysis by
study end, a ! gure that does not include the proportion of subjects
lost to follow up. In all the studies, the main causes of attrition were
death, migration outside the study area, and the occurrence of sig-
ni ! cant adverse effects. The average proportion lost to follow up was
9.5% ± 8.3%, ranging from 0% to 26%.

The cost of annual treatment per patient was US$ 7 for generic
phenobarbital-based therapy in rural areas in Mali, representing 2.1%
of the GDP per capita (US$ 334.2 when the study was performed)
[28] . In India, in urban areas the annual cost per patient expressed as
the percentage of GDP per capita (US$ 437.6 when the study was per-
formed) was 4.4% for phenobarbital, 7.1% for diphenylhydantoin,
16.8% for carbamazepine, and 29.5% for valproate [24] . In the same
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study, therapeutic optimization leading to a reduction in combination
therapy saved around US$ 17 annually per patient. Finally, in rural
China, implementation of the program resulted in an average decrease
in the annual cost of support of 86% including a signi ! cant decrease in
the logistical burden [33] .

4. Discussion

This literature review of intervention programs implemented in de-
veloping countries represents an inventory of initiatives to improve ac-
cess to treatment among PWE. Since 1989, when the ! rst study in the
literature was published, 31 interventional programs have been imple-
mented in 18 countries. A great majority were conducted on the African
continent and in Asia, while only 6% of published articles related to Latin
America. The geographical distribution of socioeconomic groups of
countries may partly explain this observation. Indeed, 85% of countries
in the LICs category are in Africa, compared to 12% in Asia and 3% in
Latin America. The same goes for the LMICs, of which 36% are in
Africa, 16% in Asia, and 12% in Latin America.

The level of evidence of a study characterizes its ability to answer the
question posed. Randomized, controlled, blinded clinical trials are the
gold standard when it comes to obtaining concrete data with a mini-
mum of potential bias. No program considered here reached level A
(prospective, randomized, controlled, blinded), and only 13% were
level B (prospective, randomized, controlled, open).

In 2017, we have reached the 20th edition of the WHO's essential
drugs list, and phenobarbital remains the AED predominantly used in

the studies considered here (87%). The effectiveness of programs was
generally satisfactory, as assessed by reduction in the number of sei-
zures, although many items have not been mastered and may therefore
affect the ! nal ef! ciency result.

Phenobarbital remains one of the most widely used antiepileptic
drugs worldwide. Data suggest that phenobarbital is as effective as
other ! rst-line AEDs, with an advantageous cost Ðbene! t ratio and ap-
parently no more severe side effects. Until now, this ! rst-line treatment
which is increasingly forsaken in developed countries, still has a major
role to play in developing countries.

One of the key elements was the high variation in adherence among
programs. Poor adherence has strong negative effect on results. Mani
et al. [26] categorized patients into two groups for the ! nal statistical
evaluation of ef ! cacy. One group was composed of the most adherent
patients, and the other comprised patients who were poorly adherent.
Among the ! rst group, 58% were seizure-free for 12 months, versus
31% of the nonadherent patients. The following many reasons are re-
ported to contribute to lack of adherence: long distances to distribution
points, perception of improvement after a few weeks of treatment lead-
ing to stopping, worsening of the condition (side effects), negative be-
liefs, lack of support and encouragement from friends and family,
forgetting to participate in the program, migration outside the study
zone, affordability, taking traditional medicines after consultation
with a healer, etc. In addition, the extent of occurrence of seizures dur-
ing the monitoring period was often revealed as an issue when
interviewing patients. Lengthy periods between visits (1 month to
6 months) can generate a recall bias, particularly with regard to seizures

Table 4
Synthesis of results for tolerance of AEDs in the programs identi ! ed.

Authors % of
Adverse
drug
reactions
(ADRs)

(N) %
withdraw
due to
ADR

(N) PB PHY CBZ VPA

Bruno et al. 17.4 (104) 0 (0) sleepiness , hyperactivity,
depression, loss of balance, rash

NA NA NA

Farnarier et al. 3.0 (3) 0 (0) Phenobarbital rheumatism, rash NA NA NA
Feksi et al. 41.8 (104) 4.3 (13) hyperactivity, rash , psychosis NA rash, worsening

of seizure,
psychosis,
aggressivity

NA

Mani et al. 23.7 (32) 3 (4) sleepiness , hyperkinesia, dullness gingival hyperplasia ,
ataxia

NA NA

Nimaga et al. 3.1 (3) 0 (0) phenobarbital rheumatism, rash NA NA NA
Nizamie et al. 8.9 (19) 0 (0) NR NR NR NR
Pal et al.a 28.7 (27) 1.1 (1) sleepiness , behavioral sleep disturbance,

behavioral disturbance,
anorexia/nausea,
dizziness

NA NA

Placencia et al. 74.1 (103) 2.6 (5) NR NA NR NA
Radhakrishnan

et al.
19.8 (192) 0 (0) NR NR NR NR

Tran et al. 22.2 (4) 0 (0) sleepiness NA NA NA
Voskuil 73 (32) 0 (0) sleepiness , drowsiness, weakness,

tiredness, ataxia, behavior
disturbance, loss of pace and
initiatives

NA NA NA

Wang et al.
2012

9 (47) 12.5 (2) NA NA NA drowsiness, fatigue, dizziness,
tremor, ataxia, headache,
nausea/vomiting, abdominal
discomfort, anorexia, memory
complaints, hair loss, palpitations,
thrombocytopenia, hepatic toxicity

Wang et al.
2006

NR NR 5 (32) drowsiness, dizziness, headache,
ataxia, anxiety, hyperactivity,
gastrointestinal complaints, rash

NA NA NA

Watts 26.8 (19) NR NR Exfoliative dermatitis,
granulocytopenia, rash , edema,
purulent gingivitis

Exfoliative dermatitis,
rash, gingival
hyperplasia

NA NA

NA: not applicable; NR: Not Reported; ADR: Adverse Drug Reactions.
a Study that had assessed the tolerance as a primary objective.

7J. Jost et al. / Epilepsy & Behavior xxx (2018) xxxÐxxx

Please cite this article as: Jost J, et al, Interventional programs to improve therapeutic management of people with epilepsy in low- and middle-
income countries, Epilepsy Behav (2018), https://doi.org/10.1016/j.yebeh.2018.01.011



^%*%:Y&^($,&_&!"#$%&2%&2(4,(*1,&_&6-.7%*$.,8&2%&9.:(0%$&_& Z&12+&Z&
9.4%-4%&SS&JMZTS ZT3&`RD&

&

with much less obvious symptoms than generalized tonic Ðclonic sei-
zures, generalized seizures of the absent type, myoclonic or atonic,
and partial.

Compliance and overall ef ! ciency were good in studies that reported
distribution of AEDs month by month at speci ! c points and in every vil-
lage, reducing the costs and time spent traveling [26] . Other positive fac-
tors were ! nancial support, reminders by telephone or mail, and home
visits to ensure that people who miss an appointment receive treatment
[40] . Illiteracy was also identi ! ed as potentially affecting adherence re-
sults. For these patients, Watts [14] proposed illustrations to help them
understand the dosages and follow instructions. In 29% of the studies,
adherence to treatment was assessed by counting therapeutic unit con-
sumed. Although, this is simple to implement, it is prone to many mea-
surement errors. Blood level testing is the most reliable method, but its
cost and the need for technical facilities are major obstacles.

In this review of the literature, publication bias was signi ! cant and
may disrupt the interpretation of results. All programs reported the im-
portance of ensuring that the de ! nition of epilepsy is clear and consen-
sual. Similarly, each epilepsy diagnosis has been con ! rmed by a trained
member of staff (neurologist, neuropsychiatrist, trained doctor). How-
ever, the choice of AEDs used was determined by cost and availability
rather than the type of epilepsy and/or the patient's pro ! le (age, comor-
bidities, etc.). Thus, phenobarbital was often used for generalized and
focal seizures, and the alternatives were not feasible in many cases.
The form of epilepsy was mostly the generalized form of tonic Ðclonic
disease, which is easily identi ! able but can lead to signi ! cant selection
bias in the interpretation of ef ! cacy results. Questions arise over full
and effective care of absence type epilepsy, including very low use of so-
dium valproate. The presence of a control group and randomization of
subjects were not priorities in the implementation of programs. On
the other hand, durations and frequency of monitoring were very het-
erogeneous, making comparisons dif ! cult. To this must be added het-
erogeneity in the primary endpoint for the ef ! cacy of AEDs. Indeed,
the period during which the subjects had no more seizures (as a mea-
sure of the effectiveness of treatment) ranged from a few months (min-
imum 3, 4, or 6) to 12, 18 or 22, 26, 60 months.

Finally, an almost constant observation of all the programs was the
absence of therapeutic drug monitoring and adaptation/optimization
of treatment dose. This could increase the risk of treatment failure and
occurrence of preventable adverse effects, accentuating mistrust and re-
jection of ÒWestern Ótherapy by many people in developing countries.
This practice is relatively expensive and often performed only at tertiary
levels of care [19] . In addition, the management of adverse events relat-
ed to AEDs was not identi ! ed as an important aspect of many programs,
which contributes to dif ! culty interpreting the effectiveness of treat-
ments. Heterogeneity has also been observed in the collection of ad-
verse events and their categorization. For example, drowsiness, a
common and often self-limiting side effect of phenobarbital was in
some cases recorded as an adverse event while in others it was not con-
sidered. Interactions with other drugs, alcohol and/or traditional treat-
ments (plants, potions, etc.) have not been described. St. John's wort
and even grapefruit juice (enzyme inhibitor of cytochrome P450) are
known to disrupt drug pharmacokinetics. Medicinal plants, some as
yet unknown, may cause substantial bias and confusion regarding the
effectiveness of AEDs.

Logistically, location limited the performance of programs. Dif ! cul-
ties with access were common, particularly in rural areas. Adequately
equipped health facilities and diagnostic tools (electroencephalography
[EEG]) were extremely limited and costly. Some authors also reported a
high turnover of personnel involved in projects resulting in a waste of
time and money including training and coaching. Overall, we ! nd that
the majority of provision of antiepileptic programs was not designed
in the most optimal way to assess its effectiveness. The main objective
of these projects was primarily improvement in the availability and/or
accessibility of treatments for epilepsy. Concerning the place of imple-
mentation of the program, the community approach recommended by

WHO was the most widely used and most effective due its proximity
to patients, especially when involving medical personnel already
established in the study area.

The recruitment phase and the methods used for this step were key
elements in the success of a program, especially in terms of its impact on
the population (percentage of participation and membership). Ap-
proaches used varied from advertising in a local newspaper to public
meetings and commercial radio.

Involvement and targeted training of nurses in diagnosis and thera-
peutic management were relatively effective [34] . Such personnel
outnumber physicians, and may reach people more widespread geo-
graphically, although in some countries logistical and economic aspects
are problematical [20] . Generally, the level of evidence of the effective-
ness of experimental programs to support PWE was low, but the vast
majority of these programs were not designed in an optimal way to as-
sess effectiveness in the populations studied.

The AEDs used in these studies have all been proven in well-
conducted clinical trials to be effective for epilepsy, and their safety pro-
! les are well-known, even if the bene ! t/risk in a particular population is
not automatically generalizable to all populations (e.g., risk of Stevens Ð
Johnson syndrome or toxic epidermal necrolysis with carbamazepine or
lamotrigine in Asian populations [48Ð50] ). The resulting question is
Òshould the effectiveness of a program to reduce the treatment gap be
quanti ! ed by only the proportion of subjects free of seizure? ÓThe num-
ber of subjects covered and following the entire program is an indicator
less subject to confounding factors such as drug/food interactions. How-
ever, a target population of a program is often constrained by ! nancial
issues. Adherence to a program (as a whole) and adherence to treat-
ment are two concepts to differentiate particularly as improvement op-
tions are not identical from one concept to another. Adherence to AEDs
can be improved by therapeutic patient education (that helps patients
acquire or maintain the skills they need to manage their life with epilep-
sy in the best possible way, WHO de ! nition). Home visits and the estab-
lishment of facilities directly in villages showed relevant ef ! ciency.
Finally, a crucial element not to be missed and ethically essential is to
ensure the sustainability of the supply of AEDs after the evaluation
phase. Homogenization and standardization of monitoring and evalua-
tion of programs with relevant output, outcome, and impact indicators
would lead to strengthen comparison and enable meta-analysis.
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