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Neurological disorders constitute a large and 
increasing share of the global burden of disease. Stroke, 
dementia, epilepsy and Parkinson’s disease are important 
factors determining mortality and morbidity in all socie-
ties. However, the resources and services for dealing with 
these disorders are disproportionately scarce, particularly in 
developing countries. While neurological service in West-
ern countries varies from 1 to 10 neurologists per 100 000 
inhabitants, neurology either does not exist or is only mar-
ginally present in major parts of the world. 

Over the years, programmes, projects and other activi-
ties of the World Health Organization (WHO) in the areas 
of mental health and neurological disorders have been 
closely linked. During the past decade WHO has launched 
a number of global public health projects, including the 
Global Initiative on Neurology and Public Health, in order 
to increase professional and public awareness of the global 
burden of neurological disorders and to emphasize the need 
for provision of neurological care in fi rst-level and referral 
health facilities. The outcomes of these endeavours have 
revealed a paucity of information regarding national and 
subnational policies, programmes and resources for the 
treatment and management of neurological disorders. 

WHO is responsible for providing technical information 
and advice to its Member States to help them to improve 
the health of their citizens. This task is facilitated by col-
laboration with various scientifi c and professional groups 
that have similar goals. The study of country resources for 

neurological disorders represents a unique collaborative 
effort between WHO and the World Federation of Neurol-
ogy (WFN), which is committed to improving human health 
worldwide by promoting prevention and care of persons 
with nervous system disorders. WHO and WFN have 
been working closely for many years on activities related 
to prevention and control of noncommunicable and com-
municable neurological diseases. This publication is another 
product of their close collaboration.

The results obtained from the study of country resources for 
neurological disorders confi rm that the available resources 
for neurological services in most countries of the world are 
insuffi cient compared with the global need for neurological 
care. The Neurology Atlas presents the facts and fi gures and 
highlights the large inequalities across regions and coun-
tries, with low-income countries having extremely meagre 
resources.

The availability of information will lead to greater awareness 
among policy-makers of the gaps in resources for neuro-
logical care. It will assist health planners and policy-makers 
to identify areas that need urgent attention and to plan the 
upgrading of resources in those areas. The data also serve 
as a baseline for monitoring the improvement in availability 
of resources for neurological care. We hope that personnel 
involved in caring for people with neurological disorders, 
including health professionals and nongovernmental organi-
zations, will use the Neurology Atlas data in their advocacy 
efforts for more and better resources for neurological care.

Dr Benedetto Saraceno    
Director      
Department of Mental Health and Substance Abuse
World Health Organization    

Dr Johan A. Aarli
First Vice-President
World Federation of Neurology
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The Atlas of Country Resources for Neurologi-
cal Disorders is a project of WHO headquarters, Geneva, 
supervised and coordinated by Dr Leonid Prilipko and Dr 
Shekhar Saxena. Dr Benedetto Saraceno provided vision 
and guidance to the project. The project was carried out in 
close collaboration with the World Federation of Neurology 
(WFN) coordinated by its First Vice-President Dr Johan A. 
Aarli. Dr Aleksandar Janca provided technical guidance 
and supervision and was involved in the development of 
the survey design and questionnaire, data collection and 
project management. Dr Tarun Dua was responsible for 
completion of the data collection, data analyses and overall 
project management beginning 2004. Dr Dua also took the 
primary responsibility of writing this report. Kathy Fontanilla 
helped in data management and provided administrative 
support. Technical and methodological support was kindly 
provided by Dr Pratap Sharan and Dr Pallab Maulik.

Key collaborators from WHO regional offi ces include: Dr 
Custodia Mandlhate and Dr Therèse Agossou, African 
Regional Offi ce; Dr Claudio Miranda and Dr Jose Miguel 
Caldas de Almeida, Regional Offi ce of the Americas; Dr 
Ahmed Mohit and Dr R. Srinivasa Murthy, Eastern Mediter-
ranean Regional Offi ce; Dr Wolfgang Rutz and Dr Mat-
thijs Muijen, European Regional Offi ce; Dr Vijay Chandra, 
South-East Asia Regional Offi ce; and Dr Helen Hermann 
and Dr Xiangdong Wang, Western Pacifi c Regional Offi ce, 
all of whom made signifi cant contributions during the 
development of the project, the identifi cation of focal 
experts in the area of neurology in Member States, and the 
review of the results.

The information from various countries, areas and territo-
ries was provided by key persons working in the fi eld of 
neurology identifi ed by WFN, WHO regional offi ces and 
the offi ces of WHO Representatives. The respondents also 

handled the many requests for clarifi cation arising from the 
data. The list of the respondents is included at the end of 
the Atlas.

A number of leading experts in the fi eld of neurology 
reviewed the project report and provided comments. They 
include Dr Leontino Battistin, Dr Donna C. Bergen, Mrs 
Hanneke de Boer, Dr Pedro Chana, Dr Amadou Gallo Diop, 
Dr M. Gourie-Devi, Dr Jin-Soo Kim, Dr Ashraf Kurdi, Dr 
Najoua Miladi, Dr Elisabeth Müller, Dr Michael Piradov, Dr 
Donald Silberberg and Dr Wenzhi Wang. Various special-
ists contributed short reviews of selected areas in relation 
to neurology, as follows. Epilepsy: Dr Jerome Engel Jr; Cer-
ebrovascular diseases: Dr B. Piechowski-Jozwiak and Dr J. 
Bogousslavsky; Headache: Dr Timothy J. Steiner; Parkinson’s 
disease: Dr Bhim S. Singhal; Dementia: Dr Martin Prince; 
Multiple sclerosis: Dr Jürg Kesselring; Training in neurology: 
Dr Donna C. Bergen.

A number of colleagues at WHO gave advice and guidance 
during the course of the project, in particular Dr José Bertol-
ote, Dr Michelle Funk and Dr Vladimir Poznyak.

The contribution of each of the team members and part-
ners, along with input from many other unnamed people, 
has been vital to the success of this project.

Assistance in preparing the Atlas for publication was 
received from Tushita Bosonet (graphic design), Steve Ewart 
(maps) and Barbara Campanini (editing).

THE PROJECT TEAM AND PARTNERS
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There is considerable information available 
that the global burden of neurological disorders is large 
and increasing. Very little is known, however, about the 
resources available within countries to meet this burden. 
Most information about resources for the care of people 
with neurological disorders pertains to a few developed 
countries; little is known at present about the situation in 
the vast majority of countries, and the information that is 
available is not comparable across different countries or 
over time.

To fi ll this knowledge gap, Project Atlas was launched by 
WHO in 2000 with the object of collecting, compiling and 
disseminating relevant information on health-care resources 
in countries. The fi rst publication of the project provided 
regional and world fi gures on mental health resources in an 
illustrated Atlas of Mental Health Resources in the World 
2001. WHO decided to expand the Atlas project into the 
area of neurology and neurological services, as the next log-
ical step in the work of WHO in assessing country resources 
– and consequently country needs – to control mental and 
neurological disorders. 

All information and data contained in the Atlas of Country 
Resources for Neurological Disorders (the Neurology Atlas) 
were collected from a large international study carried out in 
2001–2003, which included 109 countries spanning all six 
WHO regions and covering over 90% of the world popula-
tion. The World Federation of Neurology (WFN) collabo-
rated closely in the collection and analysis of the data and 
the development of the Neurology Atlas, with the active 
participation of leading experts in neurology all over the 
world and valuable assistance from WHO regional advisers 
and WHO country representatives.

The Neurology Atlas illustrates the current status of neuro-
logical services and provision of neurological care in various 
parts of the world. In general, results obtained objectively 
confi rm that the available resources for neurological dis-
orders in most countries of the world are insuffi cient com-
pared with the known signifi cant burden associated with 
these disorders. In addition, there are large inequalities 
across regions and income groups of countries, with low-
income countries having extremely scanty resources. 

We believe that the information presented in this volume 
will be useful for a large range of readers including policy-
makers, health planners and specialists on international as 
well as national level. The results of the Neurology Atlas 
clearly establish the need for substantial increase in the 
neurology services especially in low and low-middle income 
countries to decrease the inequity. This would only be 
possible with signifi cant increase in allocation of fi nancial 
resources for these services. The data also demonstrate the 
role of international collaboration and partnerships in mak-
ing a concerted effort to improve the neurological care.

At the country level, the data summarized in the Neurology 
Atlas may be used for building up national programmes 
and development of strategies to improve control of 
neurological disorders, as well as their implementation at 
country level. In addition, the Neurology Atlas provides the 
opportunity for comparative analysis of available resources 
for neurological disorders across geographical regions and 
countries.

The material presented is a fi rst snapshot of the actual glo-
bal situation, and we are aware of gaps in information and 
possible inaccuracies. We are planning to continue our work 
in this direction to provide more complete, accurate and 
comparable information in the coming years.

Dr Leonid Prilipko
Programme Leader
Neurological Diseases and Neuroscience
Department of Mental Health and Substance Abuse
World Health Organization

Dr Shekhar Saxena
Coordinator
Mental Health: Evidence and Research
Department of Mental Health and Substance Abuse
World Health Organization

PREFACE
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Very little information exists regarding the coun-
try resources available to cope with the known burden of 
neurological disorders, which is large by all accounts. To fi ll 
this knowledge gap, some important information was col-
lected by the headquarters of the World Health Organiza-
tion (WHO) working in close collaboration with its regional 
offi ces and the World Federation of Neurology (WFN). This 
work was undertaken under WHO’s Project Atlas, ongoing 
since 2000. The Atlas of Country Resources for Neurologi-
cal Disorders (the Neurology Atlas) describes the global and 
regional analyses of the country resources for neurological 
disorders from 106 Member States of WHO, one Associate 
Member (Puerto Rico), one Special Administrative Region 
(Hong Kong, China) and one territory (West Bank and Gaza 
Strip), covering 90.1% of the world population. The infor-
mation is primarily gathered from key experts in the area of 
neurology in each country identifi ed by WFN as their offi cial 
delegates and, in some cases, by WHO regional offi ces. It is 
one of the most comprehensive compilations of neurological 
resources ever attempted. Limitations are to be kept in mind, 
however, when interpreting the data and their analyses. The 
key persons were among the most knowledgeable persons in 
their countries, but the possibility remains of the data being 
incomplete and in certain areas even inaccurate. The draft 
report was reviewed by leading experts in the fi eld of neurol-
ogy and regional advisers of the six WHO regions, and their 
comments were incorporated. The available literature regard-
ing some of the themes was also reviewed, and the evidence 
is summarized. 

The analyses of the reported frequency of neurological dis-
orders showed that epilepsy, cerebrovascular diseases and 
headache are among the most common neurological condi-
tions encountered in both specialist and primary care settings 
globally, as well as in all WHO regions. The other neurological 
disorders reported frequently include Parkinson’s disease, neu-
roinfections, neuropathies and neurological problems attrib-
utable to vertebral disorders. Alzheimer’s disease and other 
dementias were also among the most frequent neurological 
conditions encountered by neurologists in high-income coun-
tries. The programmes dealing with prevention, health care, 
training of personnel and research in the countries need to be 
based on locally prevalent disorders. 

An important resource is the availability of hospital beds 
for neurological disorders. Designated neurological beds, 
though not essential, are an important indicator of the level 
of organization of neurological services in a country. The 
median number of neurological beds available in the respond-
ing countries is 0.36 per 10 000 population. Two thirds of the 
responding countries have access to less than one neurologi-
cal bed per 10 000 population. In terms of population cov-
ered, only 8.8% have access to more than one neurological 
bed per 10 000 population. Neurological beds are particularly 
defi cient in the African and South-East Asia Regions. The 
median number of neurological beds per 10 000 population 
in low-income countries (0.03) is much lower than in high-
income countries (0.73). Separate neurological hospitals with 
a large number of beds may not be desirable, but a neurologi-

cal inpatient facility as a part of general hospital is, however, 
needed to provide comprehensive neurological management.

Specialized services and personnel are essential to provide 
comprehensive neurological care. They are also important for 
providing training, support and supervision to primary health-
care providers in neurological care. The median number of 
neurologists is 0.91 per 100 000 population in the respond-
ing countries. This defi ciency is particularly evident in the 
African, South-East Asia, Eastern Mediterranean and Western 
Pacifi c Regions. In terms of the population covered, only one 
quarter has access to more than one neurologist per 100 000 
population. The median number of neurologists per 100 000 
population is also much lower for low-income countries (0.03) 
compared with high-income countries (2.96). Recommen-
dations regarding the required number of neurologists in a 
country are available from countries in the European Region 
and the Region of the Americas, varying between 1 and 5 
per 100 000 population. The number of available neurologists 
in the low-income countries is very much lower than any of 
these recommendations. 

The availability of other types of highly specialized personnel 
is also limited, with median numbers for neuropaediatricians 
and neurosurgeons being 0.10 and 0.56 per 100 000 popula-
tion, respectively. Again, this defi ciency is particularly evident 
in Africa, South-East Asia, the Eastern Mediterranean and the 
Western Pacifi c. In terms of population covered, more than 
one neuropaediatrician and neurosurgeon per 100 000 popu-
lation are available for only 2.2% and 15.1% of the popula-
tion, respectively. Such a situation is particularly evident in 
low-income countries, with only 0.002 neuropaediatricians 
and 0.03 neurosurgeons available per 100 000 population. 

Neurological nursing does not exist as a specialty in 41% of 
the responding countries. Three quarters of the responding 
countries have access to less than one neurological nurse 
per 100 000 population. The median number of neurological 
nurses in the responding countries per 100 000 population is 
0.11. While training for neurologists is being pursued, special-
ized neurological nursing training has been neglected even in 
developed countries.

The presence of subspecialized neurological services indicates 
the level of organization and development of neurology in a 
country. Subspecialized neurological services are important, 
because many neurological disorders require highly specialized 
skills for appropriate diagnosis and management. Such servic-
es also provide the basis for conducting research and training 
for various neurological disorders. The respondents reported 
availability of subspecialized neurological services (paediatric 
neurology, neurological rehabilitation, neuroradiology and 
stroke units) in at least two thirds of the responding countries 
for each of these areas. All the subspecialized services are 
especially defi cient in the African Region, while stroke units 
are also defi cient in the Eastern Mediterranean Region. Like 
all other neurological resources, the availability of subspecial-
ized services is much lower for the low-income countries. 
In interpreting these data, however, an important limitation 
should be kept in mind: respondents may have replied posi-

EXECUTIVE SUMMARY
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tively to the question of availability of subspecialized neuro-
logical services in the country even when only a very limited 
number of such facilities are available in a few large cities, as 
no information on the type, quality and estimate of number 
of the facilities was obtained from the respondents.

Basic neurological care, including availability of common 
drugs, is expected to be available in primary health-care 
settings. The results show, however, that in 15.6% of the 
responding countries, not even one antiepileptic drug is avail-
able through primary care; the same situation exists in 25% 
of the low-income countries. Other results show that at least 
one drug for Parkinson’s disease is available through primary 
care in 60.6% of the responding countries, but 83% of the 
low-income countries do not have even a single anti-Par-
kinsonian drug available through primary care. No follow-
up treatment or emergency care for neurological disorders 
is available at primary care level in 24% and 26% of the 
responding countries, respectively.  

Training facilities for neurology are considered an essential 
part of the health-care system for this specialty in order to 
continuously improve delivery of neurological care. Although 
facilities for postgraduate training in neurology exists in 76% 
of the responding countries, no such facility exists in half of 
the low-income countries and few are available in Africa and 
the Eastern Mediterranean. The median number of medical 
graduates obtaining a specialist degree in neurology every 
year is 0.04 per 100 000 population. The number is much 
lower in Africa, the Americas, the Eastern Mediterranean and 
South-East Asia. Although training facilities are available in a 
large number of countries, the number of postgraduates who 
obtain a specialist degree is clearly inadequate.

Adequate fi nancing of neurology services is essential to pro-
vide the needed care for this group of patients. However, only 
10.4% of the responding countries have a separate budget 
for neurological illnesses within their health budgets. The pro-
portion of the overall health budget allocated for neurological 
disorders is not specifi ed. Although a separate budget for 
neurological services is not essential, when present it assists 
in earmarking the resources and planning the services more 
effectively. Common methods of fi nancing neurological care 
include social insurance and tax-based funding (each in one 
third of the responding countries), followed by out-of-pocket 

payments in a quarter of responding countries. Out-of-pocket 
expenses are particularly important in Africa and South-
East Asia. Tax-based funding is the most important source 
of fi nancing neurological care in the Americas, the Eastern 
Mediterranean, South-East Asia and the Western Pacifi c. 
Social insurance is the most important source of fi nancing in 
the European Region (58.3% of the responding countries). 
Private insurance plays very little role in fi nancing neurologi-
cal care. Out-of-pocket expenditure is the most important 
method of fi nancing in low-income countries. This is likely to 
result in more inequity in the utilization of neurological servic-
es. Some form of disability benefi t is available in 70.5% of the 
responding countries. However, two thirds of the low-income 
countries have no disability benefi ts available. This defi ciency 
is particularly evident in Africa and South-East Asia. 

A reporting and information-gathering system for health con-
ditions assists in monitoring the situation over time, alerts the 
health system to emerging trends, and facilitates planning. A 
reporting system for neurological disorders does not exist in 
one quarter of the responding countries and a data collection 
system does not exist in half of the responding countries. The 
information collection systems are often not in place in the 
African, South-East Asia and Western Pacifi c Regions.

Professional, user and carer groups are among the most infl u-
ential advocates to improve the quality of health services in 
a country. Of the responding countries, 87% have a national 
neurological association; however, only half of the responding 
countries in the African Region have a national neurological 
association. These associations are mainly involved in organ-
izing professional meetings and conferences and advising 
government. Nongovernmental organizations for neurological 
disorders exist in 71.7% of the responding countries. There 
are no nongovernmental organizations for neurological dis-
orders in more than half of the responding countries in the 
Eastern Mediterranean. No such organizations exist in 35% of 
the low-income countries. 

On the whole, the Neurology Atlas data shows that the avail-
able resources for neurological disorders in the world are 
insuffi cient when set against the known signifi cant burden 
associated with these disorders. In addition, there are large 
inequities across regions and income groups of countries, with 
low-income countries having extremely meagre resources.

EXECUTIVE SUMMARY
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Fostering cooperation among scientifi c and pro-
fessional groups that contribute to the advancement of 
health is one of the key constitutional responsibilities of the 
World Health Organization (WHO) (1). In order to fulfi l its 
constitutional obligation, WHO has been collaborating with 
numerous governmental and nongovernmental organizations 
and launched a number of international projects that helped 
health professionals and policy-makers prioritize health needs 
and design evidence-based health programmes all over the 
world. 

One of the most remarkable collaborative endeavours was 
the Global Burden of Disease study, which was a result of the 
coordinated effort of WHO, the World Bank and Harvard 
School of Public Health. The Global Burden of Disease report 
drew the attention of the international health community to 
the fact that the burden of mental and neurological disorders 
had been seriously underestimated by traditional epidemio-
logical methods that took into account only mortality, not dis-
ability rates. This report specifi cally showed that while mental 
and neurological disorders are responsible for about 1% 
of deaths, they account for almost 11% of disease burden 
worldwide (2).

As the world became aware of the massive burden associated 
with mental and neurological disorders, it also recognized 
that the resources and services for these disorders were dis-
proportionately scarce, particularly in developing countries. 
Furthermore, there has been a large body of evidence show-
ing that, in the years to come, policy-makers and health-care 
providers in developed and developing countries alike may be 
unprepared to cope with the predicted rise of the prevalence 
of mental and neurological disorders and the disability associ-
ated with them. In order to respond to this worrisome fact, in 
2001 WHO coordinated a large international project aimed 
at collecting, compiling and disseminating information and 
data on the existing resources and services for people suf-
fering from mental disorders. This project was carried out by 
WHO headquarters and involved all six WHO regional offi ces 
as well as 191 WHO Member States. The main outcome of 
the project was the publication of the Atlas: Mental Health 
Resources in the World (http://www.who.int/mental_health/
evidence/atlas/) that mapped mental health services around 
the world and provided a snapshot of the situation on the 
ground regarding this important public health matter (3). 

Over the years, WHO programmes, projects and activities 
in the areas of mental and neurological disorders have been 
closely linked. Many such disorders are chronic and progres-
sive in nature and fulfi l criteria to be recognized as a global 
public health problem; moreover, they are frequent and 
disabling, and they represent a signifi cant burden on com-
munities and societies all over the world. The extension of life 
expectancy and the ageing of the general populations in both 
developed and developing countries are likely to increase 
the prevalence of many chronic and progressive physical and 
mental conditions, including neurological disorders. However, 
the increasing capacity of modern medicine to prevent death, 
and the development of new, more effective treatments have 
changed the frequency and severity of impairment attribut-

able to neurological disorders and raised the issue of restoring 
or creating life of acceptable quality for people who suffer 
from their consequences.

In order to increase professional and public awareness of the 
frequency, severity and costs of neurological disorders and 
to emphasize the need for provision of neurological care at 
all levels including primary health care, over the past decade 
WHO launched a number of global public health projects 
including the Global Initiative on Neurology and Public Health 
(4). The outcomes of this large international endeavour, which 
involved health professionals in numerous countries all over 
the world, clearly indicated that there was a paucity of infor-
mation on the prevalence of neurological disorders as well as 
a lack of policies, programmes and resources for their treat-
ment and management. 

In view of these fi ndings and in order to fi ll the information 
gap in the area of neurological disorders and services, in 2001 
WHO decided to expand the Atlas Project into the area of neu-
rology and to conduct a study of Country Resources for Neuro-
logical Disorders. The main objectives of this large international 
study were to obtain the following expert information: 

◆ the most common neurological conditions and their distri-
bution in primary care and specialist settings; 

◆ availability of neurological procedures, treatments and 
services; 

◆ number and types of health professionals involved in the 
delivery of neurological care; 

◆ characteristics of postgraduate teaching in neurology; 

◆ budget for and fi nancing of neurological care, including 
the types of health insurance and disability benefi ts; 

◆ availability, role and involvement of national neurological 
associations and other nongovernmental organizations in 
advocacy to raise public and professional awareness of neu-
rological disorders and their participation in the treatment, 
rehabilitation and prevention of neurological disorders.

The study of Country Resources for Neurological Disorders 
represents a unique collaborative effort, which involved WHO 
headquarters and regional offi ces and the World Federa-
tion of Neurology (WFN). Although launched under severe 
staff and budgetary constraints in both WHO and WFN, the 
project created much enthusiasm and mobilized more than 
100 WHO Member States and WFN member societies. The 
main outcome of the project is the present Atlas of Country 
Resources for Neurological Disorders (the Neurology Atlas), 
which provides an illustrative presentation of data and infor-
mation on the current status of neurological services and 
neurological care in different parts of the world. It is hoped 
that the Neurology Atlas will serve as a useful reference guide 
to both health professionals and policy-makers and assist 
them in planning, developing and providing better health care 
and services to people suffering from neurological disorders 
throughout the world.

INTRODUCTION
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All the information and data contained in the Neu-
rology Atlas have been collected in a large international study 
which was carried out in the period 2001–2003 and included 
more than 100 countries spanning all WHO regions and con-
tinents. 

Data collection

The Neurology Atlas is based on the information and data 
collected by WHO and WFN. At WHO, the work was led by 
headquarters in close collaboration with the regional offi ces. 
The fi rst step in the development of the Neurology Atlas was 
to identify specifi c areas where information related to neuro-
logical resources and services was lacking. In order to obtain 
this information, a questionnaire was drafted in English in 
consultation with a group of WHO and WFN consultants. A 
glossary of terms used in the questionnaire was also prepared 
in order to ensure that the questions were understood in the 
same way by different respondents. Subsequently, the draft 
questionnaire and glossary were reviewed by selected experts. 
The questionnaire was piloted in one developed and one 
developing country and some necessary changes were made. 
The questionnaire and the glossary were then translated 
into some of the other offi cial languages of WHO – Arabic, 
French, Russian and Spanish.

The questionnaire and glossary were sent to the offi cial del-
egates of all the 90 member societies of WFN. In addition, 
WHO regional offi ces were also asked to identify a key per-
son working in the fi eld of neurology in those countries where 
the WFN liaison person was not available or not responsive. 
The key persons were requested to complete the question-
naire based on all possible sources of information available to 
them. All respondents were asked to follow closely the glossa-
ry defi nitions, in order to maintain uniformity and comparabil-
ity of received information. The Neurology Atlas project team 
responded to questions and requests for clarifi cation. Repeat 
requests were sent to the key persons in cases where there 
was delay in procuring the completed questionnaire. In the 
case of incomplete or internally inconsistent information, the 
respondents were contacted to provide further information or 
clarifi cation; where appropriate, documents were requested to 
support completed questionnaires.

Received data were entered into an electronic database sys-
tem using suitable codes and analysed using Stata (special 
edition) version 8 software. Values for continuous variables 
were grouped into categories based on distribution. Fre-
quency distributions and measures of central tendency (mean, 
medians and standard deviations) were calculated as appro-
priate. Countries were grouped into the six WHO regions 
(Africa, the Americas, Eastern Mediterranean, Europe, South-
East Asia and Western Pacifi c) and four World Bank income 
categories according to 2002 gross national income (GNI) per 
capita according to the World Bank list of economies, July 
2003. The GNI groups were as follows: low-income (US$ 735 
or less), lower middle-income (US$ 736–2935), upper mid-
dle-income (US$ 2936–9075) and high-income (US$ 9076 or 

more) (5). The countries were also categorized according to 
the population fi gures published in The World Health Report 
2003 (population data 2002) as: Category I (0–1 million), 
Category II (1–10 million), Category III (10–100 million) 
and Category IV (>100 million) (6). The published literature 
regarding some of the themes was also reviewed and the evi-
dence summarized. The results of the analysis were presented 
in a draft report which was reviewed by leading experts in 
the fi eld of neurology and regional advisers of the six WHO 
regions, and their comments were incorporated. 

Representativeness of data collected

Completed questionnaires were received from various WHO 
Member States, areas and territories: 106 Member States, one 
Associate Member (Puerto Rico), one Special Administrative 
Region (Hong Kong, China) and one territory (West Bank 
and Gaza Strip), which are henceforth referred to as countries 
for the sake of convenience. The data were collected from 
16 countries in the African Region (34.8%), 14 countries 
in the Region of the Americas (40%), 18 countries in the 
Eastern Mediterranean Region (85.7%), 43 countries in the 
European Region (82.7%), 6 countries in the South-East Asia 
Region (54.5%) and 9 countries in the Western Pacifi c Region 
(33.3%). In terms of population covered, the data pertain to 
90.1% of the world population; 52.3% of the population in 
Africa, 89.3% in the Americas, 84.1% in the Eastern Medi-
terranean, 97.2% in Europe, 96.8% in South-East Asia and 
97.1% in the Western Pacifi c.

Limitations

◆ The most important limitation of the dataset is that only 
one key person in each country was the source of all 
information. Although the respondent was a WFN liaison 
offi cer and had access to numerous offi cial and unoffi cical 
sources of information and was able to consult other neu-
rologists within the country, the received data should still 
be considered as reasonably and not completly reliable 
and accurate. In some instances the data are the best esti-
mates by the respondents. In spite of this limitation, the 
Neurology Atlas is the most comprehensive compilation 
of neurological resources in the world ever attempted. 

◆ Because the sources of information in most countries 
were the key persons working in the fi eld of neurology, 
the dataset mainly covers countries where there are neu-
rologists or other experts with an interest in neurology. It 
is therefore likely that the Neurology Atlas gives an overly 
positive view of neurological resources in the world.

◆ While attempts have been made to obtain all the required 
information from all countries, in some countries it was 
not available. Hence, the denominator for various themes 
is different and this has been indicated with each theme. 
The most common reason for missing data was the nona-
vailability of the information in the country. 

METHODOLOGY
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METHODOLOGY

◆ The data regarding reported frequency of neurological 
disorders in various settings represents an estimate and 
has not been collected and calculated using stringent 
epidemiological research methods as for prevalence stud-
ies. The data were compared with the published evidence 
available from various countries and the results of this lit-
erature review have been incorporated as separate boxes.

◆ Certain questions, especially in relation to neurological 
resources, were framed in such a way that responses 
could be “yes” or “no”. Although this facilitated a rapid 
gathering of information, it failed to take account of dif-
ferences in coverage and quality. Respondents may have 
replied positively to the question of availability of neuro-
logical services in the country even if only a very limited 
number of such facilities were available in a few large 
cities. Also, the response does not provide information 
about distribution across rural or urban settings or across 
different regions within the country. 

◆ It is possible that defi nitions for various terms vary from 
country to country. As a result, countries may have had 
diffi culties in interpreting the defi nitions provided in 
the glossary. The defi nitions regarding various human 
resources, for example, may need to be amended and 
expanded in future.

◆ While all possible measures have been taken to compile, 
code and interpret the information given by countries 
using uniform defi nitions and criteria, it is possible that 
some errors may have occurred during data handling.

Data organization and presentation

The data included in the Neurology Atlas are organized in 
15 broad themes. The pages on the right-hand side give a 
graphic presentation of the data and facing pages on the left 
provide related text. The graphic displays include maps of the 
world with colour codings of country data. Regional maps 
show aggregate fi gures by WHO regions. Bar and pie charts 
are provided to illustrate frequencies, medians and means 
as appropriate. Since the distribution of most of the data 
is skewed, the median has been used to depict the central 
tendency of the various variables. Atlas pages also contain 
defi nitions of the terms used in the process of collecting the 
data. Selected fi ndings from analysis of data are described for 
each of the specifi c themes. No attempt has been made to 
provide a description of all the possible fi ndings arising out of 
data analyses presented. Limitations specifi c to each theme 
are to be kept in mind when interpreting the data and their 
analyses. It should be noted that some implications of the 
fi ndings for further development of resources for neurological 
disorders are highlighted.

In addition to the information collected as a part of the Atlas 
project, the Neurology Atlas also provides some data that 
were obtained from a review of selected literature under 
some of the themes. No attempt has been made, however, 
to provide a comprehensive literature review. This additional 
information is presented in separate boxes and is shown in 
a different colour. Brief review of selected topics related to 
neurology by leading experts is also provided in a separate 
section.
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The following pages present 
the results of the Neurology 
Atlas by themes

RESULTS BY THEMES
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1 NEUROLOGICAL DISORDERS IN PRIMARY CARE

Defi nitions
◆ Primary care in this context refers to the provision of 

basic preventive and curative health care at the fi rst point 
of entry into the health-care system. Usually, this means 
that care is provided by a non-specialist who can refer 
complex cases to a higher level. 

The respondents were asked to provide the fi ve neurological 
disorders that are most frequently encountered in primary 
care settings. Ignoring the order of the responses, the pro-
portion of countries that mentioned each of the following 
diseases was calculated globally and for each of the regions.

Salient fi ndings
◆ Globally, headache (including migraine) is the most com-

mon neurological disorder seen in primary care settings 
(reported by 73.5% of respondents), followed by epi-
lepsy and cerebrovascular disease (72.5% and 62.7% of 
respondents, respectively). Neuropathies (attributable to 
diabetes, alcohol, nutritional defi ciencies and entrapment) 
are next in order (45.1% of respondents). 

◆ Epilepsy, cerebrovascular disease and headache are also 
among the fi ve neurological disorders most frequently 
encountered in primary care settings in all the regions.

◆ Neurological problems caused by vertebral disorders are 
among the top fi ve neurological conditions encountered 
in primary care settings as reported by respondents in 
34.3% of countries. Neuroinfections (26.5% of respond-
ents), Alzheimer’s disease and other dementias (22.6% of 
respondents) and Parkinson’s disease (19.6% of respond-
ents) are the other neurological disorders most frequently 
encountered in primary care settings.

◆ The top ten neurological conditions seen in primary care 
settings also included symptoms that had not yet led to a 
diagnosis such as vertigo, syncope and dizziness (17.6% 
of respondents).

Limitations
◆ The frequency of neurological disorders in various set-

tings is a rough estimate; data were not collected and cal-
culated using stringent epidemiological research methods 
as for prevalence studies. The information is based on the 
experience and impression of a key person in a country and 
not necessarily on actual data from responding countries.

◆ Although this information is available from only 102 
countries, the data represent 90% of the global popula-
tion. Regionally, the data represent more than 80% of the 
population for all the regions except Africa, where they 
represent 52% of the population.

Implications
◆ The information regarding the diseases most frequently 

seen in primary care settings has implications for mak-
ing decisions about resource allocation for health care 
and prevention, research goals, and education of medical 
undergraduates and general practitioners.

◆ Treatment of common neurological disorders at primary 
care level would be a cost-effective way of improving the 
scope and utilization of neurological services.

◆ Integration of neurological care for common illnesses into 
primary health care is also essential for extending health 
services to underserved areas in both developed and 
developing countries.

Review of literature 
Headache, epilepsy and neurological problems caused by vertebral 
disorders featured most frequently (82%, 64% and 64% of stud-
ies, respectively) among the top fi ve neurological disorders in the 
studies describing the prevalence of neurological disorders encoun-
tered in primary care settings (7–16). Cerebrovascular disorders 
and dizziness or vertigo ranked next (36% each). Neuropathies, 
functional disorders and neuroinfections were also identifi ed 
among the top fi ve conditions each seen in primary care in 18% of 
the studies. Parkinson’s disease, cranial trauma and psychiatric 

disorders (9% each) also featured among the top fi ve neurological 
disorders seen in primary care settings in some studies. 

Cerebrovascular disorders (100% of studies) followed by epilepsy 
(83%), neuropathies and neuroinfections (67% each) were among 
the top fi ve admitting diagnoses in the studies concerning the 
neurological content of general hospital admissions (14, 17–21). 
The other common reasons for admission included cranial trauma 
(33%), dementia including Alzheimer’s disease (33%), tumours of 
the central nervous system (17%) and degenerative and demyeli-
nating disorders (17%). 

REPORTED FREQUENCY
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2 NEUROLOGICAL SERVICES IN PRIMARY CARE

Defi nitions
◆ Neurological services in primary care refer to the provi-

sion of basic preventive and curative health care for neu-
rological disorders at the fi rst point of entry into the  

 health-care system. The respondents were asked specifi -
cally about availability of follow-up treatment and emer-
gency care in primary care settings.

Salient Findings
◆ Follow-up treatment for neurological disorders is available 

in 76% of the responding countries. 

◆ Follow-up treatment facilities for neurological disorders 
at primary care level are not available in 33.3% of the 
responding countries in the Western Pacifi c, 31.2% in 
Africa, 26.8% in Europe, 23.5% in the Eastern Mediter-
ranean and 7.7% in the Americas.

◆ Emergency care for neurological disorders at primary care 
level is available in 74% of responding countries.

◆ No emergency care for neurological disorders at primary 
care level is available in 34.1% of the responding coun-
tries in Europe, 25% in Africa, 23.5% in the Eastern 
Mediterranean, 22.2% in the Western Pacifi c, 16.7% in 
South-East Asia, and 7.7% in the Americas.

Limitations
◆ The question specifi cally requested information about the 

presence of follow-up treatment and emergency care for 
neurological disorders in primary care settings. The avail-
ability of other basic preventive and curative services was 
not asked for. 

◆ In the event of availability of follow-up treatment facilities 
and emergency care for even one neurological disorder 
in primary care settings, it is likely that the question was 
answered positively. Therefore, the above numbers might 
be an overestimate regarding neurological services provided 

 in primary care settings. Information on the quality of 
services and their availability within each country was also 
not obtained.

◆ The percentage of countries in Europe with follow-up 
treatment facilities and emergency care at primary care 
level is low. It is possible that, in many of these countries, 
the fi rst level of contact as well as follow-up may occur in 
a specialist rather than a primary care setting. 

Implications 
◆ Integration of neurological care into primary care is essen-

tial in order to extend services to remote and resource-
poor areas. The availability of neurological services at 
primary care level would help in lessening the complica-
tions and disability, thus decreasing the burden attribut-
able to neurological disorders. 

◆ Many neurological disorders require long-term treatment 
with drugs and rehabilitation, together with extended 
and regular health-care contact. Provision of neurological 
services at primary care level can reduce the burden of 
these conditions and enhance patients’ quality of life.
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3 THERAPEUTIC DRUGS IN PRIMARY CARE

Defi nitions
◆ The respondents were asked about the distribution of 

essential drugs for neurological disorders by the govern-
ment through the primary care system. In countries  

 where the drugs for neurological disorders are reimbursed 
by the government or social health insurance, they are con-
sidered to be available in the primary health-care system.

Salient Findings
◆ In 22.5% of the responding countries, all standard drugs 

for neurological disorders are available through the pri-
mary health care system.

◆ Regarding the various groups of drugs, at least one anti-
epileptic drug (mainly phenobarbitone) is available 
through the primary health care system in 84.4% of 
responding countries. In 24.1% of low-income countries, 
no antiepileptic drugs are available through the primary 
health-care system.

◆ Regionally, not even one antiepileptic drug is available 
through the primary health-care system in 6.2% of 
responding countries in Africa, 21.4% in the Americas, 
10.5% in the Eastern Mediterranean, 18.6% in Europe, 
16.7% in South-East Asia, and 22.2% in the Western 
Pacifi c. 

◆ Anti-Parkinsonian drugs are unavailable at primary care 
level in 39.4% of responding countries. 

◆ There is large variation in the availability of anti-Parkinso-
nian drugs across different income groups: 17.2% of the 
low-income countries reported the availability of at least 
one anti-Parkinsonian drug, while 84.4% of the high-
income countries reported that at least one anti-Parkin-
sonian drug is available through the primary health-care 
system.

◆ The availability of anti-Parkinsonian drugs through the 
primary health-care system also varies widely across 
regions: 12.5% in Africa, 57.1% in the Americas, 73.7% 
in the Eastern Mediterranean, 79.1% in Europe, 33.3% in 
South-East Asia, and 44.4% in the Western Pacifi c.

◆ Regarding certain other drugs, immunomodulators such 
as interferons or immunoglobulins for neurological disor-
ders are available through the primary health-care system 
in 32.1% of the responding countries. 

Limitations
◆ Responses on specifi c medications were not obtained on 

a structured format, so there may be some unreliability in 
the estimates. For example, some drugs (e.g. aspirin) may 
have been left out. 

◆ Some of the respondents from the European Region 
reported that no drugs are dispensed by the government 
through the primary health-care system. This could be a 
possible reason for the nonavailability of even one anti-
epileptic drug through the primary health-care system.

◆ It is also possible that the availability of the drugs is not 
uniform across primary care centres in a country as infor-
mation regarding quality of services and availability  
within each country was not obtained.

◆ Some of the countries responded that government policy 
provides for these drugs but fi nancial constraints limit 
their availability in the primary care setting.

◆ Availability in a country of even one drug in each catego-
ry, e.g. phenobarbitone in the antiepileptic drugs, drew an 
affi rmative response. Thus the results fail to differentiate 
between countries where a wide range of medication is 
available (e.g. newer antiepileptics) and those where only 
one or two conventional antiepileptic drugs are available. 

Implications 
◆ The nonavailability of drugs in the primary care setting 

is one of the many reasons for the treatment gap in epi-
lepsy. Because the treatment gap involves much more 
than the nonavailability of antiepileptic drugs at primary 
care level, however, other causes – especially related to 
access and utilization of health services and the problem 
of stigma – need to be dealt with to decrease the gap.

◆ The inequity in availability of drugs for neurological disor-
ders across regions and income categories and also within 
a country needs to be tackled in order to improve the 
level of primary care for neurological disorders.
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4 NEUROLOGICAL DISORDERS IN SPECIALIST CARE

Defi nitions
◆ Information on the neurological disorders encountered 

by specialists has implications for health care and teach-
ing. To serve as effective patient advocates, providers of 
neurological care need to understand the local profi le and 
effects of neurological disorders to plan resource alloca-
tion for health care and prevention, neurological care, 
research goals and medical education.

◆ The respondents provided the fi ve most frequently 
encountered neurological disorders in specialist settings. 
Ignoring the order of the responses, the proportion of 
countries that mentioned each of the following diseases 
was calculated globally and for each of the regions.

Salient Findings
◆ Globally, epilepsy (92.5%) and cerebrovascular dis-

eases (84%) followed by headache (including migraine) 
(61.3%) top the list of the diseases most frequently seen 
by a neurologist. 

◆ Parkinson’s disease (46.2%) and neuropathies (35.8%) 
were the other major diseases encountered in specialist 
settings. 

◆ Epilepsy, cerebrovascular disease and headache (including 
migraine) are also the three top conditions encountered 
by neurologists in all the regions.

◆ More than one quarter of respondents reported that a 
neurologist’s opinion is sought for Alzheimer’s disease and 
other dementias and in multiple sclerosis.

Limitations
◆ The frequency of neurological disorders in various settings 

is a rough estimate; data were not collected and calcu-
lated using stringent epidemiological research methods as 
for prevalence studies. The information is based on the 
impression of a key person in a country and not on actual 
data from countries.

◆ Although this information is available from only 106 
countries, the data represent 90% of the world popula-
tion. Regionally, the data represent more than 80% of the 
population for all the regions except Africa, where they 
represent 52% of the population.

Implications 
◆ Major inputs in health care and prevention and priorities 

for research should be focused on locally prevalent neuro-
logical disorders. 

◆ The training curriculum of neurologists should concentrate 
on the prevention and management of these disorders. 

Review of literature 
Epilepsy, headache and cerebrovascular disorders featured most 
frequently (88%, 88% and 76%, respectively) among the top fi ve 
neurological disorders in the studies describing the prevalence of 
neurological disorders in specialist settings (22–38). Neuropathies 
and neurological problems caused by vertebral disorders ranked 
next (36% each). Parkinson’s disease and multiple sclerosis were 
also identifi ed among the top fi ve conditions seen by neurologists 
in 29% of the studies. Cranial trauma (24%), functional and psy-
chiatric disorders (18% each), dizziness and vertigo, and alcohol-
ism (12% each) and herpes zoster and Down syndrome (6% each) 

also featured among the top fi ve neurological disorders seen by 
specialists in some studies.

Cerebrovascular disorders and stroke appeared among the fi ve most 
frequent inpatient diagnoses in a study describing the neurological 
inpatient services in 14 post-communist central and eastern Euro-
pean countries (39). Epilepsy was the second most common diag-
nosis to feature in the top fi ve conditions in 85.7% of the countries, 
followed by neuropathies (71.4%), neurological problems caused by 
vertebral disorders (57.1%) and multiple sclerosis (42.9%). 

REPORTED FREQUENCY
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5 NEUROLOGICAL BEDS

Defi nitions
◆ A neurological bed is defi ned as a hospital bed main-

tained only for use by patients with neurological disorders 
on a continuous basis. These beds may be located in 

 public or private neurological hospitals, general hospitals, 
or special hospitals for elderly people or children.

Salient Findings
◆ A total of 251 455 neurological beds are reported to be 

available in 95 countries.

◆ The median number of neurological beds in the respond-
ing countries is 0.36 per 10 000 population (interquartile 
range 0.03–1.35).

◆ Almost 70% of the responding countries have access to 
less than one neurological bed per 10 000 population. In 
terms of population coverage, only 8.8% of people have 
access to more than one neurological bed per 10 000 
population.

◆ The median number of neurological beds per 10 000 var-
ies widely across regions: 0.03 in Africa and South-East 
Asia, 0.15 in the Eastern Mediterranean, 0.17 in

 the Americas, 0.26 in the Western Pacifi c, and 1.71 in 
Europe. 

◆ The median number of neurological beds per 10 000 
population across different income groups of countries 
also varies: 0.03 and 0.24 for low-income and lower mid-
dle-income countries, respectively, while the numbers 
are 1.83 for higher middle-income countries and 0.73 for 
high-income countries. 

◆ The median number of neurological beds per 10 000 
population is higher for countries with smaller populations 
(0.63 each for countries in population categories I and 
II) compared with larger populations (0.10 and 0.20 for 
countries in population categories III and IV, respectively).

Limitations
◆ In many countries, beds are not earmarked for patients 

with neurological disorders but are part of the pool for 
internal medicine, neuropsychiatry, geriatrics, paediatrics 
or general beds; and these may not have been reported. 

◆ Moreover, in many countries patients with various cat-
egories of neurological disease, e.g. cerebrovascular dis-
ease, meningitis, or status epilepticus, are managed on  
beds allocated to internal medicine, emergency services 
or intensive care units, and these may not have been 
reported.

◆ No information is available on beds available in rehabilita-
tion, chronic care or centres for the elderly.

◆ The lower number of neurological beds in high-income 
countries compared with higher middle-income countries 
cannot be fully explained. Among the possible reasons 
are that many high-income countries may not have beds 
earmarked for the care of patients with neurological dis-
eases, specialized units (stroke units, spinal centres, epi-
lepsy units) are not defi ned among the neurological beds 
or there could be other reporting errors. Many of the 
higher middle-income countries are in central and eastern 
Europe, where neurological services are well developed 
and where a broader spectrum of diseases is labelled 
neurological, e.g. vertebrogenic diseases, and managed in 
neurological facilities.

Implications 
◆ Though not essential for the provision of neurological 

care, designated beds may be considered to be an indica-
tor of the level of organization of neurological services in 
a country. 

◆ The inequity in neurological services observed across 
income categories, population categories and geographical

 areas needs to be specifi cally dealt with. Separate neuro-
logical hospitals with a large number of beds may not be 
desirable, but a neurological facility as a part of a general 
hospital is necessary for comprehensive management of 
neurological disorders.

Review of literature
Very few reports are available (16 countries from the European 
Region) describing the availability of neurological beds (21, 39, 40). 
A median number of 3.5 (interquartile range 0.8–7.1) neurological 
beds per 10 000 population are available in the countries studied. 
This fi gure is congruent with the Atlas data wherein a median 

number of 3.02 (interquartile range 0.4–6.8) neurological beds 
per 10 000 population are present in these countries. In European 
countries, recommendations are available regarding the required 
number of neurological beds: these recommendations vary from 
1.5 to 7.3 neurological beds per 10 000 population (21, 41). 
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6 SUB-SPECIALIZED NEUROLOGICAL SERVICES

Defi nitions
◆ Paediatric neurology services include any hospital, clinic 

or centre that deals with neurological diseases in children.

◆ Neurological rehabilitation services are team based 
comprehensive multidisciplinary programmes designed 
to improve function, reduce symptoms and improve the 
well-being of patients with neurological problems and 
their families in their social milieu. These services can be 
organized as inpatient, outpatient or day-care services.

◆ Neuroradiology services are concerned with the diagnos-
tic radiology of diseases of the nervous system through 
the use of X-ray, CT scan, magnetic resonance imaging, 
and angiography and other diagnostic facilities.

◆ Stroke units provide organized care to stroke patients by 
multidisciplinary teams. They are characterized by coordi-
nated multidisciplinary rehabilitation, staff with a special 
interest in stroke or rehabilitation, routine involvement 
of carers in the rehabilitation process, and regular pro-
grammes of education and training.

Salient Findings
◆ Some paediatric neurology service is present in 80.6% of 

countries that responded. No paediatric neurology serv-
ices are available in 50% of low-income countries. No 
paediatric neurology services are available in 62.5% of 
countries in Africa, 33.3% in South-East Asia, and 31.6% 
in the Eastern Mediterranean.

◆ Some neurological rehabilitation service is present in 
73.2% of responding countries. In 60.7% of low-income 
countries, no neurological rehabilitation service is avail-
able. No neurological rehabilitation service is present in 
81.2% of countries in Africa.

◆ Some neuroradiology service is present in 77.8% of 
countries that responded. No neuroradiology services are 
available in 57.1% of low-income countries. In 81.2% of 
countries in Africa, no neuroradiology services are present.

◆ Some kind of stroke unit is present in 62% of respond-
ing countries. In 57.1% of low-income countries, stroke 
units are not available and they are also absent in 25% of 
high-income countries.

◆ In 73.7% of countries in the Eastern Mediterranean 
and in 68.7% of countries in Africa, no stroke units are 
present and they are also absent in 35.7% of countries 
in the Americas, 16.7% in Europe, 16.7% in South-East 
Asia, and 22.2% in the Western Pacifi c.

Limitations
◆ Respondents may have replied positively to the question 

of availability of subspecialized neurological services in 
the country even if only a very limited number of such  
facilities are available in a few large cities, as no informa-
tion was obtained on the type, quality and estimated 
numbers of such facilities.

◆ Some respondents may have responded in the affi rmative 
even if the subspecialized services are a part of the gen-
eral services, e.g. neuroradiology as a part of the general 
radiological facilities.

Implications 
◆ Subspecialized neurological services are important 

because many neurological disorders require highly spe-
cialized skills for appropriate diagnosis and management. 
They also provide the basis for carrying out research and 
training for various neurological disorders.

◆ The profi le of neurological disorders is different in children 
compared with the general adult population. Special serv-
ices are, therefore, needed for them as a group.

◆ A neurological component should be an important part 
of rehabilitation training of community health workers, 
because community-based, family-centred and culturally 
responsive care is the best model to help people with neu-
rological disabilities achieve the highest possible level of 
function and independence.

◆ For correct diagnosis and subsequent management of 
neurological disorders, neuroradiology services are essen-
tial. For example, in the case of head trauma, neuroradi-
ology can help to delineate the extent of brain injury or 
presence of haematoma requiring urgent surgical inter-
vention. 

◆ Substantial evidence shows that organized inpatient care 
in a stroke unit decreases mortality and residual disabil-
ity, increases the number of independent survivors and 
reduces institutionalization, without increasing the cost of 
care. As these units can be established within the existing 
medical facilities with minor reorganization of services and 
training of existing staff without major extra cost to the 
health-care system, an effort in this direction is required. 
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7 NEUROLOGISTS

Defi nitions
◆ In this context, a neurologist is a medical graduate who 

has successfully completed at least two years of postgrad-
 uate training in neurology from a recognized teaching 

institution.

Salient Findings
◆ In total, 85 318 neurologists are reported to be available 

in 106 countries. The median number of neurologists in 
the responding countries is 0.91 per 100 000 population 
(interquartile range 0.18–4.48).

◆ The median number of neurologists per 100 000 popula-
tion also varies widely across regions: 0.03 in Africa, 0.07 
in South-East Asia, 0.32 in the Eastern Mediterranean, 
0.77 in the Western Pacifi c, 0.89 in the Americas, and 4.84 
in Europe. 

◆ All responding countries in Africa and South-East Asia, 
89% in the Eastern Mediterranean, 67% in the Western 
Pacifi c, 50% in the Americas and 7% in Europe have less 
than one neurologist per 100 000 population.

◆ In terms of the population covered, 25% have access to 
more than one neurologist per 100 000 population. 

◆ The median number of neurologist per 100 000 popula-
tion across different income groups of countries also var-
ies: 0.03 for low-income countries compared with 2.96 
for high-income countries. Even among high-income 
countries, 24% have access to less than one neurologist 
per 100 000 population.

◆ The median number of neurologists per 100 000 popula-
tion is 2.30 for countries in population category I com-
pared to 0.62 in population category IV.

Limitations
◆ Because the sources of information in most countries 

were key persons working in neurology, the data pertain 
mainly to countries where there are neurologists or per-
sons with an interest in neurology. It is therefore possible 
that the above fi gures might be overestimated.

◆ In some countries, neurological diseases such as epilepsy 
and dementia are also managed by psychiatrists. 

 The information from these countries might therefore be 
an underestimate.

◆ Information about the distribution of neurologists within 
countries is not available but, as reported by some 
respondents, the majority are likely to be concentrated in 
urban areas, thus leading to more inequity than is appar-
ent from the above fi gures. 

Implications 
◆ Neurologists are essential in order to provide comprehen-

sive neurological care. They are also important for pro-
viding training, support and supervision to nurses, other 
paramedical staff and primary health-care providers in 
neurological care. 

◆ The inequity in the number of neurologists observed 
across countries in different income groups, population 
categories and geographical areas needs to be specifi cally 
dealt with. 

◆ The appropriate number of neurologists in the popula-
tion depends upon the structure of a country’s health-care 
system, the way in which primary care is delivered, the 
role played by specialists, and the geographical distribu-
tion of the population. In high-income countries with 
large concentrations of urban population, the specialists 
primarily act as clinical caregivers; in low-income countries 
with large, widely distributed rural populations the most 
appropriate role for smaller numbers of specialists may be 
in training and education of primary health-care personnel, 
and in advising on health care planning.

Review of literature
Reports are available from 67 countries regarding the number of 
neurologists (32, 36, 42–49). According to the above reports, a 
median number of 2.5 (interquartile range 0.6–4.7) neurologists 
per 100 000 population are available in these countries. The fi gure 
is congruent with the Atlas data wherein median number of 2.4 
(interquartile range 0.5–5.3) neurologists per 100 000 population 

are present in these countries. Recommendations regarding the 
required number of neurologists in a country are available from 
countries in Europe and the Americas, varying between 1 and 5 
per 100 000 population. The number of available neurologists in 
many of the low-income countries is very much lower than any of 
these recommendations.
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8 NEUROLOGICAL NURSES

Defi nitions
◆ In this context, a neurological nurse is a registered nurse 

who graduated from a recognized nursing school and 
 successfully completed required additional training in 

neurological nursing.

Salient Findings
◆ A total of 54 693 neurological nurses are reported to be 

available in 82 countries. The median number of neu-
rological nurses in the responding countries is 0.11 per 
100 000 population (interquartile range 0–1.66).

◆ The median number of neurological nurses per 100 000 
population varies widely across regions. It is 0 in Africa, 
0.005 in South-East Asia, 0.13 in the Eastern Mediter-
ranean, 0.14 in the Americas, 0.32 in the Western Pacifi c, 
and 2.43 in Europe.

◆ Of the responding countries, 71% have access to less 
than one neurological nurse per 100 000 population; 
39% have no neurological nurses. In terms of population 
covered, more than one neurological nurse per 100 000 
population is available for 36.4% of the population. 

◆ Regionally, all responding countries in Africa and South-
East Asia, 90% in the Americas, 87.5% in the Western  

 Pacifi c, 71.4% in the Eastern Mediterranean, and 41.9% 
in Europe have less than one neurological nurse per 
100 000 population.

◆ The median number of neurological nurses per 100 000 
population across different income groups of countries 
also varies It is 0 for low-income countries, 5.04 for high-
er middle-income countries, and 0.38 for high-income 
countries. 

◆ Even among high-income countries, two thirds have 
access to less than one neurological nurse per 100 000 
population.

◆ There are more neurologists than neurological nurses in 
many of the countries (the ratio of neurological nurses 
to neurologists is less than one in 73% of the responding 
countries).

Limitations
◆ In many countries where no formal training programme 

exists for neurological nursing, many nurses are informally 
trained in aspects of neurological care. This is not refl ect-
ed in the data. 

◆ Some countries were unable to provide data regarding 

 neurological nurses as they do not have a separate regis-
ter for nursing subspecialities.

◆ Information about the distribution of neurological nurses 
in countries is not available, but the majority are likely to 
be concentrated in urban areas.

Implications 
◆ Neurological nurses are important members of the team 

that provides comprehensive neurological care, training 
and supervision. 

◆ While training for neurologists is being pursued, special-
ized neurological nursing training has been neglected 
even in developed countries.

◆ In countries where no formal training facilities exist for 
neurological nursing, general nurses can be trained to 
provide specifi c neurological care. 
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9 NEUROSURGEONS

Defi nitions
◆ In this context, a neurosurgeon is a medical graduate 

who has completed at least two years of recognized post-
graduate training in neurosurgery.

Salient Findings
◆ A total of 33 193 neurosurgeons are reported to be avail-

able in 103 countries. The median number of neurosur-
geons in the responding countries is 0.56 per 100 000 
population (interquartile range 0.07–1.02).

◆ The distribution of neurosurgeons across regions is vari-
able. The median number of neurosurgeons per 100 000 
population is 0.01 in Africa, 0.03 in South-East Asia, 0.37 
in the Eastern Mediterranean, 0.39 in the Western Pacifi c, 
0.76 in the Americas, and 1.02 in Europe.

◆ Of the responding countries, 26% have access to more 
than one neurosurgeon per 100 000 population. In terms of  

 population covered, more than one neurosurgeon per 
100 000 population is available for 20.3% of the popula-
tion.

◆ The median number of neurosurgeons per 100 000 
population across different income groups of countries 
varies. It is 0.03 for low-income countries and 0.97 for 
high-income countries. Half of the high-income group of 
responding countries have access to less than one neuro-
surgeon per 100 000 population.

◆ The median number of neurosurgeons per 100 000 popu-
lation is 0.94 for countries in population category I, com-
pared with 0.49 for countries in population category IV.

Limitations
◆ Because the source of information in most countries was 

the professional association, it is possible that neurosur-
geons who are not members of these associations were 
not counted.

◆ Information about the geographical distribution of neurosur-
geons in countries is not available but, as reported by some 
respondents, the majority are concentrated in urban areas. 

Implications 
◆ Neurosurgeons complement the services provided by 

neurologists, most importantly to provide surgical services 
for neurological conditions. They provide expert care at 
secondary and tertiary level for neurosurgical emergencies 
such as head trauma and haemorrhage and also surgi-
cal care for conditions such as space-occupying lesions. 
In some places, neurosurgeons also provide medical care 
for people with neurological disorders. They also provide 
training, support and supervision to primary health-care 
providers in care of neurological conditions, especially 
emergencies.

◆ Training of general surgeons in neurosurgical emergencies 
is important in settings where it is not possible to have 
enough neurosurgeons at primary and secondary levels. 

◆ The inequity in the number of neurosurgeons observed in 
countries in different income groups, population catego-
ries and geographical areas needs to be specifi cally stud-
ied and tackled. 
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10 NEUROPAEDIATRICIANS

Defi nitions
◆ A neuropaediatrician is a specialist (neurologist or paedia-

trician) who has at least one year of recognized subspe-
cialist training in child neurology.

Salient Findings
◆ A total of 5733 neuropaediatricians are reported to be 

available in 98 countries. The median number of neuro-
paediatricians in the responding countries per 100 000 
population is 0.10 (interquartile range 0.01–0.42). Since 
neuropaediatricians are specialists catering only for chil-
dren, the median number of neuropaediatricians in the 
responding countries per 100 000 under-18 population is 
0.33 (interquartile range 0.02–1.55).

◆ The median number of neuropaediatricians per 100 000 
population varies widely across regions. It is 0 in Africa, 
0.003 in South-East Asia, 0.06 in the Eastern Mediter-
ranean, 0.08 in the Western Pacifi c, 0.12 in the Americas, 
and 0.47 in Europe. The median number of neuropaedia-
tricians in the responding countries per 100 000 under-18 
population is 0 in Africa, 0.007 in South-East Asia, 0.06 in 
the Eastern Mediterranean, 0.25 in the Americas, 0.26 in 
the Western Pacifi c, and 2.07 in Europe.

◆ Of the responding countries, 87.8% have less than one 
neuropaediatrician per 100 000 population. In fact, 

 23.5% of the responding countries do not have any 
neuropediatricians. In terms of population covered, more 
than one neuropaediatrician per 100 000 population is 
available for only 2.4% of the population.

◆ The median number of neuropaediatricians per 100 000 
population across different income groups of countries 
also varies. It is 0.002 for low-income countries, com-
pared to 0.25 for high-income countries. 

◆ Even among high-income countries, only 7.7% of them 
have access to more than one neuropaediatrician per 
100 000 population.

◆ The median number of neuropaediatricians is higher for 
countries with smaller populations (0.24 for countries in 
population category I) compared with 0.01 for countries 
in population category IV.

Limitations
◆ In many countries, neuropaediatrics as a specialty does 

not exist; children with neurological problems are seen 
by neurologists or paediatricians with a special interest in 
neurology. This is true not only for developing countries 
but also for some developed ones.

◆ In some countries children with neurological disorders are 
also seen by child psychiatrists, and these are not included.

◆ Because the source of information in most of the coun-
tries was the national association of neurologists, it is pos-
sible that the neuropaediatricians who are not members 
of these associations were not included.

◆ In countries where neuropaediatricians exist, information 
about their distribution is not available. It is possible that 
the majority of them are concentrated in urban areas. 

Implications 
◆ Children form a large proportion (40% or more in many 

countries) of the total population. Certain neurological 
disorders are also unique to children. Neuropaediatri-
cians are therefore required at the tertiary level to provide 
specialist care. They are also needed to provide training, 
support and supervision to primary health-care providers 
involved in the neurological care of children.

◆ The inequity in the number of neuropaediatricians 
observed across income groups, population categories 
and geographical areas needs to be specifi cally studied 
and tackled. Often the regions with the lowest resources 
are those with the greatest proportions of children and no 
neuropaediatricians.

◆ It is also important to build the capacity of paediatricians 
who have a special interest in neurology so that they can 
manage neurological diseases more effectively.
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11 NEUROLOGICAL TRAINING

Defi nitions
◆ This theme refers to postgraduate specialist training 

in neurology for medical graduates from a recognized 
institution.

 

Salient Findings
◆ Postgraduate training facilities in neurology are avail-

able in 76.2% of the responding countries. No facility 
for postgraduate training in neurology exists in 51.7% of 
low-income countries.

◆ Regionally, facilities for postgraduate training in neurol-
ogy are variable. They exist in 31.3% of the responding 
countries in Africa and 47.4% in the Eastern Mediterrane-
an. The facilities for postgraduate training are present in 
88.9% of the responding countries in the Western Pacifi c, 
92.9% in the Americas, 93% in Europe, and 100% in 
South-East Asia.

◆ The mean duration of training in neurology is 4.19 years 
(Standard Deviation (SD) 1.20). While the mean duration 
of training in neurology in low-income countries is 3.5 
years (SD 1.3), it is 5.0 (SD 1.0) in high-income countries. 

◆ A median number of 12 (interquartile range 5–30) stu-
dents obtain a specialist degree in neurology every year in 
the responding countries. However, the median number 
of students obtaining a specialist degree in neurology 

 every year per 100 000 population is 0.04 (interquartile 
range 0–0.19).

◆ The number of postgraduate students obtaining a spe-
cialist neurology degree per year per 100 000 population 
varies across different income groups of countries. The 
median number is 0 in low-income countries, while it is 
0.15 in high-income countries.

◆ Regionally, the median number of postgraduate students 
obtaining a specialist degree in neurology per 100 000 
population also varies. It is 0 in both Africa and the Eastern 
Mediterranean, 0.01 in South-East Asia, 0.04 in the Ameri-
cas, 0.08 in the Western Pacifi c, and 0.20 in Europe.

◆ In 67.9% of the responding countries, students join post-
graduate courses in neurology directly after medical grad-
uation; in the rest, they join after a postgraduate course 
in internal medicine. Even in countries where students join 
postgraduate courses in neurology directly after medical 
graduation, some training in internal medicine is included 
in the neurology course.

Limitations
◆ Data regarding the structure of training or the training 

curriculum are not available.

◆ Many countries send medical personnel abroad for train-
ing in neurology. Some of these graduates do not return 
to their countries of origin. The fi gures on trained special-
ists, therefore, may not refl ect the number of specialists 
who remain available to work in the country.

◆ Within regions also, specialists trained in one country may 
go and work in other countries.

◆ Data regarding the content of neurology courses pro-
vided in medical undergraduate and internal medicine 
postgraduate training curricula was not obtained.

Implications 
◆ Education in the fi eld of neurology is important for the 

continuous improvement of the delivery of neurological 
care. Although training facilities are available in a large 
number of countries, the number of postgraduates who 
obtain a specialist degree is clearly inadequate.

◆ An important component of neurological training concerns 
“brain drain”, where graduates sent abroad for training do 
not return to practise in their countries of origin.

◆ Postgraduate neurological training facilities may not be 
needed in some smaller countries because of the high 
cost of establishing training facilities and the small 

 number of trained professionals required. All regions, 
however, should have adequate facilities.

◆ A neurologist trained abroad may fi nd it diffi cult to work 
in the home country because of differences in the epide-
miology of neurological diseases as well as the availability 
of facilities. Thus there is a need to establish relevant 
training centres.

◆ The training content also varies, with some countries 
offering a greater emphasis on internal medicine as grad-
uates join only after a specialization in internal medicine.
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12 FINANCING FOR NEUROLOGICAL SERVICES

Defi nitions
◆ Budget for neurological care is defi ned as a separate 

regular source of money, available in a country’s health 
budget allocated for actions directed towards the care of 
neurological disorders in the country. 

◆ Out-of-pocket payments in this context refer to payments 
made for neurological care by the patient or his or her 
family.

◆ Tax-based funding refers to money for health services 
raised by general taxation or through taxes earmarked 
specifi cally for neurological services.

◆ Social insurance refers to a fi xed percentage of income 
that everyone above a certain level of income is required 
to pay to a government-administered health insurance 
fund which, in return, pays for part or all of consumers’ 
services for neurological care.

◆ Private insurance refers to a premium that health-care 
consumers pay voluntarily to a private insurance company 
which, in return, pays for part or all of their neurological 
care.

Salient Findings
◆ Of the responding countries, 10.4% have a separate 

budget within the country’s health budget for care of 
neurological illnesses. 

◆ Tax-based funding and social insurance are the primary 
methods of fi nancing neurological care in 37.8% and 
35.4% of the responding countries, respectively, followed 
by out-of-pocket expenses in 25.6%. Private insurance is 
the primary method of fi nancing in 1.2% of the respond-
ing countries.

◆ Out-of-pocket expenses are the most important source of 
fi nancing in Africa (83.3% of the responding countries) 
and South-East Asia (40% of the responding countries).

◆ Tax-based funding is the most important source of fi nanc-
ing in the Eastern Mediterranean (57.1% of the respond-

 ing countries), the Western Pacifi c (50%), the Americas 
(42.9%) and South-East Asia (40%).

◆ Social insurance is the most important source of fi nanc-
ing in Europe (58.3% of the responding countries), while 
none of the responding countries in Africa use social 
insurance as the primary method of fi nancing.

◆ Out-of-pocket expenditure is the primary method of 
fi nancing in 84.2% of low-income countries, while it is 
the primary method of fi nancing in 3.6% of high-income 
countries.

◆ Tax-based funding and social insurance are primary meth-
ods of fi nancing in 50% and 42.8% of high-income coun-
tries, respectively, and primary methods of fi nancing in 
10.5% and 5.3% of low-income countries, respectively.

Limitations
◆ This information is based on best estimates by the 

respondents and not on a review of actual expenditure or 
budget fi gures.

◆ Although defi nitions were provided with the question-
naire, it is possible that they may not have been used 
accurately.

Implications 
◆ Although a separate budget for neurological services is 

not essential, when present it assists in earmarking the 
resources and planning the services effectively. In most 
countries, the budget for care of neurological diseases is 
included in somatic medicine.

◆ In most low-income countries, out-of-pocket payment 
is the major source of fi nancing. This is likely to result 
in further inequity in utilization of neurological services. 
Efforts need to be made to introduce some form of public 
fi nancing to cover these services. 
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13 DISABILITY BENEFITS

Defi nitions
◆ Disability benefi ts in this context are the benefi ts that are 

payable as part of legal right from public funds in cases
 of neurological disorders that cause physical or mental 

impairment leading to functional limitations.

Salient Findings
◆ Of the responding countries, 70.5% reported the avail-

ability of some form of disability benefi ts for patients with 
neurological disorders.

◆ Of the low-income countries, 67.9% reported nonavail-
ability of any kind of disability benefi t for neurological 
disorders, compared with 3.2% of high-income countries. 

◆ Availability of disability benefi ts for neurological disorders 
is also variable across regions. While 25% and 33.3% of 
the responding countries in Africa and South-East Asia, 
respectively, reported availability of some form of disabil-

 ity benefi ts for neurological disorders, such benefi ts were 
available in 66.7% of the responding countries in the 
Eastern Mediterranean, 77.8% in the Western Pacifi c, 
85.4% in Europe, and 92.3% in the Americas.

◆ Regarding the types of disability benefi ts reported by 
countries, monetary benefi ts (75.7%) and rehabilitation 
and health benefi ts (64.9%) are the most commonly 
reported, followed by other benefi ts including housing, 
transport, education and special discounts (45.9%) and 
benefi ts at the workplace (37.8%).

Limitations
◆ Information on the exact type of disability benefi t for 

neurological disorders was not obtained on a structured 
format. 

◆ Data regarding coverage within the countries was not 
obtained. It is possible that in countries who responded in 
affi rmative, disability benefi ts are available to only a small 
proportion of the population.

Implications 
◆ Because of a lack of public information about disability 

benefi ts and the procedure for claiming them, few people 
actually receive them in many countries even when ben-
efi ts are available. Sometimes the procedure for availing 
themselves of disability benefi ts is also very complicated.

◆ Efforts should be made to advocate better provision of 
disability benefi ts for neurological disorders.

◆ The inequity in the availability of disability benefi ts 
observed across income groups, geographical areas and 
within countries needs to be specifi cally addressed.
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14 NEUROLOGICAL INFORMATION GATHERING SYSTEM

Defi nitions
◆ In this context, health reporting system refers to the 

preparation of reports, usually yearly, covering health 
service functions related to neurological disorders, includ-
ing the use of allocated funds.

◆ Epidemiological or service data collection system refers 
to an organized information-gathering system for serv-
ice activity data for neurological disorders. It usually 
incorporates incidence and prevalence rates of diseases, 
admission and discharge rates, numbers of outpatient and 
community contacts and other activities.

Salient Findings
◆ There is a health reporting system for neurological disor-

ders in 78.1% of the responding countries.

◆ A health reporting system for neurological disorders is 
available in 66.7% and 73.3% of the responding coun-
tries in South-East Asia and Africa, respectively, while 
such a system is available in 76.9% of the responding 
countries in the Americas, 77.8% in the Eastern Mediter-
ranean and the Western Pacifi c, and 83.3% in Europe.

◆ A data collection system for neurological disorders exists 
in 48.5% of the responding countries.

◆ Whereas almost two thirds of the responding countries 
in the Americas and Europe, 41.2% in the Eastern Medi-
terranean, and 43.8% in Africa have a data collection 
system for neurological disorders, none of the responding 
countries in South-East Asia and 22.2% in the Western 
Pacifi c have an epidemiological data collection system.

◆ An epidemiological data collection system is available 
in 35.7% of the low-income countries and 73.3% and 
51.6% of the higher middle-income and high-income 
countries, respectively. 

Limitations
◆ Information about the quality or adequacy of the health 

reporting system for neurological disorders is not avail-
able.

◆ The epidemiological or service data collection system does 
not include the epidemiological studies for neurological 
disorders carried out by individual groups in various coun-
tries.

Implications 
◆ An organized health reporting system is essential to 

enable health planners to decide how to use various 
resources.

◆ Epidemiological data help to gather information regarding 
the disease burden and trends and help in identifying the 
high priority issues. This information is highly useful for 
planning health services and monitoring trends over time.
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15 NEUROLOGICAL ASSOCIATIONS AND NGO'S

Defi nitions
◆ National neurological association refers to the profes-

sional association of neurologists or other neurology-allied 
sciences; such associations are usually nongovernmental.

◆ Nongovernmental organizations (NGOs) refers to vol-
untary organizations, charitable groups, service-user or 
advocacy groups in the area of neurology.

Salient Findings
◆ A national neurological association exists in 87% of the 

responding countries.

◆ While 43.7% of the responding countries in Africa do not 
have a national neurological association, 26.3% in the 
Eastern Mediterranean, 11.1% in the Western Pacifi c and 
2.3% in Europe do not have a national neurological asso-
ciation.

◆ A median number of 192 (interquartile range 46–500) 
specialists are members of the national neurological asso-
ciation in the responding countries.

◆ The national neurological associations are involved in 
various activities: organizing professional meetings and 
conferences (100% of the responding countries), advising 
government (70.7%), constructing curricula for postgradu-
ate training (44.6%), granting a degree of specialization in 
neurology (31.5%), constructing curricula for undergradu-
ate training (30.4%), accrediting neurology departments 
for postgraduate training (28.3%) and accrediting neurol-
ogy departments for undergraduate training (21.7%).

◆ Of the responding countries, 71.7% have at least one 
nongovernmental organization working in the fi eld of 
neurology. In 10.5% of these countries, the nongovern-
mental organizations are working only in the area of epi-
lepsy. 

◆ No nongovernmental organizations for neurological disor-
ders exist in 34% of the low-income countries and 29% 
of the high-income countries.

◆ Regionally, no nongovernmental organizations for neuro-
logical disorders exist in 52.9% of the responding coun-
tries in the Eastern Mediterranean, 33.3% in the Western 
Pacifi c, 23.8% in Europe, 19.7% in Africa, 16.7% in 
South-East Asia, and 14.3% in the Americas.

◆ The nongovernmental organizations are involved in 
awareness and advocacy in 92.1% of the responding 
countries, treatment (69.7%), rehabilitation (65.8%) and 
prevention (61.8%) activities.

Limitations
◆ Since the sources of information in most countries were 

the key persons working in neurology and possibly mem-
bers of a national association, the data pertain mainly to 
countries where neurologists or persons with an interest 
in neurology exist. Therefore it is possible that the fi gures 
might be an overestimate.

◆ Information regarding the coverage of population by the 
activities specifi ed within the countries is not available.

◆ Information regarding the quality of services is also lacking.

◆ Some of the nongovernmental organizations working in 
the countries are actually international organizations and 
not local organizations.

Implications 
◆ Presence of professional associations highlights the com-

mitment of neurologists to improve the status of care for 
neurological disorders. 

◆ The neurological associations should be more involved to 
improve the status of patient care and training in neurology.

◆ The participation of both local as well as international 
nongovernmental organizations in the care of neuro-
logical disorders is important. Their activities need to be 
encouraged as they complement the services provided by 
the public sector.

◆ Many international nongovernmental organizations are 
also involved in various educational and training activities 
for neurologists. 

◆ Groups of patients with neurological disorders and their 
carers need to be established in many more countries, 
as they can be strong advocates for improvement in the 
quality of services.
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BRIEF REVIEW OF SELECTED TOPICS

The following pages provide a 
focus on selected areas in relation 
to neurology. The specialists who 
contributed the reviews are listed 
in the Project Team and Partners.
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Epilepsy is one of the most common serious 
disorders of the brain, affecting some 50 million people 
worldwide. It is unique among these disorders in that its 
symptoms can be completely controlled in the majority of 
affected individuals by inexpensive medications or cost-
effective surgical procedures, and many forms of epilepsy 
can be prevented by appropriate public health interven-
tions. Epilepsy accounts for 1% of the global burden of 
disease, determined by the number of productive life-
years lost as a result of disability or premature death (50). 
Among primary disorders of the brain, this burden ranks 
with depression and other affective disorders, Alzheimer’s 
disease and other dementias, and substance abuse; among 
all medical conditions, it ranks with breast cancer in women 
and lung cancer in men.

Approximately one in 10 people can expect to have at 
least one epileptic seizure during a normal lifespan, but one 
seizure is not epilepsy. Only a third of the people who expe-
rience a seizure have an enduring brain disturbance that 
causes recurrent seizures and therefore warrants a diagnosis 
of epilepsy. Despite epilepsy being so common, the reported 
fi gures vary widely. The incidence is generally taken to be 
between 40 and 70 per 100 000 people per year in indus-
trialized countries, with estimates of 100–190 per 100 000 
people per year in developing countries (51, 52). The preva-
lence is between 5 and 40 per 1000 persons (51). Parasitic, 
viral and bacterial infections have been suggested as impor-
tant factors in the cause of epilepsy in developing countries 
(52). Other important causes include brain damage at birth 
caused by asphyxia, infections, and brain trauma resulting 
from accidents. Some of the public health policies which 
may help in modifying these risk factors include better peri-
natal care, strategies to control head injury, better hygiene 
to decrease neurocysticercosis, and immunization. In the 
affl uent countries, reduction of stroke by modifying the risk 
factors may lessen the incidence of epilepsy.

Evidence exists that 60–70% of people with epilepsy could 
lead normal lives if properly treated with antiepileptic drugs 
(AEDs) (53). Some of them will need to continue with medi-
cation for life but, for others, the antiepileptic medication 
may eventually be stopped without seizures recurring. For 
some patients with intractable epilepsy, neurosurgical treat-
ment may be successful.

Of the burden of epilepsy worldwide, 80% is in the devel-
oping world, where 80% of people with epilepsy receive no 
treatment at all (52). In most of these regions, misconcep-
tions, stigma, and discrimination are greater obstacles to the 
well-being of people with epilepsy than lack of adequate 
health-care facilities. These problems can be solved rela-
tively inexpensively through education of patients, their 
families, the general public, health-care providers and gov-
ernment agencies, as well as through improved access to 
effective treatments. A Global Campaign Against Epilepsy, 
a joint effort of the International League against Epilepsy 
(ILAE), the International Bureau for Epilepsy (IBE) and 
WHO, is currently in progress in order to reduce the treat-
ment gap for epilepsy and promote acceptance of people 
with this disorder by bringing epilepsy “out of the shad-
ows” (54). The aim of the Campaign is to provide better 
information about epilepsy and its consequences and to 
assist governments and those concerned with epilepsy to 
reduce the burden of the disorder.

Much more basic and clinical research is necessary to devel-
op new approaches for prevention, diagnosis, and treat-
ment, and to devise cost-effective ways to bring currently 
available approaches to the developing areas of the world 
where limited resources and tropical conditions remain a 
major obstacle to adequate health care.

EPILEPSY
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CEREBROVASCULAR DISEASES

Stroke is the second leading cause of death after 
ischemic heart disease worldwide, with an estimated 5.5 
million subjects dying from stroke every year. Two thirds of 
these deaths occur in countries with low resources. Approxi-
mately 80% of patients survive the acute phase of stroke: 
50–75% of the survivors are left with varying degrees of 
chronic disability, thus making stroke a leading cause of dis-
ability in adults. 

Hospital care, long-term care, complete or partial working 
incapacity, and community support – all of these factors 
cause enormous costs for the patients, their families, com-
munities and the health-care system. There are different 
estimates of costs of management of stroke per patient in 
various regions. In Australia, the European Union and North 
America, the mean total cost of stroke management for 
the fi rst three months is approximately US$ 14 000. The 
average cost per surviving day is US$ 260 (55). In general, 
more than 70% of costs are directed for covering hospi-
talization, less than 20% for rehabilitation, and the rest for 
chronic care facilities. Lifetime costs per stroke patient range 
approximately between US$ 60 000 and US$ 230 000. 
These costs should be regarded in the context of the epi-
demiological data, as the number of stroke survivors in a 
society translates directly into the actual economic burden 
of stroke. 

Surveys performed before 1990 show that the worldwide 
crude prevalence rate of stroke in all age groups ranges 
from 4 to 20 per 1000 population. More recently published 
data from population-based studies show less variability 
between geographical regions, with the crude prevalence 
rate ranging from 5 to 10 per 1000 population (56). 
Some gender differences can be observed, as the stroke 
prevalence rate is lower in women than in men. Despite 
the stable rates, demographic estimates point towards an 
important increase of the number of strokes in the near 
future – especially in South America and Asia. 

Based on these simple data one can roughly estimate the 
life-time costs of all strokes as millions of dollars in a medi-
um-sized European country, thus highlighting the impor-
tance of stroke as a target for public health campaigns. 
However, stroke-related costs should not be regarded from 
a perspective of a high-income country. With the increasing 
burden of stroke in low-income countries the same magni-
tude of resources would be required to fulfi l the needs of 
patients and to cover the disability-related loss of productiv-
ity.

As prevention is more effective than treatment, primary 
health care is the most appropriate means of preventing 
stroke and reducing its public health impact. It is crucial 
to increase awareness among primary care physicians of 
modifi able stroke risk factors such as hypertension, diabetes 
mellitus, tobacco smoking, obesity and excessive alcohol 

consumption. This knowledge will allow for institution of 
primary and secondary prevention measures. It is also of 
great importance to introduce stroke awareness campaigns 
for the public, to promote healthy lifestyles and demon-
strate the need for risk factor modifi cation. Stroke should be 
regarded as one of the preventable cardiovascular diseases, 
and stroke prevention should be a global effort. 

Data from the literature shows that organized care in a 
stroke unit is the most effective way of reducing long-term 
case fatality, long-term disability and the need for institu-
tionalization (57). The benefi ts of a stroke unit come from 
its focus on coordinated multidisciplinary care, nursing inte-
gration and early rehabilitation. Specialization of care repre-
sented by interest and expertise in stroke rehabilitation, and 
also education and training of staff, patients and caregivers, 
are of great importance. Efforts need to be made to popu-
larize and promote stroke unit care, especially in countries 
with low and medium levels of resources.

Important endeavours have been undertaken recently to 
improve the knowledge of stroke epidemiology world-
wide. The Surveillance and Risk Assessment Division of the 
Population and Public Health Branch of Health, Canada – a 
WHO Collaborating Centre for Surveillance of Cardiovas-
cular Diseases – developed a database of worldwide demo-
graphic data on cardiovascular and cerebrovascular disease 
mortality and morbidity. Moreover, the World Federation 
of Neurology and the International Stroke Society, in col-
laboration with WHO, have initiated the development of a 
stroke component of the WHO Global Noncommunicable 
Disease Infobase, which collects information on stroke 
prevalence, incidence, mortality and case fatality based on 
published data. Another WHO-initiated activity is an inter-
national stroke surveillance system: the STEPwise approach, 
which will form a framework for surveillance and data col-
lection in order to achieve comparability of data over time 
and between different countries (58, 59). All these efforts 
aim to improve prevention and control of stroke and to 
facilitate the planning of health services. A joint effort of 
health-care professionals, nongovernmental organizations 
and governmental bodies is the key to controlling epidemics 
of stroke.
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Headache disorders are ubiquitous. Their lifetime 
prevalence in populations in which they have been meas-
ured is over 90%. Migraine is most studied, although still 
not fully in all regions of the world. It mostly affects people 
of working age but does trouble children as well. Euro-
pean and American studies show that 6–8% of men and 
15–18% of women experience migraine every year (60). 
A similar pattern is seen in Central and South America: in 
Puerto Rico, for example, 6% of men and 17% of women 
are affected. Major studies are still to be conducted in India, 
but anecdotal evidence suggests similar levels of migraine 
promoted by Indian lifestyle factors. In Japan it is estimated 
to affect 8.4% of adults. Migraine appears less prevalent, 
but still common, elsewhere in Asia (3% of men and 10% 
of women) and in Africa (3–7% in community-based stud-
ies). Again in these areas, major studies have yet to be con-
ducted. The higher rates in women everywhere (2–3 times 
those in men) are hormonally driven. 

Tension-type headache (TTH) is the most common head-
ache disorder (61). Most is episodic, and this subtype 
affects two-thirds of adult males and over 80% of females 
in developed countries, although few seriously. In its chronic 
subtype, in contrast, it is present on more days than not 
and is disabling. Chronic tension-type headache overlaps 
with and is sometimes indistinguishable from other forms 
of chronic daily headache, some of which are unrelentingly 
present throughout every day. Estimates of the prevalence 
of this group of conditions in Europe and the United States 
are as high as 1 in 25 of the adult population (62).

Not only is headache painful but, depending on its inten-
sity and other symptoms that may accompany it, it is also 
disabling. Migraine affects people particularly during their 
productive years and, in a survey in the United States, 80% 
of people with migraine reported disability because of it. 
Extrapolation from migraine prevalence and attack inci-
dence data suggests that 3000 migraine attacks occur every 
day for each million of the general population so it is unsur-
prising that, worldwide, migraine is 19th among all causes 
of years of life lost to disability (YLDs) (63). As well as 
suffering directly from its symptoms, people with migraine 
consistently score highly on scales of general physical and 
mental ill-health. Chronic tension-type headache and other 
forms of chronic daily headache are associated with long-
term morbidity.

Repeated headache attacks, and often the constant fear of 
the next, damage family life, social life and employment. 
For example, social activity and work capacity are reduced 
in almost all migraine sufferers and in 60% of tension-type 
headache sufferers. The fi nancial cost of headache arises 
partly from direct treatment costs but much more from loss 
of work-time and productivity. In the United Kingdom, for 
example, 25 million workdays or schooldays are lost every 

year because of migraine alone. A recent United States 
study measured indirect costs in a managed-care population 
at over US$ 4500 per sufferer per year. Tension-type head-
ache and chronic daily headache may together cause losses 
of similar magnitude. In the 15 European Union countries 
prior to enlargement, the annual cost of all headache has 
been estimated at € 10 000-30 000 million.

Therefore, while headache rarely signals serious underlying 
illness, it is high among causes of consulting both general 
practitioners and neurologists. Over a period of fi ve years, 
one in six patients aged 16–65 years in a large general prac-
tice in the United Kingdom consulted because of headache. 
A survey of neurologists found that up to one third of all 
their patients consulted for headache – more than for any 
other single complaint.

Despite headache being a common occurrence, there is 
good evidence that large numbers of people troubled by 
it do not receive effective health care. In many countries, 
headache conditions are not recognized as diseases but only 
as self-limiting and unimportant symptoms, deserving no 
allocation at all of resources. A consensus conference organ-
ized by the American and International Headache Societies 
concluded that migraine is underdiagnosed and undertreat-
ed throughout the world. 

Nevertheless there are effective treatments. It is possible 
to alleviate much of the symptom burden of headache and 
thereby mitigate both the humanitarian and the fi nancial 
costs. Crucially, the common headache disorders require no 
special investigation and their diagnosis and management 
call only for skills generally available to physicians. Most 
headache can be optimally managed in primary care, if the 
following barriers are removed:

◆ lack of knowledge, among health-care providers, of 
headache disorders and how to treat them;

◆ poor awareness among the general public, so that head-
aches are often trivialized as a minor annoyance and an 
excuse to avoid responsibility (stigmatization), and among 
headache sufferers who are unaware that effective treat-
ments exist;

◆ failure of governments to acknowledge the burden of 
headache and to recognize that the costs of treating it 
are small in comparison with the huge savings that might 
be made (for example, by reducing lost working days) if 
resources were allocated to do so appropriately.

The key to successful health care for headache in most areas 
of the world is therefore education. This is at the heart of the 
Global Campaign to Reduce the Burden of Headache (64). 

HEADACHE
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PARKINSON'S DISEASE

Parkinson’s disease occurs worldwide: it affects all 
ethnic groups and socioeconomic classes. Besides the disa-
bling motor symptoms, patients have non-motor symptoms 
such as anxiety and depression. The Global Parkinson’s 
disease Survey in six countries demonstrated that depres-
sion in Parkinson’s disease is a signifi cant factor affecting 
the health-related quality of life (65). Although there is no 
cure for Parkinson’s disease, there have been advances in 
its management through drugs, rehabilitative measures and 
surgery. To achieve health for all, it is essential that we have 
a true appraisal of the epidemiological aspects of Parkin-
son’s disease and resources available in each region. 

Most epidemiological studies have shown an estimated inci-
dence ranging from 16 to 19 per 100 000 people per year 
(66), while estimated crude prevalence is 160 per 100 000 
people per year (67). There are regional variations which 
may, in part, be attributable to different methods of case-
fi nding, diagnostic criteria and the age of the population. 
There is clearly a need for well-defi ned epidemiological 
studies, especially from the developing regions of the world. 

Parkinson’s disease poses a signifi cant public health burden, 
which is likely to increase in the coming years. Along with 
other neurodegenerative diseases such as Alzheimer’s dis-
ease, Parkinson’s disease is expected to surpass cancer as 
the second most common cause of death by the year 2040. 
The direct and indirect costs for the care of Parkinsonian 
patients, including cost of drug treatment (about US$ 1100 
million worldwide) can be substantial (68). The incidence 
and prevalence of Parkinson’s disease increase with advanc-
ing age, occurring in about 1% of people over the age of 
65 years. With increase in life expectancy, future demo-
graphic projections predict a larger population over the age 
of 60 years in the developing regions, with a corresponding 
increase in the number of Parkinson patients. 

For delivery of neurological care to people with Parkinson’s 
disease, adequate human resources and other facilities 
are required. These are regrettably defi cient, especially in 
the developing regions. For instance, there are only about 
850 neurologists for the care of over 1000 million people 
in India (1 neurologist for 1.2 million inhabitants). These 
neurologists are mainly located in the cities, whereas nearly 
two thirds of India’s population reside in rural areas. It is 
therefore necessary to seek the help of primary care physi-
cians for the care of patients. Medical education should 
be suitably modifi ed so that graduate physicians are able 
to recognize primary symptoms of Parkinson’s disease and 
impart education about this illness to patients and their 
families. They should be able to initiate treatment with the 
appropriate anti-Parkinsonian drug and refer suitable cases 
to community hospitals in semi-urban areas or to large 
urban hospitals. There is also a great need to expand the 
support services and to have more nurse specialists, social 
workers, paramedical staff and rehabilitation centres. Vari-
ous nongovernmental support organizations are working 
in this area to increase the awareness of this disease and its 
management. 
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DEMENTIA

Dementia is a syndrome characterized by a pro-
gressive global deterioration in intellectual function. Alzhe-
imer’s disease is the commonest pathology, accounting for 
50% to 75% of cases. Recent estimates for numbers of 
people with dementia worldwide suggest that 18–25 mil-
lion persons were affected in 2000 and that this number 
will double to 32–40 million by 2020 (69, 70). It is largely 
a disease of older persons: only 2% of cases are under 65 
years of age. After this age, the prevalence doubles with 
every fi ve-year increment in age. Prevalence varies very 
little between developed countries: 1% for 60–64 years, 
1.5% for 65–69 years, 3% for 70–74 years, 6% for 75–79 
years, 13% for 80–84 years, 24% for 85–89 years, 34% for 
90–94 years, and 45% for those aged 95 years or over (70). 

Demographic ageing proceeds apace in China, India and 
Latin America. In the 30 years up to 2020, the oldest sector 
of the population will have increased by 200% in develop-
ing countries compared with 68% in the developed world 
(2). By 2020, two thirds of all people over 60 (and, presum-
ably, a similar proportion of all those with dementia) will be 
living in developing countries (69). In the developing world, 
however, there is more uncertainty as to the frequency of 
dementia, with few studies and widely varying estimates 
(71). In general, prevalence and incidence are lower than 
in the developed countries (71). Early onset cases are again 
rare, though this may be changing in parts of the world 
where HIV/AIDS is endemic.

Dementia is one of the major causes of disability in later 
life. The consensus estimated disability weight for dementia 
applied in the global burden of disease report was higher 
than that for almost any other condition with the excep-
tion of spinal cord injury and terminal cancer. Among older 
people, dementia was the most burdensome neuropsychi-
atric disorder accounting for more than half of all disability-
adjusted life years in this domain of morbidity (2).

People with dementia are heavy consumers of health serv-
ices, but in developed countries most direct costs arise from 
community and residential care. In the United Kingdom 
these costs amount to US$ 8000 million, or US$ 13 000 
per person with dementia (72). The economic burden is 
unevenly distributed; families from the poorest countries are 
particularly likely to use expensive private medical services 
and to be spending more than 10% of per capita GNP on 
health care (73). Worldwide, family caregivers are the cor-
nerstone of support for people with dementia. They experi-
ence signifi cant psychological, practical and economic strain 
(73, 74). Dementia care is particularly time intensive because 
of the need for close supervision. Many caregivers need to 
give up or cut back upon work in order to care. When the 
full costs of their care inputs were calculated, in the United 
States they amounted to US$ 18 000 million annually (75). 

Primary prevention should probably focus upon risk factors 
for vascular disease, including hypertension, smoking, type II 
diabetes, and hyperlipidaemia. The epidemic of smoking in 
developing countries and the high and rising prevalence of 
type II diabetes in Asia are particular causes of concern. More 
work is needed to identify further modifi able risk factors. 

Achieving progress with dementia care has much to do 
with creating the climate for change. Lack of awareness, 
widespread among policy-makers, clinicians and the general 
public, is a key public health problem with important conse-
quences: 

◆ affected persons do not seek help; even if they do, 
health-care services tend not to meet their needs;

◆ dementia is stigmatized; for example, sufferers can be 
excluded from residential care and denied admission to 
hospital facilities;

◆ there is no constituency to lobby government or policy-
makers;

◆ families are the main caregivers, but they lack support or 
understanding from others. 

Population level interventions are needed. National Alzhe-
imer Associations help to raise awareness and create a 
framework for positive engagement between clinicians, 
researchers, caregivers and people with dementia.

Primary health-care services have an essential role to play in 
prevention, detection and management. Clinic-based serv-
ices providing acute care do not meet this need. For many 
low-income countries the most cost-effective approach will 
be community primary care services supporting, educating 
and advising family caregivers, supplemented by subsidized 
home nursing or home-care workers. Day care and residen-
tial respite care are more expensive, but nevertheless basic 
to a community’s needs, particularly for more advanced 
dementia. Residential care is unlikely to be a government 
priority. Even in some of the poorer countries, however, 
private nursing and residential care homes are opening to 
meet the new demand (for example, in China and India). If 
government policies are well formulated, the inevitable shift 
of resource expenditure towards older people can be pre-
dicted and its consequences mitigated (76). 
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MULTIPLE SCLEROSIS

Multiple sclerosis is the most common neurologi-
cal disorder in younger adults of Caucasian origin. The etiol-
ogy is still unknown but pathogenetic steps leading to the 
characteristic histological fi ndings of perivascular infl amma-
tion and focal demyelination, as well as astrocyte scarring 
and axonal loss, have become better understood. 

Clinically the disease course is most often relapsing-remit-
ting, with exacerbations lasting on average a few weeks to 
a few months. In the long run, over decades, this course 
most often turns (for unknown reasons) into a secondary 
progression. The cases which remain relapsing-remitting are 
probably the ones which are benign (10–15%). Another 
form of the disease is primary progressive, equally frequent 
in females and males with probably less infl ammatory com-
ponents. In relapsing-remitting and secondary progressive 
forms the disease is twice as common in females than in 
males. 

The world estimate is 1.11 to 2.5 million cases of multiple 
sclerosis. High-frequency zones for multiple sclerosis at 
50–100 per 100 000 population are Europe, Canada, coun-
tries of the former USSR, Israel, northern United States, 
New Zealand, and south-east Australia. Lowest frequency 
zones for multiple sclerosis at 5 per 100 000 population are 
Asia, Africa and South America. In general, multiple sclerosis 
occurs worldwide with much greater frequency in higher 
latitudes between 40 and 60 degrees north and south lati-
tude (77, 78).

As long as the etiology of multiple sclerosis remains 
unknown, a causal therapy or effective prevention is not 
possible. Introduction of new disease-modifying therapies 
such as beta-interferon or glatiramer acetate may alter the 
disease course, especially in the relapsing-remitting form, by 
reducing the number of attacks by about a third and reduc-
ing the accumulation of lesions as seen on MRI, and by 
infl uencing the impact of the disease on disability. Rehabili-
tation still remains the most effective element in the overall 
management of multiple sclerosis. Clinical as well as basic 
research are urgently needed in a coordinated fashion in 
order to fi nd the etiology of this still enigmatic disease, with 
the goal of fi nding more effective treatments or preventing 
it altogether.
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Most care for disorders of the nervous system is 
provided not by neurologists but by general physicians and 
other primary health-care workers, especially in developing 
countries where neurologists may be few or nonexistent. 
Adequate pregraduation training in neurology is needed 
everywhere so that general physicians can identify and treat 
disorders of the nervous system, which are major contribu-
tors to the global burden of disease. 

Undergraduate medical curricula should include the epide-
miology and prevention of the neurological disorders that 
are most prevalent in the region where graduates will prac-
tise. Some of the commonest neurological disorders such 
as stroke and epilepsy are preventable to some degree, for 
example by adequate treatment of hypertension in the fi rst 
case and by eradication of neurocysticercosis in the other. 
The benefi cial effects of neurorehabilitation and the careful 
management of chronic neurological diseases should also be 
included in pregraduate curricula.

To keep physicians abreast of changing patterns of neu-
rological disorders (such as the increasing incidence of 
cerebrovascular disease and dementia in developing coun-
tries), continuing medical education in neurology should be 
readily available to all primary care physicians. Particularly 
in countries where neurospecialists are few, and most care 
of neurological disorders falls to the primary care physician 
or other health-care professionals, the educational role of 
the neurologist should include providing continuing medical 
education for primary care doctors (79). Continuing medical 
education for neurologists is widely available in wealthier 
countries through national and international neurological 
societies. For neurologists in developing countries, regional 
neurological societies can offer educational programmes 
that focus attention on neurological disorders endemic 
to the area, and foster connections with neurologists in 
wealthier countries. 

Neurologists everywhere are recognized by their expertise in 
certain areas such as basic neurosciences, the neurological 
history and examination, and diagnosis and management 
of neurological disorders. Physicians in some countries may 
identify themselves as neurologists after minimal specialty 
training, whereas in other countries several years of post-
graduate education, followed by successful completion of a 
specialty examination, are necessary. Through their national 
professional organizations, neurologists serve as advisers to 
national governments in over 70% of countries. Where this 
is the case, neurology curricula should also include some 
training in public health and in health-care delivery. 

There are no recognized international standards for training 
in the specialty of neurology or for methods of demonstrat-
ing competency in the fi eld. Postgraduate neurology curric-
ula vary widely, some concentrating on clinical training and 
others stressing knowledge in basic neurosciences. Many of 

these differences spring naturally from local needs, and are 
not necessarily undesirable. There are wide regional differ-
ences in the prevalence of various neurological disorders. A 
core curriculum in neurology should be infl uenced by local 
conditions, particularly for training in neuroepidemiology, 
prevention of neurological disorders, changing patterns of 
disease, and the cost-effective use of diagnostic and thera-
peutic resources. 

The length of training programmes in neurology varies from 
place to place. Areas of subspecialty training in neurology 
include stroke, movement disorders, epilepsy, neurore-
habilitation, pain, and clinical neurophysiology, and such 
programmes are generally available only in the wealthiest 
countries. They usually require one to two years, but accu-
rate data about the length and content of such programmes 
are lacking. Whether adequate neurology training might be 
done in less time in certain countries or regions would be a 
useful subject for study. Shorter programmes would be less 
costly and might require fewer faculty members.

The available data demonstrate that in many low-income 
and middle-income countries there may be no neurolo-
gists, or as few as one neurologist for every 2 million people 
(47). Such countries generally do not have the conventional 
academic foundations for postgraduate neurology training 
programmes, and their neurologists receive training else-
where. For small countries, the model of specialty training 
abroad may be suitable, as long as the training corresponds 
to the disease profi le and technological milieu of the coun-
try where the neurologist will practise. The establishment 
or improvement of neurology training programmes is desir-
able in larger countries, however, to produce graduates 
who will work locally or in the region. The organization and 
evaluation of new training programmes could be facilitated 
by international linkages with various nongovernmental 
organizations. 

In some areas the construction of regional training pro-
grammes could avoid duplication of costly resources and 
allow pooling of resources. Modern technology would facili-
tate the use of long-distance teaching, sharing of teach-
ing materials, and establishment of research ties. In some 
regions it might be desirable to replace or supplement the 
traditional four-year postgraduate neurology programme 
with a shorter training programme for general physicians 
with a special interest in clinical neurology. 
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