NeuroRehabilitation 22 (2007) 341-353
I0S Press

341

The impact of traumatic brain injuries: A
global perspective

Adnan A. Hydei*, Colleen A. Wunderlich, Prasanthi Puvanachanér&. Gururaj and

Olive C. Kobusingyé

aDepartment of International Health and Center for Injury Research & Policy, Johns Hopkins Bloomberg School of
Public Health, USA

PMedical College of Virginia/Virginia Commonwealth University Health System and Children’s Hospital, USA
°National Institute of Mental Health and Neurosciences, India

dworld Health Organization Regional Office for Africa

Abstract. Traumatic brain injury (TBI), according to the World Health Organization, will surpass many diseases as the major
cause of death and disability by the year 2020. With an estimated 10 million people affected annually by TBI, the burden of
mortality and morbidity that this condition imposes on society, makes TBI a pressing public health and medical problem. The
burden of TBI is manifest throughout the world, and is especially prominent in Low and Middle Income Countries which face a
higher preponderance of risk factors for causes of TBI and have inadequately prepared health systems to address the associated
health outcomes. Latin America and Sub Saharan Africa demonstrate a higher TBI-related incidence rate varying from 150-170
per 100,000 respectively due to RTIs compared to a global rate of 106 per 100,000. As highlighted in this global review of TBI,
there is a large gap in data on incidence, risk factors, sequelae, financial costs, and social impact of TBI. This should be addressed
through planning of comprehensive TBI prevention programs in LMICs through well-established surveillance systems. Greater
resources for research and prioritized interventions are critical to promote evidence-based policy for TBI.
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1. Introduction either mortality or hospitalization. Available data in-
dicate that nearly 60% of TBIs are due to road traffic

Traumatic brain injury (TBI) is a critical public  injuries (RTIs) in all parts of the world; about 20-30%

health problem worldwide. However, since the prob-
lems experienced by those suffering TBI, such as im-
pairments in memory or cognition, are often not visi-
ble, it has been referred to as the “silent epidemic” [45].
Of all types of injury, those to the brain are among the
most likely to result in death or disability [1]. TBI, ac-
cording to the World Health Organization (WHO), will

are due to falls; 10% due to violence, and another 10%
due to combination of work place and sports related
injuries [24].

Efforts to quantify the magnitude of TBI are ham-
pered by many factors. Firstly, minor TBI, the major-
ity of all brain injuries, is difficult to capture, as only
few receive medical treatment. Secondly, TBI may be

surpass many diseases as the major cause of death an@aused by war and civil unrest, occurs in the context of
disability by the year 2020. It has been estimated that multi-trauma, and is usually under-reported or rolled up

TBI affects over 10 million people annually leading to
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into other causes of death and injury statistics. Thirdly,
TBI may be under-represented given its silent nature
and the absence of injury surveillance or reporting sys-
tems in many part of the world. Fourthly, although

WHO has defined parameters for adult central nervous
system disorders in 1993 [79], there is at present, no
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internationally accepted method of defining severity or
longevity of childhood disability from TBI, and indi-
vidual nations each have their own health patterns of
use and provision [78].

Given these challenges, this paper attempts to sum-
marize the epidemiology of TBI in a worldwide con-
text by describing the burden of TBI in high, and low-
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injury. As aresult, the most recent database from which
we are able to construct a global picture of TBI is from
the 1996 Global Burden of Disease (GBD) study [60]
which categorizes injuries by cause and outcome. The
reported outcomes of “fractured skull” (long and short
term) and “intracranial injury” (long and short term)
for five causes of injury (RTIs, falls, other unintention-

middle income countries; provides examples and case al injuries, violence and war) have been used here to
studies from developing regions; and then summarizes estimate a global burden of TBI. For the purposes of
the implications for research and control measures. To this paper, these outcomes have been defined as “TBI-

this end, we have purposefully chosen to focus on se-
lected data sources (from 1990 onwards) that offer a
global perspective of TBI and those that highlight the

related outcomes”.
Table 1 highlights the regional differences in inci-
dence rates across the 8 regions used in the GBD study.

most significant issues, rather than pursue a systemic The highest rates of TBI due to RTIs are in the Latin

review of all worldwide sources. The term head injury
potentially covers not only those injuries resulting in a
change in brain function (an altered level of conscious,
confusion, coma, convulsions, or other signs of neuro-
logical deficit) but also injuries to the bones and soft
tissues of the face and head but not involving the brain.
In this paper, the term traumatic brain injury will be
used to incorporate all types of head injury including
those studies where head injury is used without further
clarification or where TBI are not differentiated from
other injuries to the head.

2. Global burden of TBI

In 2002, injuries were responsible for killing 4.5 mil-
lion adults, equating to 1 in 10 of total adult deaths [81].
Injuries are among the top 15 causes of death in all age
groups less than 60 years old with road traffic injuries,
self-inflicted injuries and violence consistently among
the leading 15 causes of death. Taking disabilities into
account places the burden of disease due to injury high-
er as shown in Fig. 1 from the WHO Global Burden of
Disease estimates. The Disability Adjusted Life Years
(DALYS) losses are higher for low-income countries
due to injuries for all causes with the exception of self-
infliction and violence [80]. Overall the DALY loss-
es for RTI and other unintentional injuries are highest;
TBI is an important and often critical sequelae of these
injuries.

A systematic review of Pubmed/Medline did not re-
veal any recent reviews on the global burden of TBI.
This, together with the inconsistencies in defining TBI
and poor reporting systems in many LMICs makes for
scarcity of data. Itis also noted that many injury analy-

ses do not portray outcomes and hence, it cannot be de-

termined what proportion of these injuries resultin head

American and Caribbean region with rates in Sub Sa-
haran Africa not far behind. These same regions also
demonstrate the highest rates for TBI-related outcomes
due to violence. With an incidence rate of 42.6 per
100,000, India has the greatest rate of TBI-related in-
juries due to falls. Overall, TBI-related outcomes from
RTI might involve between 700,000 and 5.6 million
people annually ranging from severe long term to mild
head injury respectively [65].

The global distribution of TBI related outcomes
(fractured skull, short and long term intracranial injury)
for all ages is shown in Fig. 2. Globally, RTI is seen
to cause over 60% of such outcomes thus highlight-
ing the significant public health nature of this prob-
lem. Violence is also seen to be an important cause of
TBI reflecting the high number of cases in Sub Saharan
Africa and Latin American and Caribbean regions. The
regional distributions of TBI related outcomes (frac-
tured skull, short and long term intracranial injury) by
cause of injury are shown in Fig. 3. The distribution of
RTls are fairly evenly spread across most regions fur-
ther highlighting that this issue is not solely associated
with high income countries. India accounts for 50% of
TBI-related outcomes from falls and a fourth of cases
related to unintentional injuries. The effect of civil un-
rest and ethnic tensions in the Middle Eastern Crescent
is reflected in the regional distribution of war-related
TBI; while civil unrestand societal violence might have
caused a high proportion of TBI in Sub Saharan Africa.

Whilst current and past estimations demonstrate the
burden of TBI, what is worrying is the future trend of
TBI. RTlIs are currently the leading cause of TBI and
WHO estimate that they will be theéBleading cause
of premature death amongst all age categories by the
year 2020 [59]. Thus it is to be expected that subse-
guent brain injury is set to become a significant burden,
particularly within the developing world. Similarly,
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Table 1
Incidence rates (per 100,000) of traumatic brain injury related outcomes (fractured skull, short and long term intracranial injury) by cause (1996)

Incidence Rates (per 100,000)

Cause Injury Sustained EME FSE India China OAl SSA LAC MEC World
Road Traffic Accident Fractured Skull 0.8 1 0.9 0.5 0.8 1.2 1.3 0.6 0.8
Intracranial Injury Short Term 97 123 119 63 106 156 163 78 106
Intracranial Injury Long Term 4.6 6.8 42.6 7.7 13.7 6 6.2 7.4 13.3
Falls Fractured Skull 0.6 14 5.9 2.1 4.4 2.8 2 2.7 2.9
Intracranial Injury Long Term 4.6 6.8 42.6 7.7 13.7 6 6.2 7.4 13.3
Other Unintentional Injuries  Intracranial Injury Long Term 2.5 5.2 9.8 6.8 7.7 134 7.1 5.5 7.2
Violence Fractured Skull 0.2 0.3 0.3 0.3 0.4 1.6 0.6 0.4 0.5

Intracranial Injury Short Term 319 54.7 28 254 346 144  66.5 7.6 43
Intracranial Injury Long Term 1.6 2.7 1.4 1.3 1.7 7.2 33 0.4 2.2
War Intracranial Injury Long Term 0 3.3 0 0 09 207 15 133 3.8

EME = Established Market Economies; FSEFormer Socialist Economies of Europe; INDIndia; CHN = China; 0Al= Other Asia and
Islands; SSA = Sub-Saharan Africa; LAE Latin America and Caribbean; MEE€ Middle Eastern Crescent.
Source: Murray CL and Lopez A. Global Burden of Disease, 1996 [59].
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Fig. 1. Projected DALYs for injuries by cause and income level, 2005.

the increasing trends for political and civil violence in  tality rate of 11.5 per 100,000 with the leading cause
Sub-Saharan Africa, the Middle East and other regions being RTIs [19]. It noted that approximately 68% of
portends negatively for TBI. those who dies as a result of head injuries, did so before
Data from individual countries also gives a snapshot arriving at hospital. In contrast, a study from neuro-
global perspective of the burden of TBI and demon- logical centres in Pakistan [34] revealed an incidence
strates the noticeable variations amongst developed andrate for TBI of 50 per 100,000 with RTIs and falls
developing nations. A study from Germany reported as the commonest causes. Of particular interest, 50%
an incidence of TBI of 350 per 100,000 and a mor- of TBI caused by falls were a result of falling from



344

i ar
Unintentional_ §

A.A. Hyder et al. / The impact of traumatic brain injuries: A global perspective

| R ol Traili
= Accidens

[y

Fig. 2. Global distribution of TBI related outcomes (fractured skull, short and long term intracranial injury) by cause (1996).

rooftops; sleeping and kite flying with inadequate bar-
riers on rooftops are unfortunately all too common in
Pakistan [70].

The difference between TBI in cities versus rural ar-
eas is highlighted in a paper from China [84] where
the incidence rates were reported as 6.3 and 9.7 per
100,000 respectively. This difference parallels a study
conducted in the US (state of Colorado) where the TBI

tions. However there is a paucity of data regarding the
incidence of TBI amongst children in the developing
world [6]. The International Multicenter Study of Head
Injury in Children [57] compiled data on all children
ages 0 to 15 years seen in the emergency room and
hospitalized across five countries — Argentina, Brazil,
France, Hong Kong, and Spain. Minor injury account-
ed for 56% of these children, moderate 39%, and se-

incidence rates for urban areas was 97.8 and 172.1 per vVere 5%, with a case fatality rate of 1.6%. Of the vic-

100,000 in the rural setting [20]. The implications of
rural TBI are important to consider in the public health
milieu given that access to tertiary neurosurgical fa-
cilities and rehabilitative services may be limited, and
many cases of long term disability as a consequence of
head injury tend to go unreported in the rural environ-
ment especially in the developing world [20].

A tri-modal age-specific TBI incidence is quite of-
ten seen in population based studies with peaks in ear-
ly childhood, late adolescence/early adulthood and in
the elderly [10]. While falls dominate among children
and the elderly as causes, RTIs and violence contribute
for majority of TBIs in young and middle aged adults.
Although inconsistency of age categorization and con-
founding factors such as gender and income level might
affect specific studies, overall these trends are common
across studies. Findings from the United States reveal
that for emergency department visits, hospitalizations,

and deaths combined, infants aged 0 to 4 years and ado-

lescents aged 15 to 19 years are more likely to sustain
a TBI than other age groups [45]. Similarly a German
study found that whilst mild head injury was more fre-
guent in the under 2 year old category, intracranial in-
juries were more common in the older age groups [19].
WHO estimates that over 98% of childhood injuries
occur in the poorest countries in the world with injury
rates being 5 times higher than in industrialized na-

tims 61% were boys and the majority of children (55%)
were aged 0 to 4 years. A study based in Nepal demon-
strated that 96% of children admitted to hospital with
an injury had sustained a TBI with falls being the com-
monest cause of injury (61%). Of noticeable public
health importance, the authors found that it took chil-
dren from rural areas of Nepal, on average, 30 hours
longer to obtain neurosurgical care than those injured
in the capital of Khatmandu [55]. Although in part,
this may be due to ongoing political unrest and geo-
graphical constraints within the country, this finding
highlights important issues concerning access to care
in the rural setting.

Gender differences in incidence of TBI have also
been noted. Males consistently show a higherincidence
in numerous studies with ratios ranging from 1.5:1 in
the US [45] to 2.5:1 in rural China [84]. Whilst it is
clear that the burden of TBI is significant on a global
scale, thereis concern that the situation across the world
differs by regions significantly and TBI outcomes in
low and middle income countries are far worse than in
high-income settings. High rates of road traffic injuries,
falls and violence; larger numbers of young people; and
enhanced epidemiologic and demographic transitions
create a high risk environment for TBI. As a result the
following sections present TBI data disaggregated by
regions with a special focus on low and middle income
countries.
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Fig. 3. Distribution of traumatic brain injury related outcomes (fractured skull, short and long term intracranial injury) by cause and region
(1996).
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3. Burden of TBI in high income countries

Every 21 seconds, one person in the United Stat-
ed sustains a TBI [7]. An estimated 1.4 million TBI-
related deaths, hospitalizations, and ED visits occur in
the United States each year [43]. Of these, 50,000 die,
235,000 are hospitalized, and 1.1 million are treated
and released from an emergency department. An es-
timated 80.000 to 90,000 people with TBI experience
permanent disability from their injury [77]. Adults
aged 75 years and older have the highest rates of TBI-
related hospitalizations and death, with falls being the
leading cause of TBI in this age group. Males are 1.5
times as likely to sustain a TBI than females; an av-
erage 835,000 TBIs are incurred by U.S. males com-
pared with 561,000 among females [43]. U.S. males
from 0—4 years of age had the highest rate for TBI-
related deaths, hospitalizations, and ED visits com-
bined (1,355.3 per 100,000), followed next by females

A.A. Hyder et al. / The impact of traumatic brain injuries: A global perspective

admission. 76% of all injuries in the elderly-(60
years) were caused by falls.

Trends in Canada show that there has been a 35%
decrease in TBI admissions during the period 1994—
1995 (» = 25,665) and 2003-2004 (= 16,811). The
largest decrease (53%) occurred in the 0-19 years age
group. Individuals 60 years and older account for the
largest numbers of deaths secondary to TBI; there was
a significant increase of 35% from 601 deaths in 1994—
1995 to 809 in 2003-2004. While the overall number of
TBI has decreased over the last decade, the number of
severe TBI (Injury Severity Score 12) has increased
recently in Canada by 46% from 3,880 in 2000—2001 to
5,660in 2003—2004. The decreasing tends of TBI num-
bers in both US and Canada over the past two decades
appear to be due to a mix of widespread implemen-
tation of prevention measures, safety legislation, and
public education initiatives; improvements and wider
availability of emergency medical systems and region-

aged 0—4 years (874.8 per 100,000). Rates next peakedal trauma centers; and improvements in neuro-critical
for both males and females aged 15 to 19 years and 75 care and implementation of evidence-based treatment

years and older showing a trimodal distribution. RTI
causes the greatest number of TBI-related hospitaliza-
tions and accounts for 20% of all TBIs. African Amer-
icans and American Indians/Alaskan Natives have the
highest death rate from TBI especially related to vio-
lence [43]; approximately four times the rate in white
males [42].

Brain injury is the most frequent cause of disability

guidelines for severe TBI [39].

In the European Union, TBI accounts for one mil-
lion hospital admissions per year (www.nabis.org). A
systemic review by Tagliaferri et al. [75] describes an
aggregated (hospitalized and fatal) TBI incidence rate
of 235 per 100,000, average mortality rate of 15 per
100,000, and case fatality rate of 11%. The TBI sever-
ity ratio of mild to moderate to severe TBI for hospi-

and death among children and adolescents in the United talized patients was reported at 22:1.5:1. A retrospec-

States [47] more than one million children sustain a
brain injury [17] and approximately one third of all
pediatric injury cases are related to brain injury ) [2].
Falls are also the leading cause of TBI in children ages

tive epidemiological study of an emergency department
database from the U.K. reports an overall incidence
rate of 453 per 100,000 for all TBIs; of these 40 per
100,000 (10.9%) were moderate to severe [83]. Males,

0—4years, and RTIs are the second major cause; amongurban residents, and children had significantly greater

children aged 4-14 however, RTI is the number one
cause of TBI [7]. For children aged 0-9 years, both

death and hospitalization rates were significantly higher
for blacks than whites for RTI-related TBIs [44].

There were 16,811 hospitalizations as a result of TBI
in Canada in 2003-2004, equating to 46 admissions
every day [11]. There were 1,369 head-injury related
deaths, representing 8% of the TBI admissions, twice
the rate of death in all other causes of traumatic injury
hospitalizations. Children aged 0-19 years accounted
for 30% admissions, followed by the elderly (60 years
and older). In Canadian children aged 0-19 years,
falls accounted for 40% of all TBIs, closely followed
by RTIs (39%) during 2002—2003. RTIs were number
one in groups aged 20—39 years and 40-59 years; with
falls and violence being the other leading causes of TBI

risk of presenting with moderate to severe head injury.
Prospective data from pediatric intensive care units in
the U.K. and Ireland between 2001-2003 showed that
5.6 per 100,000 children aged 0 to 14 years were ad-
mitted for TBI [64]. The commonest mechanism of
injury was RTI; time of injury peaked in the late af-
ternoon and early evening, independent of the day of
week. Highest mortality occurred in RTl-related TBI,
while requiring intensive care was found to be more
common in children from poorer backgrounds [65]. In
the UK, lowering speed limits has resulted in a 70%
decrease in child pedestrian crashes and a near halving
of crashes involving children on bicycles [79].

A childhood injury surveillance system in France re-
ported TBI to account for 10% of all injuries in chil-
dren less than 16 years [73]. A population-based study
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Table 2

Incidence Rates (per 100,000) of Traumatic Brain Injury Related Outcomes (Fractured Skull,

Short & Long Term Intracranial Injury) by Cause in the Latin American and Caribbean (LAC)

region (1996)

Cause Injury Sustained Incidence Rates per 100,000
Male Female Total
Road Traffic Accidents Fractured Skull 1.6 0.8 1.3
Intracranial Injury Short Term 231 95 163
Intracranial Injury Long Term 8.6 3.8 6.2
Falls Fractured Skull 2.7 14 2
Intracranial Injury Long Term 8.6 3.8 6.2
Other Unintentional Injuries Intracranial Injury Long Term 9.8 4.4 7.1
Violence Fractured Skull 1 0.2 0.6
Intracranial Injury Short Term 113.7 19.6 66.5
Intracranial Injury Long Term 5.7 1 3.3
War Intracranial Injury Long Term 1.8 1.3 15

Source: Global Burden of Disease Study [59].

in France during 1996—2001 describes an annual in-
cidence of severe TBI of 13.7 per 100,000 and mor-
tality of 5.3 per 100,000 [37]; fatality rates increased
from 20% in children to 71% in those over 75 years of
age. In Germany, 279,029 persons in a population of
82 million were admitted to hospital for TBI in 1996,
and TBI caused the deaths of 9415 persons for a mor-
tality of 11.5 per 100,000 [19]. A retrospective study
of children aged 0 to 17 years in a Swedish health care
region showed a mean incidence rate of 12 per 100,000
for TBI, with RTI causing 60% of TBI, followed by
falls (22%); although the incidence rate of TBl is low in
Sweden, TBI causes permanent functional impairment
in 6 per 100,000 cases every year [18].

Comparisons between regions of Europe showed dif-
ferences in the distribution of ages, causes of TBI, out-
comes, and several clinical characteristics in TBI pa-
tients in two concurrent randomized clinical drug stud-
ies of patients with TBI[33]. A database with validated

ducted in 1988 [76]; 62% of TBIs were mild, 20.3%
moderate, and 13.6% severe, while 3.9% died after hos-
pital admission. Severe TBI had an annual incidence
of 12 per 100,000, and road traffic injuries accounted
for a higher proportion of severe TBI compared with
other injury groups.

4. Burden of TBI in low and middle income
countries

4.1. Latin America and Caribbegh AC)

LAC consists of a large proportion of low to mid-
dle income countries with approximately 36% of the
region’s population living below the poverty line [48].
Studies stemming from Latin America regarding the
burden of TBI are limited. Incidence rates for TBI-
related outcomes from the 1996 Global Burden of Dis-

software tools has been initiated across 16 European ease Report [59] show the highest rates of intracranial

centers as part of an international network to provide
more standardized and higher resolution data collec-
tion mechanisms [63]. This effort may allow research

groups, organizations, and the industry to conduct mul-
ticentre trials of new health care technology in patients
with traumatic brain injury.

A retrospective medical record review in South
Australia, showed the incidence of TBI at 322 per
100,000 [32]. Causes, nature and severity of injury
were found to be comparable, with young males liv-
ing in the country showing the highest incidence, es-
pecially from RTI. Over 4,000 new case of TBI oc-
cur each year in South Australia and of these, over
1,000 will experience residual impairment. In New
South Wales, Australia an annual incidence of 100 per
100,000 was calculated in a retrospective review con-

injury following an RTI and violence (Table 1). The
disaggregation of data for this region by gender is high-
lighted in Table 2 showing that males demonstrate a
significantly higher rate than females for all cases. RTls
and their sequelae are becoming a significant health
problem in Latin America,; their causes are the focus of
recent research in the region [31]. This region has the
second highest rates for short term intracranial injury
as a consequence of violence; and violence is the prin-
cipal cause of death in Brazil, Columbia, Venezuela, El
Salvador and Mexico [9].

Data from individual countries provides additional
information on the extent of the burden of TBI in parts
of Latin America. The incidence rate for TBI in Sao
Paulo, Brazil was found to be 360 per 100,000 [16]
which is much higher than the overall incidence rate
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of 200 per 100,000 for developed countries [10]. A
study from Salvador City, Brazil which described the
characteristics of victims of TBI, revealed that 83%
were male with the most frequent age group being 21
to 30 years. The commonest cause was RTIs (41%)
however violence with or without weapons, was the
second highest cause (25%), closely followed by falls
(24%) [52]. Approximately 1,745 Mexicans are hospi-
talized as a result of TBI every year; males (68%) and
those aged 25—-44 years are more likely to be affect-
ed [8]. Trends in causes of TBI follow a similar pattern
with RTls and falls as the leading two causes (43% and
13% respectively) [8].

The causes of TBI amongst children in Latin Amer-
ica are highlighted in a study of 2,492 children where
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proportion of TBI caused by two-wheeled vehicles. In
Kashmir, India more than 50% of RTI occurred in the 4-

6 yrs age group and higher rates were seen among male
children with the average age of hospitalization being
16-24 yrs [74]. A substantial number of TBI occur
due to alcohol influence in Asia [15,29]; for example, a
recent review observed that 10—-30% of night time road
crashes, which involve severe injuries such as TBI, are
linked to alcohol [22].

In China, a recent study compared the incidence of
TBI in urban and rural areas with incidence rates of 55
and 64 per 100,000 respectively [84]. The respective
mortality rates in these settings were 6.3 and 9.7 per
100,000. In Taiwan, RTI (69%) was the major cause
followed by falls and assaults [84]; mild TBI was al-

33.5% were 0 -2 years, 43.8% between 3-9 years and so more likely to occur in unhelmeted riders of mo-

22.7% from 10-15 years [58]. Falls were found to be
the main cause of injury in children less than 3 years,
and RTlIs prevailed as the leading cause of TBl amongst
older aged children. An incidence rate of 566 pediatric
TBI cases per 100,000 and a corresponding mortality
rate of 4.65 per 1,000 TBI cases was reported; this in-
cidence rate is 2.97 times higher than the international
average [58].

4.2. Asia and Middle East

A case study from Yemen revealed a prevalence of
TBI of 219 cases per 100,000 (160 in adults and 480 in
children per 100,000 population).The dominant cause
of TBI was found to be “domestic” (which included a
vast array of causes including falls and violence) and
RTIs were the second leading cause [68]. A neurotrau-
ma study of patients admitted to a referral hospital in
Israel documented a crude incidence rate of TBI of 25.2
per 100,000 person-years. Almost twice this rate was
found at the two extremes of age, with falls resulting in
51%, RTls in 36% of TBIs [49].

The burden of all injuries in Asia is high with RTIs
and self inflicted injuries both within the top ten causes
of mortality in the region [26,35] RTIs are on the verge
of an epidemic in the region with 44% of the world’s
road deaths occurring in Asia. The annual incidence of
TBIs in India is estimated to be 160 per 100,000 with
a mortality rate of 20 per 100,000 [25]. These figures
are based on hospital TBI registration and translate to
nearly 1.6 million people likely to sustain TBI with
200,000 estimated deaths. In a recent epidemiological
study of TBIs, 59% were due to RTIls, 25% due to
falls, and 10% due to assaults [72]. Amongst various
studies from India [14,30,66,69] there was a higher

torbikes, especially in children [46]. Pediatric minor
head injuries are common in urban and rural areas in
Malaysia; however, urban-based TBIs are due to RTI,
whilst rural-based TBIs are due to other causes [12].
A hospital based paper studying a Viethamese pop-
ulation in Hong Kong gives a unique description of
head injuries sustained in a refugee camp setting [21].
There was an average incidence rate for TBI of 924
per 100,000 with a disproportionate number of chil-
dren aged< 12 years (50%), and the most common
cause being a fall from a bed. The authors noted that a
three-tiered wooden bunk bed made available to fam-
ilies in the camp was not safe for children and they
recommended that safety nets or railings should be put
in place [21].

In a four year prospective study (1995-1999) of
260,000 patients admitted to various neurosurgical cen-
ters in Pakistan it was observed that the male to female
ratio was 3:1. Mild, moderate and severe injuries were
observed in 52%, 30% and 18%, respectively. Surgi-
cal interventions were required for 32% and the over-
all mortality in the series was 18% [34]. In Yemen,
during 1998-2000, the prevalence of brain injury was
219 per 100,000 with rates among adults and children
being 160 and 480 per 100,000 population respectively.
The major causes were domestic accidents and traffic
injuries in 55% and 40% of cases respectively [68].

4.3. Africa

Most literature from Africa discusses head injury,
and not the more precise clinical entity of traumatic
brain injury; this makes literature from Africa diffi-
cult to use for intercontinental comparisons, as recent
studies from most industrialized countries address TBI
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more precisely. An added challenge is that most stud-  The leading causes of TBI in most of Africa are RTI,
ies are hospital based, with vaguely defined catchment violence, and falls. Nell et al. found that interpersonal
populations. This is compounded by the fact that ac- violence accounted for 41.5% of all nonfatal TBI, and
cess to health care services is poor in most of Africa, 36.4% of fatal TBIs in persons aged 15 years and over.
meaning that while the milder TBI go unreported and There was a wide variation between the races; for in-
untreated, the more severe ones may die before reach-stance while violence caused 51% of nonfatal and 47%
ing hospitals and thus do not get captured in health of fatal TBIs in African males, it only caused 10% of
statistics. Thus with data from mostly urban based sec- nonfatal and 19% of fatal TBIs in white males [62].
ondary and tertiary hospitals, the loss of information Many mechanisms of injury have been reported — strik-
happens at both ends of the severity spectrum. Final- ingwith blunt objects, stabs, use of firearms, and batter-
ly, there are no all-age incidence figures published on ing in children [5,40]. In the Johannesburg study, RTI
TBIin Africa; different rates have been published from  accounted for 69.6% of white male nonfatal and 40.5%
studies focusing on either adult or childhood TBI. of fatal TBIs, compared to 25.6% nonfatal and 41.5%
Ahospital based cross-sectional study in Nigeriathat ai5] TBIs in African males [62]. Adesunkanmi found

covered all ages for patients treated for trauma in the hat of the 17 pediatric head injuries with a GCS of less
emergency room found that 31% of all trauma deaths o g, fourteen were from RTI; the most serious TBI

were due to severe TBI [71]. Nell and others found
an adult & 15 years) annual incidence rate of 316 per
100,000 residents of Johannesburg, South Africa [62].
There was a wide variation among racial, sex, and
age groups, with African males aged 25—-44 having the
highest rate at 763 per 100,000. A study that focused

on children (aged less than 13 years) treated at a trauma

unit in Cape Town, South Africa found that 9% of the
children had TBI [40]. It should be noted that South
African society has a history of officially sanctioned
racial discrimination (apartheid) which was violently
enforced, leading to extreme disparities in income and
access to resources and social services, and high level
of violence; this makes it difficult to extrapolate these
results to other African countries.
Studies from Africa show two distinct peaks for TBI,

one in children below 10 years and the other in ado-

lescents and young adults [56,61]. Those aged 15-24

and 25-44 years tend to be involved in both violence

and RTI. The same patterns are seen in both nonfatal

and fatal TBIs. Odebode and Abubakar showed a clear
peak for head injuries due to RTI among the 6—10 year
olds, and a peak for head injuries due to falls among
those ages 2-5 years [63]. TBIs are a predominantly
male disease in Africa; Laloo and Van As showed a
male: female ratio of 1.4:1 in children aged 13 and
below. In young adults the ratio is much higher and
Muyembe and Suleman found an all age male: female
ratio of 5.69:1, but in children 5 years and younger the
ratio was 1.7:1 [61]. A study in South Tunisia found
that 89% of the patients admitted to the intensive care
unit with head injury were male [5]. In Durban, South
Africa, a study of civilian infra-tentorial gunshot in-
juries seen over a 14 year period found all patients to
have been male, with 80% of them being victims of
assaults.

S

tend to occur in pedestrians and those on two wheel-
ers [40]. Falls are an important cause of TBI, particu-
larly in young children [3,40,50]; most falls resulting
in TBI occur at home.

A study in the Gambia which defined children as be-
ing 14 years and below found that 16.2% of all pedi-
atric trauma admissions had closed head injury, and ac-
counted for 7.1% of hospital days [67]. Adesunkanmi
etal. (2000) studied Nigerian children 14 years and be-
low who had beeninvolved in road traffic crashas£
324) over a period of four years. Head injuries were
the leading specific injury type with 25.3% of injured
children having a Glasgow Coma Score (GCS) of less
than 13[4]. In Laloo’s study which looked at childhood
TBI, falls were the leading cause of TBI admissions
(41%), followed by road traffic crashes [40].

4.4. Country example: India

Rapid industrialization, urbanization, motorization,
economic liberalization and changing social environ-
ments are the hallmarks of new India in recent years.
The number of vehicles on Indian roads has increased
from 5.3 to 59 million during 1981-2002 [53]. The
complex interactions of human, vehicle and environ-
mental factors along with absence of safety environ-
ments and regulations has led to an increase of morbid-
ity, mortality, disabilities and social economic losses
from TBI in India. Recent national estimates reveal
that 850,000—1,000,000 persons are killed every yearin
Indiadue to aninjury; and the ratio of deaths:seriousin-
juries:mild injuries has been estimated at 1:15:70 [26].
Injuries are highly underreported in India due to the
varied nature of hospital and police reporting systems,
mix of public and private health care providers, medico-
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legal nature of injuries, stigma with regard to violence
and compensation issues.

Nearly one fourth of all injuries among hospital reg-
istered patients in India are TBIs. It is estimated that
nearly 2 million persons are injured and 200,000 die
due to TBI [25]. Studies of TBI have shown that men
in the 15-45 year age group and those from rural ar-
eas are involved in greater numbers in TBI. In a recent
TBI registry from Bangalore, it has been shown that
77% were young and middle-aged adults and 5% were
children; the male to female ratio was 4:1 [29]. RTIs
account for 45-60% of TBIs in different parts of the
country; pedestrians (30—-40%), motorized two wheel-
er occupants (40-40%), and bicyclists (5-10%) com-
prise the majority of victims [25]. The second leading
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jects at four months post discharge, it was observed
that 43% had different post-traumatic sequelae ranging
from headache to a wide spectrum of behavioral prob-
lems [27]. Arecent TBI registry shows that 18% of pa-
tients had various post-traumatic sequelae, major eco-
nomic problems, and poor quality of life at two years
post discharge [29]. Among 607 patients, 10% could
not continue their previous jobs, 8% reported them-
selves to be unfit for any work, nearly 25% had incurred
heavy expenditure, 48% reported loss of income, and
72% had to borrow money apart from selling their pre-
vious assets [29]. However, despite mounting deaths
and disabilities efforts towards prevention of TBI are
limited in India. There is an urgent need to implement
proven control measures such as safer pedestrian envi-

cause are falls occurring at home (staircases and top ronment, speed control, promote helmet usage, restrict

of buildings), playgrounds, agricultural sites (fall from
trees) and workplaces accounting for 20-30% of TBI.
Violence from blunt and penetrating objects is respon-
sible for an additional 10% of TBI and commonly seen
among young men.

Among risk factors for TBI, alcohol consumption is
a major one due to increasing availability of alcohol,

alcohol consumption, strengthen prehospital and acute
trauma care, and better rehabilitation programs.

5. Implications for research and control

The burden of TBI is manifest in all regions of the

greater purchasing power of people, and the absence of world, and is especially prominent in low and middle

defined regulations; with an estimated 70 million users,
India is facing a huge burden of alcohol related prob-
lems [28]. The mortality and disability rates among
those TBI under the influence of alcohol are nearly 1.5
to two times higher, resulting in higher extent of mortal-
ity and consequent disabilities [23]. Recent Bangalore
studies have shown that 16—25% of hospital registered
TBIs were under the influence of alcohol which also

income countries. Even in high income countries, TBI
management including intensive care, differs across
countries and best practices remain elusive. Access to
tertiary neurosurgical and rehabilitation units is limited
in rural environments and in the poorest regions of the
world such as Sub-Saharan Africa. It is estimated that
although over 80% of the world’s people with disabil-
ities live in LMIC, only 2% have access to rehabili-

poses major problems for diagnosis, management and tation services [36]. This lack of treatment and long

recovery [13,29].
The accessibility and affordability of emergency ser-

term care service calls for comprehensive rehabilita-
tive facilities based on trained manpower to enable and

vices is another determining factor affecting the conse- empower people affected by TBI to have a increased
guences of TBIs. Emergency care in Indiais more ofan quality of life. However, a detailed analysis of such
urban phenomena and studies [29,38] have demonstrat- care is outside the scope of this paper.

ed that absence of first aid, delayed transportationto a  The loss of life, the potential for life-long morbidity,
definitive hospital, absence of triage, and inappropriate and the social and financial implications makes TBI a
referral contribute to increasing severity and mortality pressing public health and medical problem. Develop-

from TBI. While there are reports of a decline in case
fatality rates from TBI in urban tertiary care hospitals

ing countries face a double-hazard with respect to TBI;
they have a high preponderance of risk factors for TBI,

due to improved [29], access to such services is beyond while at the same time they are the least prepared to ad-

the reach of most people in the country. In addition, ter-
tiary care in public hospitals is highly variable for TBI
and the country has only 800 neurosurgeons — nearly
all of them concentrated in urban areas.

Nearly one million persons would require rehabil-
itation services at any given point of time for TBI
consequences in India. In a follow-up of 425 sub-

dress TBI when they happen. Thus, both the incidence
of TBI and the case-fatality from TBI can be high and
devastating.

The quantity and quality of data from around the
world, especially LMIC, is far from ideal. Facility-
based data, small-scale studies, case-series of one di-
agnosis, and non-standardized approaches create chal-
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lenges for the development of an accurate epidemio-
logical profile for TBI. Data on TBI is not specifically
tracked at WHO although efforts are underway to im-
prove this situation [51]. In addition, there is a large
gap from most parts of the world in terms of data on
long-term sequelae, financial cost, and social impact of
TBI. Of particular importance is the need to address the
paucity of data with regards to childhood TBI, since
up to 75% of injured children admitted to hospital are
reported have sustained a TBI [41], and neurological
injuries result in more death and disability than all oth-
er pediatric problems combined. Yet despite this, the
importance of TBI in children is often neglected.

The efforts towards primary, secondary and tertiary
prevention of TBI have been far from satisfactory in
LMIC. There have been improvements in road design
and promotion of safety interventions such as seat belts,
motor cycle helmets, and child seats to reduce the num-
ber and severity of TBI [82]. Improvements in the de-
sign and construction of buildings, play areas and work
places along with improved parental and caregiver su-
pervision can reduce the number of falls among both
children and the elderly. Violence prevention measures
aimed at the restriction and availability of weapons has
provided positive results [80]. Improvementsin trauma
care with low cost solutions based on minimizing the
time interval between injury and care, triage, and effi-
cient hospital management can help to further reduce
the serious outcomes of TBI [54]. Tertiary prevention
with comprehensive physical, psychological and voca-
tional rehabilitation measures can reduce disabilities
due to TBI and consequently improve quality of life.

There are a number of organizations and institutions
involved in care, research and prevention of neurotrau-
ma such as the European Brain Injury Society, the In-
ternational Brain Injury Association, the Neurotrauma
Society, the International Association for the Study of
Traumatic Brain Injury and Rehabilitation Internation-
al. Clearly collaboration between such bodies with
clear leadership from an international organization such
as the WHO, is required. Joint programs between de-
veloped and developing countries should also be en-
couraged at both regional and national levels.

The public health approach to prevention of injuries
including TBI, focuses on identifying the burden and
risk factors, choosing prioritized interventions and eval-
uating the effectiveness of these interventions. It is
crucial to plan comprehensive TBI prevention, man-
agement and rehabilitation programs around the world,
especially in developing countries, that are evidence-
based. Such programs may involve many different op-

351

erational layers — research, policy formulation, public
and political education, publicity campaigns, legisla-
tion, changes in manufacturing practice, as well as en-
vironmental and system modification [79]. In order to
strengthen cooperation, research focusing on primary
prevention, emergency care and rehabilitative services,
should be promoted in collaboration with developed
countries with established research programs. Priori-
tizing and coordinating funds for the generation of ap-
propriate evidence and research is critical to meet the
need to promote evidence-based policy for TBI.
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