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Abstract

Background: Traumatic brain injury (TBI) constitstea major health and socioeconomic
problem worldwide. It represents the greatest domtion to death and disability amongst all
trauma related injuries globally. TBIs are a legdoause of death and disability in Nepal,
despite improvements in safety regulations and emintation of strict drunk driving laws.
We describe the epidemiology of patients with T&@ldwing admission to our hospital. We
discuss the implementation of specific strategie®tiuce its incidence.

Methods: A retrospective cross-sectional study attigmts presenting to Annapurna
Neurological Institute & Allied Sciences (ANIAS), athmandu, with a TBI between
September 2018 to September 2019.

Results: 167 patients presented with a TBI. Thetrmosmmon age groups were under 15
years old and 15-25 years old, and the majorityewsale (73%). The commonest cause of
TBI was road traffic accidents (RTA) (59%). Drivergding motorcycles were the
predominant mechanism of RTA (38%). Helmet use 8&en in 57% of patients riding 2-
wheelers. Alcohol consumption was reported in 22%llopatients. Skull fractures were the
most common diagnosis. Most patients were manageskcvatively (84%).

Conclusion: TBI should be recognised as an impogablic health problem in Nepal. TBI is
responsible for a considerable number of neurosakrg@admissions to ANIAS. Our study
showed patients most vulnerable to TBI are youndesmainder 25 years old. The
implementation of stricter traffic rules and redidas, helmet law enforcement and public
education programs may be helpful in decreasingtimeber of TBI.

Introduction

Traumatic brain injury (TBI) is an acquired form bfain injury and is defined as ‘an
alteration of brain function or other evidence afilogy, caused by an external fotceBI
constitutes a major health and socioeconomic probl@ridwide. It represents the greatest
contribution to death and disability amongst aluma related injuries globalfyWhen
compared with the general population, TBIs are @ased with increased mortalignd
decreased life expectanty).

It is estimated that more than 69 million peoplehegear have a TBI, and approximately half
the world’s population are likely to have one orre@BI over the course of their lifetine.
The World Health Organisation (WHO) estimates 8G# of the deaths due to TBI occur in
low- to middle- income countries (LMIC), which ishere 85% of the population live.
Globally, the incidence of TBI in LMICs is increagi sharply. Despite this, there remains a
lack of research into its epidemiology. This istjgatarly true for Nepal, where studies on
TBI are scarce.

In Nepal, TBI represents one of the leading caudedeath and disability, where it is
estimated the incidence is 382 per 100,000, cordpaith a global average of 369 per
100,006® However, its incidence is likely an underestimdie to lack of motorable roads,
difficult geographical location and unavailability nearby trained personnel, meaning many
patients fail to present to hospital.



The majority of our knowledge on the epidemiology 81 in Nepal comes from descriptive
case series or cross-sectional single centre studimongst these injuries, RTAs and falls
represent the leading cause of TBI. In recent ygame has been a gradual increase in RTA
related TBI due to the surge in motorization anshuization in the countryAccording to a
hospital based study, amongst the 1056 patientsttadnover a 1 year period with a history
of TBI in eastern Nepal, 76% were due to RTA.

In recent years, the government has addressedsedaty in an attempt to reduce the burden
of RTA. They have focused on improving the roadasfructure, implementing stricter

traffic rules and regulations and introducing lawsforcing the use of helmets and
prohibiting drunk driving. Although these measuhase reduced the number and impact of
RTAs, there are, at present, lack of policies apdr@priate interventions to specifically

curtail and prevent TBI.

Given the lack of data in the literature and thewgng incidence of TBI, this study aims to
analyse the epidemiology of TBI by examining a pemgively populated database of all
patients presenting to one of the main neurosurgioapitals in Kathmandu, Annapurna
Neurological Institute & Allied Sciences (ANIAS)he& results from this study will also help
in guiding the implementation of appropriate inttions and in developing policy to reduce
the incidence of TBI in Nepal.

Methods

Setting
This study was conducted at ANIAS, Kathmandu, NepalIAS, which was established in

2009, is a 55 bed multi-speciality private hospaiatl one of the major neurosurgical centres
in Kathmandu. The neurosurgery department consift8 consultant neurosurgeons, 6

residents and several nurses and medical officEhe hospital itself has advanced

neuroimaging services including computed tomografij/), magnetic resonance imaging

(MRI), digital subtraction angiography (DSA) andratound scanning (USS). There are 3
operating theatres which run adjacent to each offie operating theatres are well equipped
with an operative microscope, neuro-navigation neébgy and intra-operative imaging. On

average the hospital performs 125 neurosurgicalabipas per month, equating to 1500 per
year.

Study design and data collection

In accordance with the Nepal Health Research CbuhRC), ethical approval was
obtained from the Institutional Review CommitteeR{) for this study. This is a
retrospective cross-sectional study on all patiarte presented to ANIAS with a history of
TBI between I September 2018 and" September 2019. This sample includes patients
living in Kathmandu as well as patients living emrote districts.

Patient lists were generated by searching the aatelCD-10 definitions of TBI in the

electronic patient records. Demographics of padiemtechanism and time of injury, type of
road, helmet and alcohol status, Glasgow Coma Ssadee (GCS) at presentation, CT
diagnosis, intervention, Glasgow Outcome Scale (J5&&®re on discharge and length of
hospitalization were collected. Sources of datduoted referral letters and imaging reports



from primary hospitals, emergency department regargpatient notes, discharge summaries
and clinic follow up notes. Data was recorded amalysed on &icrosoft Excel spreadsheet.

The sample size consisted of 167 patients. In guatients, (Venturini) (Venturini) data for
certain variables was unavailable. For each vajathle sample size and missing data are
reported, and the results are presented usingipigerstatistics.

Results

The age of patients ranged from 8 months to 92syeldrte mean age of patients was 32.1
years (SD +/- 21.32). The most common age grougaisursg a TBI were underl5 years old

(22%, n=37) and 15-25 years (22%, n=37) (FigureThere was a clear difference in the

patient gender, where 73% (n=122) were male and @7%b) were female.

RTAs were the commonest mechanism of injury (594899, followed by falls (32%, n=53)
and physical assault (9%, n=15) (Figure 2). OfRA&s, drivers riding a motorcycle was the
commonest category (38%, n=38). Vehicle-pedestr@alhisions accounted for the second
most common RTA (n=31). RTAs were most common i¥R%5ears (29%, n=28). This was
followed by the 26-35 years category (27%, n=2@j{Fe 3).

Of the motorcycle accidents, 43% (n= 21) of pasemére not wearing a helmet at the time
of injury, all of which were the passengers. Tdert of the 62 patients, however, had missing
data regarding the use of a helmet (Table 1).

Pitch roads were responsible for the majority ofABT(46%, n=44) (Figure 4). Gravel
accounted for the next commonest road conditiounltiag in 31 injuries (32%). The fewest
accidents occurred on slippery terrain (20%, n=dr8) on the highway (2%, n=2). Data on
road condition at the time of RTA was missing fqraients.

Falls represented a large number of TBI (32%).H@f33 cases, 39 (74%) were falls from a
height, and 14 (26%) were falling at ground leve¢ do walking on slippery terrain, tripping
or from patients under the influence of alcohohll$~were most common in under 15 years
old (n=22) (Figure 3). Those aged 46-55 and >@bBs/evere the next commonest group.

Of all TBIs, 22% (n= 34) of patients were under thuence of alcohol (Table 1). Alcohol
consumption was most common in 26-35 years (n=@)im RTAs (n=22) (Figure 5). Data,
however, was missing for 7 of our patients. MostslT&curred in the evening between 5pm
— 9pm (n=59). This was followed by the morningvwetn 5am- 12pm (n=47) (Figure 6).
The least amount of injuries occurred during thghthbetween 9pm- 5am (n=11) and in the
afternoon (12pm-5pm) (21%, n=32). We are, howawessing data for 18 patients.

Following injury, most patients presented with anami head injury of GCS 13-15 (84%,
n=141) (Table 1). CT findings were available for716f 167 patients. Many patients
presented with more than one diagnosis on CT head1@). The most common diagnosis
was skull fracture (29%, n=61), followed closely bgntusions (22%, n=47) (Table 2).
Traumatic subarachnoid haemorrhage (18%, n=38)saibdural haematoma (16%, n=33)
were also common findings on CT. Other pathologiekided extradural haematoma (12%,
n=25), diffuse axonal injury (3%, n=6) and intragfanal haemorrhage (<1%, n=2).



Conservative management was the most common treatioiéowing TBI (84%, n=140).
Operative management was undertaken in 16% (n=R@ases. Elevation of depressed
fracture was the most common surgical intervendibANIAS and accounted for 30% (n=8)
of all surgical procedures. This was closely fokaby craniotomy and evacuation of clot
(26%, n=7) and decompressive craniotomy (15%, n¥4nh patients discharged against
medical advice (DAMA). These patients were inigialieated conservatively but declined
imaging and further medical intervention.

GOS at discharge was available for 157 of 167 ptieEighty-four percent of patients were
a score of 5 and 7% were 3 or 4 at discharge (THblEour percent of patients had a GOS of
1: 1 patient died with a diagnosis of DAI, 1 witlADalong with contusions and a depressed
skull fracture, 1 with an extradural haematoma,ith & subdural haematoma and contusions
and 2 with an isolated depressed skull fracture.

Discussion

Understanding the epidemiology of TBI is fundamétdavards shaping public health policy
and implementing preventative strategies. Studesribing the epidemiology in Nepal are
limited. We conducted a cross-sectional study df patients presenting to ANIAS,
Kathmandu, Nepal, with a history of TBIl. Our pripal objective was to describe the
epidemiology and clinical characteristics of TBl@ir hospital and make suggestions of
specific strategies to reduce its incidence.

In our study, we found that the majority of patgeptesenting to the hospital with a TBI were
under 15 years old and between the age of 15-2%5 ydéh This pattern of high rates of TBI
in childhood and late adolescence has been showraity population-based studies in other
developing countries>™*3In contrast, recent studies from high income cdesthave shown

a shift in the population affected by TBI towarddes age group&**® The high incidence of
injury in the younger age groups in our study maytlp be explained by the large youth
population in Nepal where it is estimated that 5df%he population is under 25 years dft.
As this is the economically active group, this ¢eve a substantial effect on the economy
due to the loss of productive life years. Howeves, difficult to know the exact economic
impact in Nepal as the majority of TBI epidemiologitudies do not provide information
regarding the financial impact or the loss of prcidty.

Similar to much of the literature from both HIC aloélICs, males accounted for the majority
of all TBI.***"*8The predominance of head injuries amongst men eaexplained by the
different roles between genders in Nepal. Anectigtatales are more likely to drive, ride
bicycles and be involved in hazardous activitiesatldition, males are prioritised when it
comes to accessing health care, with females ha&ihgimes less access to health services
than males?® Therefore, the results from our study may not éeresentative of the true
incidence of females sustaining a TBI.

Nepal suffers a heavy burden of RTAs. RTAs rankhldmong the leading causes of
disability-adjusted life years and 12th among t#&ding causes of premature deaths in the
country?® In recent years, there has been a surge in matimizand urbanisation in the
country where around 40,000 new vehicles have hddrd to the roads each y&aHence,
among our patient population, RTAs were the predamii cause of TBI. Of all RTAs,
motorcycle accidents were the leading mechanisnnjofy. Similar to its neighbouring



countries, motorcycles are now the commonest médewasport in Nepal due to their low
cost and the predominance of narrow roads and hemwyestion?*3

Although the majority of RTAs were as a result aftorcycle accidents, vehicle-pedestrian
collisions represented the second most common meshaof RTA. The increase in
motorization and lack of well-constructed roadstpaths and absence of a proper system for
crossing roads in Nepal are factors putting peesrat risk. Public awareness campaigns
and infrastructure measures to separate road aserspedestrians may be of benefit to
protect individuals and reduce the number of RTAs.

Of the motorbike accidents, 43% of patients weranmg a helmet at the time of injury.
Interestingly, 100% of the helmeted patients wéaee drivers. This result may be explained
by the helmet legislation which states that it isnahatory for drivers to wear a helmet. For
those non-compliant, high penalties exist. In Neff@se fines can be up to 100 USD. Since
the introduction of the helmet legislation, thees libeen an increased use of helmets amongst
drivers of 2-wheelers. Although the results of hefinbegislation in Nepal have been
promising, other countries have struggled to achi®dng-term compliance. One factor
contributing to the reduced helmet usage is thedenalties for breaking the laf¥.

Helmet legislation in Nepal does not yet applyite passengers of 2-wheelers. Although the
outcome in unhelmeted patients in our study wasueable, given the high incidence of
RTAs and increased likelihood of passengers toasushjury, the legislation needs to be
challenged to include a provision making the uskebinets mandatory for all passengers.

With respect to alcohol use, 22% of patients sostgia TBI from RTA were under the
influence of alcohol at the time of injury. Drunkivdng is a well-documented problem in
Nepal where a previous study examining motorbiked®nts in Kathmandu reported that
21% of victims were under the influence of alcoffolAs a result of this growing problem,
the Nepal government introduced a strict drunkidgwolicy in 2012. The results from this
policy were promising, where two years after ittrdduction, the number of RTAs and
injuries decreased by 28% and 60%, respectivelore recently, the Nepal government
adopted a National Alcohol Regulation and Controlidy to reduce the availability of

alcohol and further address its burden.

Despite the strict enforcement laws, we reportrilmmber of drunk drivers in our study to be
rather high. Whilst the majority of patients hadand outcome at discharge, 3 patients were
left with minor neurological deficits and there we fatalities.

Several studies in Nepal have reported on the imglklence of paediatric head injury as a
result of falls?®?’ In our study, falls were most common under 15 yedd, accounting for
the largest cause of injury in this age group. predlominant mechanism was falling from a
height. Although the reason for this is not cléle, lack of safety measures in apartments is a
plausible factor. Many of the apartments have l@alcénies and windows without barriers
and combined with the lack of parental supervisamidren climb over the balconies, falling
multiple storey’s. Despite a large number of patedidead injuries and recommendations to
the government for the implementation of safetyibes, no preventative measures have yet
been instituted to curtail this problem.

Abusive head trauma (AHT) is a significant cause nodrbidity and mortality in the
paediatric population. The incidence of AHT is repd to be 20-30 per 100,000 child@&n.
Several studies analysing the epidemiology of egdihead injury have reported AHT as a



common mechanism of injuf?:* In our study, we had no documented cases of AHT.
However, given many of these cases are underdiagnos is possible AHT was a cause of
TBI in some of our paediatric group.

Most TBIs occurred during Kathmandu’s evening rashir between 5pm — 9pm (40%). A
large proportion of the RTA related TBI occurred mitch and gravel roads, accounting for
46% and 32% of injuries, respectively. In Nepak tlmad condition and infrastructure is
poor, with the volumes of vehicles increasing faitan the improvements in infrastructure.
The majority of the roads are narrow and of the5Z9kilometres available road network in
Nepal,r?olnly 12305 kilometres (42.20 %) road washlopped and the rest was gravel or
earther.

Skull fractures (29%) were the most common diagnésliowed by contusions (22%) and
subarachnoid haemorrhage (18%). Previous studidepal have reported similar findings
following a TBI3%*® However, much like in our study, these papers rbd specify the
diagnosis in relation to the mechanism of injutycduld be hypothesised that the increased
incidence of skull fractures, contusions and sutfaraid haemorrhage is related to the
mechanism of injury, given that motorcycle accideatcounted for the majority of TBI
admissions. Although helmets are protective agalimstt impact, they do not protect against
the shearing forces which results in SAH and cdahss ** Therefore, further analysis is
required to record the exact head injury type ®rtechanism of injury. This would help to
identify any relationship between the diagnosis tamedmechanism of injury and ascertain the
effectiveness of helmets at reducing certain hepaies.

Only six deaths were recorded in our study; theegfthe data set is too small to record any
conclusions about this group. Overall, most pasidrdd a good clinical outcome following
TBI. Eighty four percent of patients who were admittedour hospital had a mild GCS
(84%), and 92% of patients were discharged with@SCGof 4 or 5. It is reported that
outcomes following TBI are influenced by promptatient which focuses on the prevention
of secondary brain injury’. Although the majority of patients in our study e&ed primary
treatment prior to presenting to ANIAS, we howewdd not consider the time taken to
present to primary care nor the distance to a pyiroare hospital. Research to evaluate these
factors would help us understand any relationsbkigvben the time to primary treatment and
the clinical outcome.

Limitations

Limitations of this study were that the exact igjtype in relation to the mechanism of injury
was not recorded. Additionally, data for certaimiafles such as alcohol use, helmet use and
road type, were also missing for a number of p&iednly patients who had a sufficient data
set were included in our study. Similarly, thoseowdtesented to the outpatient’s clinic and
who were not admitted to hospital were not includ@itaining data for many of the
variables listed was often difficult due to lackaafequate data storage and the loss of patient
follow up. In the future, it would be beneficial tonduct research over a longer time frame
which would increase the sample size and enabte sse any changes in epidemiology and
clinical outcomes.

Conclusion



Our study provides an insight into the epidemiolagyd pattern of TBI in ANIAS. It
highlights that TBIs, particularly as a result obtorcycle accidents and fall injuries, are a
public health concern in Nepal. The high inciden€dBI in both the young (15-25 years)
and paediatric (<15 years) population should baligbted. TBI has the potential to result in
long-term disability, affecting cognition, behavicand motor control. As the economically
active population are largely affected, this hasubstantial economic impact on the
community due to the loss of years of productife li

Given the high incidence of RTAs, emphasis showdptaced on implementing stricter
traffic rules and regulations and on improving thad infrastructure to accommodate the
surge in motorization. Although efforts have be@edaled towards improving road safety by
introducing a drunk driving and alcohol regulatipolicy, this has been met with poor
compliance. The helmet legislation law has showanpsing results, however, this does not
yet extend to passengers of 2-wheelers. Considarafi a helmet policy for passengers is
necessary to encourage road safety and reducenfiaet of a TBI.

Another important finding from our study was thenification of a large number of fall
injuries in the paediatric population. Due to thigh prevalence, further research is necessary
to establish preventative measures to addressptbisiem. Public education designed to
improve adult supervision of children is one ardaclv can be explored to help reduce these
preventable accidents.

Raising the awareness of TBI and educating theigobl prevention methods would enable
patients to understand the importance of seekinty eaedical care and taking specific
measures to reduce the chance of head injury anguithis is an important future direction

towards reducing the health and economic burderB¥f in Nepal and engaging the

community in public health.
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Table 1: Patient Characteristics
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Table2: CT findings based on GOS
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Figure 1: Distribution of TBI presenting to ANIAS based on age (n=167)
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Figure 2: Mechanism of injury demographics at ANIAS (n=167)
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Figure 3: Mechanism of injury according to age of patients presenting to ANIAS (n=167)
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Figure 4: Frequency of RTA in relation to type of road
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Figure 5: Use of acohol according to age and mechanism of injury (n=34)
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Figure 6: Frequency of TBI according to the time of day



Abbreviations:

ANIAS: Annapurna Neurological Institute & Allied Sciences

CT:
DAI:
DSA:
GCS:
GOS:
LMIC:
MRI:
RTA:
SAH:
TBI:
USS:

Computed Tomography
Diffuse Axona Injury

Digital Subtraction Angiography
Glasgow Come Scale

Glasgow Outcome Scale

Low to middle income country
M agnetic Resonance Imaging
Road Traffic Accident
Subarachnoid Haemorrhage
Traumatic Brain Injury
Ultrasound Scan

WHO: World Health Organization
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