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Demographical profiles of adult
severe traumatic brain injury patients:
implications for healthcare planning

Lee KK, Seow W T, Ng |

ABSTRACT

Introduction: In Singapore, severe traumatic
brain injury (TBI) continues to be a major
public health problem and devastating
condition, with significant mortality and
morbidity. By understanding the incidence,
prevalence and implications of severe TBI in
Singapore, strategic plans to meet the unique
needs of these patients in the local context
may be developed.

Methods: The demographical profiles of
the adult severe TBI patients in Singapore
were studied in this retrospective review
of 528 patients admitted to the National
Neuroscience Institute (NNI) from January
1999 to December 2003.

Results: There were 420 male and 108 female
patients, age ranging from 15 to 96 years old,
with a mean and standard deviation (SD) of
44.6 £ 19.9 years, admitted to NNI during the
study period. Motor vehicle and fall-related
accidents were the leading causes of severe
TBI. Three high-risk groups identified were
young adults, elderly, and foreign workers.

Conclusion: Preventive measures targeting
at these high-risk groups are important to

reduce the incidence of severe TBI.
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INTRODUCTION

Trauma is the fifth highest killer in Singapore®
and the highest killer in adults under 40 years of
age. Traumatic brain injury (TBI), broadly defined
as brain injury from externally inflicted trauma, is
thus a major public health problem as it accounts
for one-half of trauma-related deaths in Singapore
and a further unquantified proportion of severe and
permanently disabled survivors. The loss of human
potential, the long-term impairments and disabilities

associated with TBI, had created a tremendous impact
on the family and cost society millions of dollars
each year. Direct costs include those due to initial
diagnosis and follow-up, treatment, and rehabilitation.
Indirect costs include societal losses secondary
to restricted or lost productivity. The physical and
psychological suffering from lifelong disabilities
endured by TBI patients and their significant others
are tremendous and the costs incalculable.

the TBI
programmes, increased knowledge in understanding

Over past decades, prevention
the pathophysiology of TBI and their applications
to reorganise healthcare infrastructure and expertise
to effect on-the-scene rescue, rapid transportation,
initial resuscitation in trauma-designated hospital
emergency departments, have improved the care of
patients with TBI. Improved treatment within the
“golden hours” and aggressive neurocritical care
management have led to increased survival from
injuries which would have been fatal previously. This
increase in survivors places a challenge to the healthcare
system to define more sophisticated treatment options
during the recovery period and the rehabilitative
services required by the brain injured persons.

data of the

demographical profiles of TBI is currently lacking.

Within the Singapore context,

Understanding the demographics will have an
impact on healthcare planning and the provision of
resources, and may help us meet the unique needs of
these patients and their significant others. With this in
mind, we studied the demographical profiles of adult
severe TBI patients in Singapore in a retrospective
review of these patients admitted to the National
Neuroscience Institute (NNI), which has the highest

number of severe TBI admissions in Singapore.

METHODS

The research design was a retrospective study using
a prospectively maintained severe TBI database of
patients with Glasgow Coma Scale (GCS) score
of 8 or less following non-surgical resuscitation
(endotracheal intubation, administration of mannitol,
and volume support), or a GCS score deteriorating to
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Table I. Demographical data.

No %
Gender
Male 420 79.5%
Female 108 20.5%
Ethnic group
Chinese 368 69.7%
Malay 64 12.1%
Indian 46 8.7%
Others 50 9.5%
Age group
0-20 44 8.3%
21-40 217 41.4%
41-60 137 26%
>61 130 24.6%
Nationality
Singaporean 389 74%
Non-Singaporean 139 26%
Table Il. Details of injury.
No %
Source of referral
Emergency department 399 75.6%
Regional local hospitals 118 22.3%
Neighbouring countries 11 2.1%
Location of accident
Home 78 14.8%
Street/highway 268 50.8%
Work/school 52 9.8%
Others 130 24.6%
Mechanism of injury
*MVA 244 46.2%
Fall from height 67 12.7%
Fall 163 30.9%
Assault 18 3.4%
Others 36 6.8%
MVA victims (No=244)
Driver of car/bus etc 19 7.8%
Motorcyclist 96 39.3%
Passengers of car/bus etc 14 5.7%
Pillion rider 9 3.7%
Pedestrian 85 34.8%
Bicyclist 21 8.6%
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Fig. | Number of yearly motor vehicle accidents admissions
from 1999 to 2003.
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* MVA: motor vehicle accident.

8 or less within 48 hours of head trauma. 528 severe
TBI patients with head computed tomography (CT)
evidence of TBI consecutively admitted to the neuro
intensive care unit (NICU) between January 1999
to December 2003 from the emergency department,

general ward or through inter-hospital transfer were

studied. Since 1996, a severe TBI protocol based
on the 1995 Guidelines on the Management of
Severe TBI® defining care paths from admission to
definitive care for the management of severe TBI
patients and discharge of patients has been used in the
NICU. The protocol emphasises the early detection,
prevention and aggressive management of systemic
insults (e.g. hypotension and hypoxia), as well as
aggressive cerebral perfusion/intracranial pressure
management in the intensive care setting®.
Demographical data, details of injury, presence
of hypoxia (defined as SPO2 <90) and hypotension
(defined as systolic blood pressure <90mmHg),
treatment details, length of hospital stays, discharge
disposition were collected and coded in the SPSS
software version 12.0 (MapInfo MapX™, MaplInfo
Corporation, Troy, NY, USA) and subsequently
analysed. Outcome of these patients was measured
using a dichotomised Glasgow Outcome Scale (GOS)
at six months post-injury. GOS 1 indicated death,
GOS 2 (vegetative) and GOS 3 (severe disability)
were used to indicate unfavourable outcomes,
while GOS scores of 4 (moderately disabled) and 5
(good recovery) indicated a favourable outcome®™.
This scale was chosen as it is widely accepted as a
standard means of describing outcome in TBI, and had
established validity and inter-observer variability®.

RESULTS

528 severe TBI patients with a median GCS of 7
and head CT evidence of TBI were admitted to the
NICU in NNI over a five-year period from January
1999 to December 2003. The demographical data of
these patients are summarised in Table I. Their ages
ranged from 15 to 96 years old, with a mean and
standard deviation (SD) of 44.6 + 19.9 years. The
majority of the severe TBI population was male. The
young and active (21 to 60 years old) constituted
67.4% of the cohort. 26% were foreign workers



from neighbouring countries, such as Bangladesh,
China, India, Indonesia, Malaysia and Thailand.
Most of the patients were admitted through the
emergency department, and the rest were transferred
from regional local hospitals and neighbouring
countries. Common mechanisms of injuries were
motor vehicle and fall-related accidents (Table II).
In the year 1999, there were a total of 67 motor
vehicle accident admissions. However, in the
year 2003,

(Fig. 1). Motorcyclists and pedestrians were the most

the number dropped to only 34

vulnerable group of road users. It is not surprising
that street/highway was the main location of accident,
followed by home, and work/school.

Comparison of mechanism of injury with age
group (Table III) revealed that in the >60 years age
group, falls occurred in more than one-half of those
(65%) who suffered TBI. Similarly, the leading causes
of mechanism of injury in the foreign worker groups
were motor vehicle (38%) and fall-related (42%)
accidents (Table 1V). It was however interesting to
note that 63% (42 out of 67) of the total incidence
of falling from a height in the severe TBI population
came from the foreign worker group.

Alcohol use was present in 12.5% of the total
severe TBI population where more than one-half of
them (51.5%) were
accidents. 22.2% of the severe TBI victims sustained

involved in motor vehicle

multiple injuries. Radiological-proven cervical
injuries were seen in 5.9% of all cases. Out of
the 54 patients who had hypoxia on presentation,
74.1% of them died, while of 55 patients who had
hypotension on presentation, 74.5% of them died.
The mean ICU stay was 4.7+4.7 days with mean
ventilation days of 4.3 (SD=+4.1, range 1-27 days).
The length of hospital stay was higher in the foreign
workers group, compared to the locals (Table V).
There was one foreign worker who stayed as long as
1,173 days before he was repatriated. Patients with
poorer outcome tended to stay longer in the hospital
(Table VI). On follow-up at six months post-injury,
36.7% had died, 12.1% had poor outcome (moderate
to severe disability), and 51.2% had good outcome

(slight or no disability) (Table VII).

DISCUSSION
Our results are consistent with other trauma
epidemiological studies conducted locally® and
internationally?®. Ethnic group distribution in our
TBI population was similar to that of the general
population in Singapore. The incidence of TBI
peaked in the young and active group (21 to 60
years old), and was more common in males. Much of

this gender and age difference may be related to their
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Table I1l. Comparison of age group with mechanism of injury.

Mechanism of injury Age group

<20 21-40 41-60 >60
MVA 31 (70%) 109 (50%) 69 (50%) 35 (32%)
Fall from height 5 (11%) 43 (20%) 16 (12%) 3 (1%)
Fall 6 (14%) 30 (14%) 43 (32%) 84 (65%)
Assault 0 (0%) 13 (6%) 2 (1%) 3 (1%)
Others 2 (5%) 22 (10%) 7 (5%) 5 (1%)
Total 44 217 137 130

Table IV. Comparison of nationality with mechanism
of injury.

Mechanism of injury Nationality

Singaporean Non-Singaporean

MVA 191 (49%) 53 (38%)
Fall from height 25 (6%) 42 (30%)
Fall 147 (38%) 16 (12%)
Assault 8 (2%) 10 (7%)
Others 18 (5%) 18 (13%)
Total 389 139
Table V. Length of stay.
Hospital stay Day range
Mean ICU Stay (Day) 47147 | - 34 days
Mean Hospital Stay (Day) 23.6+63.0 I1-1,173 days
Singaporean 20.5+28.8 1-206 days
Non-Singaporean 32.5114.6 I-1,173 days

Table VI. Comparison of outcome with length of
hospital stay.

Hospital stay Day range
GOS | (Dead) 82+17.1 | — 129 days
GOS 2 (Vegetative) 102.1+99.4 6 — 1,173 days
GOS 3 (Severe disability) 46.2+34.0 5 — 152 days
GOS 4 (Moderate disability) 32.5+23.2 3 — 114 days
GOS 5 (Good recovery) 14.1+13.8 3 — 84 days

Table VII. Outcome at 6 months post-injury.

No %
Dead 194 36.7%
Unfavourable 64 12.1%
Vegetative 33 51.5%
Severe disability 31 48.5%
Favourable 270 51.2%
Moderate disability 50 18.5%
Good recovery 220 81.5%




risk-taking behaviour. Motor vehicle accidents were
the main leading causes of TBI, although there was
a decreasing trend over the latter few years in this
TBI population. This trend is also evident in the
road accident statistics from the Singapore traffic
police™. This may be due to increased public
awareness about the importance of safety belts,
and massive public education about road safety and
drink driving. Motorcyclists and pedestrians were
the most vulnerable group of road users. Negligence
on the part of the motorcyclists, such as failing
to have proper control of their vehicles, speeding,
failing to keep a proper lookout were the likely
causes of accidents!'?.

The next common cause of TBI was fall-related
injury that mainly affected the elderly population.
This may be associated with cognitive impairment,
treatment with psychotrophic or antihypertensive
medicine in this group"". The elderly were more
likely to injure themselves in falls, and this had a
significant impact on the mortality and morbidity.
An earlier study by our group showed that elderly
persons aged 65 years and above with severe TBI
had a higher mortality as compared to their younger
counterparts'?. With the increasing ageing population
in Singapore, the number of elderly admitted for falls
might be expected to increase in the near future.

Currently, more than 450,000 foreign workers
from countries in the region, including Bangladesh,
China,
Pakistan, Philippines, Sri Lanka and Thailand,

India, Indonesia, Malaysia, Myanmar,
work in Singapore on work permits‘'®. The results
showed that more than one-half of the incidents of
falling from heights involved foreign workers at
work. In many cases, it is likely that these foreign
workers were new to high-rise building construction
and were less aware of the importance of protective
measures such as helmet and safety belts. Many
were not highly educated and came mainly from
rural areas in their own countries. It is also likely
that they might not understand or be familiar with
the road traffic regulations in Singapore, which
would explain why motor vehicle accidents and
falling from heights were the leading causes of TBI
in the foreign workers group.

Upon admission to hospital, alcohol consumption
was clinically evident in 12.5% of the patients. Use
of alcohol or other drugs can impair judgement,
diminish reaction time, and reduce neuromuscular
control, thereby increasing the risk of TBI!*!19,
Alcoholic intoxication at the time of diagnosis
hampers the assessment of the severity of brain injury
because of depression of the GCS score. As a result,
realistic clinical assessment may not be possible.
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Moreover, the concern is the impact of alcohol
on the accuracy of diagnosis, selection and
implementation of the therapy, and the eventual
outcome after TBI.

Prolonged ICU and hospital stays were common
in this cohort of patients as a result of the complexity
of the illness processes. Economically, huge costs
were incurred in the care of these patients!,
as management of severe TBI often required
significant systemic and neuro monitoring®!¢-19,
Several studies have highlighted that admissions
to an ICU are stressful for patients’ families and
that the number of equipment and lines attached
to the patients often shocked the families®2». The
sudden unexpected onset of severe TBI, coupled
with its unstable nature and the strong probability
of death, make the family members ill prepared to
handle the immediate crisis and to come to terms
with the critical illness and the months ahead. Many
studies identified specific needs of these families
and highlighted the importance of social support,
the need for hope and provision of accurate and honest
information about the patients’ condition to family
members by healthcare workers during this critical
period®°3?, With regard to the finding that foreign
workers have longer hospital stays as compared
to locals, this is possibly attributable to the lack of
caregivers, workmen compensation claims, as well
as to repatriation issues that most possibly prolonged
the length of hospitalisation.

It is obvious that survivors with poor outcome
require further definitive care and support. It is note
worthy that 18.5% of patients with good outcome,
but who have moderate disability, also required
further help. The
disabilities associated with TBI can be quite serious

long-term impairments and
and the full human costs are inestimable. These
disabilities, arising from cognitive, psychological,
sensory and motor impairments, frequently persist
for years following a TBI'® and often permanently
alter a person’s vocational goals and ability to work.
They have profound effects on social, economic
and family relationships®*3>37. Since TBI occurs
in a considerable number of young persons who
potentially have many years ahead and would be
expected to have a similar life expectancy as a
normal person, vocational outcome is important.
In a local study on the rehabilitation outcome
following TBI, it was found that only 25% of the
patients returned to work one-year post injury©®.

As TBI is largely preventable, public awareness and
prevention programmes targeting the high-risk groups
are of paramount importance. Awareness programs
can be incorporated into the school educational



curriculum to modify risk-taking behaviour among
the young. Fall prevention and home safety issues
in the frail elderly should be highlighted and
taught to the caregivers. Geriatricians and primary
healthcare providers, such as general practitioners
and nurses, play important roles in the education of
these groups of patients through regular educational
talks in hospitals, polyclinics or during their daily
contacts with the elderly and their caregivers.

Since a quarter of our patients are foreign
workers, considerable efforts to educate and conduct
safety awareness campaigns among the foreign
workers in their native languages may be useful in
highlighting potential dangers at work. They should
be taught safety drills and to inculcate good safety
habits at work. The foreign workers need to be
briefed on the dangers associated with high-rise
construction, living in high-rise buildings, and on
road safety regulation in Singapore. Organisations
such as the National Safety Council, Singapore
Construction Association, Housing Development
Board (HDB), and the Ministry of Manpower may
potentially play a critical role in ensuring the above.
The mandatory use of helmets and seat belts have
significantly reduced the incidence of trauma-related
deaths'. With stricter enforcement of speed limits,
more severe penalties for drink driving, jaywalking
and discourteous driving habits, the roads can be
made much safer.

The key to effectively manage families of TBI
persons during acute hospitalisation phase is early
assessment and appropriate intervention through
providing current and honest information about the
extent of the patient’s injury and prognosis, active
listening, facilitating flexibility in visiting, and
family conferences®37. A structured TBI education
program may be initiated to ensure healthcare
workers provide honest and reliable information to
the brain injured person and their significant others.
A specialised neuroscience-trained nurse equipped
with TBI knowledge would be a valued resource and
support to them and help reinforce understanding
and clarify misconceptions about TBI commonly
held by family members®®.

From the time of injury, psychological support
of the patient, family and significant others are
imperative during all phases of care. The families
affected need emotional support and information
to cope with their afflicted member who is now
different or disabled®*4*43) Referring the patients
and families to local support groups, such as
the Brain Injury Society (Singapore) consisting
of people who have been involved in one way or
another with the traumatic experience of TBI,
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may be helpful in the acute setting and even after
discharge from hospital. Early discharge planning
and identification of caregivers, together with a
structured caregiver training programme and support
from multi-disciplinary personnel, may help to
reduce length of hospitalisation especially among
those patients with expected poorer outcomes.

Managing foreign workers with TBI presents a
significant challenge that is normally not seen in
other health conditions locally. Limited insurance
cover, workmen compensation claims, problems with
consent and caregiver availability, and repatriation
of the patients, are issues that need to be carefully
looked into to facilitate early discharge planning.
Many severe TBI patients are young people who
are expected to survive for many years. Long-
term care of this group of patients is important.
Furthermore, the needs of their family will continue
to evolve as the brain-injured persons recover, and
return to the community. Their families may adjust
or fail to adjust to changes in the social, emotional,
and cognitive functioning of the patient®®.
Follow-up care to provide ongoing support in the
community, monitoring for medical complications,
behavioural and personality issues, social
reintegration, caregiver’s coping skills and return-
to-work issues may be facilitated through the use
of technology such as telephone, email and other
telecommunication devices.

The results in this study represent data from
one institution and thus may only represent the
tip of the iceberg. Development of new, more
effective, targeted strategies to prevent TBI and
continuation of initiatives with proven success
require ongoing, standardised surveillance of
TBI incidence, risk factors, causes, and outcomes.
Accurate assessment of the scope of the TBI
problems would be improved by the development
of a national TBI database to guide implementation
of prevention strategies locally. Improved data
of the

successful

about circumstances surrounding falls

elderly will assist in establishing
strategies to prevent falls in this high-risk group.
Future studies are also needed to look into the
long-term impact of severe TBI on survivors and
their caregivers.

Many TBI survivors are in the 21 to 60 year age
group. Specialised TBI services are needed to meet
the unique needs of the young population. Currently,
they shared the same rehabilitative and community
services as the elderly. The effectiveness of current
TBI service provision and those aspects deemed
important by TBI survivors and their caregivers

need to be explored as the placement of these



young TBI patients in the predominantly elderly-
orientated community services may not adequately
address the problems they face. Refinement of
preventive measures and regional trauma care
continue to be a challenge to healthcare professionals.
Preliminary findings of the local demographics
profile of severe TBI highlight pertinent issues that
will allow healthcare planners to better formulate
strategic TBI prevention programmes and establish
specialised services to address the unique needs of
TBI survivors and their family members.
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