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Abstract

Introduction: Traumatic brain injuries (TBIs) are 1 of the most common reasons for young
adult death and disability. This study sought to provide novel data for TBIs in Southern
Punjab, as well as to identify any areas of service improvement to reduce the acute and
long-term burden of this condition.
Methods: A survey in English was created, which was then circulated to members of the
emergency and neurosurgical department for a 3-wk period.
Results: A total of 450 patients (379 male [84.2%] and 71 female [15.2%]) were included as TBI
admissions or attendances with a mean age of 28.9 y. Of the total, 420 people (93.2%) had expe-
rienced a TBI following a road traffic incident (RTI), with 78.7% (n= 354) of TBIs involving
motorbike users who were not wearing helmets. A total of 226 (50.1%) patients arrived by car to
the hospital, and 201 (44.7%) arrived by means of provincial government-funded emergency
ambulance services.
Conclusions: TBIs in Southern Punjab mostly affect younger males involved in RTIs while
riding motorbikes. Recommendations to reduce the acute and long-term burden of TBIs in this
region include formal training of all hospital and prehospital staff in the management of acute
trauma cases according to international guidelines and operating provincial government
emergency ambulance services in a wider geographic area.

Traumatic brain injuries (TBIs) are broadly defined as acquired, nondegenerative injuries to the
brain following the exertion of a mechanical force.1 Although the etiology and natural history of
such injuries are constantly under debate and review,2 TBIs are 1 of the most common causes of
mortality and morbidity,3 with the World Health Organization (WHO) reporting that TBIs are
the third leading cause of death and disability among young adults.4,5

Survivors of TBIs have to undergo long periods of rehabilitation and live with an incurable
and often devastating disability that places a strain on family and friend networks and, therefore,
society.6 A review by Finkelstein et al. attempted to quantify the total economic burden of TBIs
annually for the United States, placing it at $76.3 billion7 ($11.3 billion in direct medical costs
and $64 billion in indirect costs). This figure is likely to be higher for low- to middle-income
countries (LMICs),8 where there are increased incidence and higher mortality and morbidity
from TBIs.9

Detecting TBIs early and providing necessary acute interventions is crucial in limiting long-
term disability.10 The ability to do this is down to a range of factors, including appropriate radio-
logical imaging equipment,11 accessible ambulance services and hospitals,12 and adequate train-
ing of clinicians in prehospital care and trauma management.13

Pakistan is a low-income country with a population of over 200 million. Traumatic incidents
and injuries have been shown to be the 5th leading cause of disability in Pakistan,1 with estimates
of trauma-related injuries being over 6 million annually, equivalent to 45.9 per 1000 people.14

These figures are some of the highest relative to countries matched for economy such as Egypt
and matched for region such as Iran and Afghanistan.15 Pakistan also has a high prevalence of
TBIs, largely as a result of road traffic incidents (RTIs).16 Approximately 30% of patients
involved in RTIs in Pakistan experienced a traumatic brain injury, with 10% of these being clas-
sified as moderate or severe.17

Despite the significant burden of TBIs in Pakistan, there exists very few data about the
presentation and acute management of TBI patients. There have been recent efforts to charac-
terize the condition in the major cities, namely Karachi, Lahore, and Rawalpindi.18 However,
there currently exists no epidemiological data for the Southern Punjab region of Pakistan.
This poses a significant issue due to differences in this region compared with the aforementioned
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areas that have been previously studied. Southern Punjab is char-
acteristically more rural, with sparse road networks and limited
transport and neurosurgical services.19

Our study, therefore, seeks to understand the incidence, presen-
tation, and basic epidemiology of TBIs presenting in Southern
Punjab by examining the attendances of TBI patients at Nishtar
Hospital, 1 of the region’s 2 tertiary care centers. Nishtar
Hospital cares for a population of around 32 million people,
and until 2015 Nishtar Hospital had the only neurosurgical unit
in the area.4 We hope to delineate the presentation of TBIs at
Nishtar Hospital to provide novel data for TBIs in Southern
Punjab, as well as identify any areas of service improvement to
reduce the acute and long-term burden of this condition.

Materials and Methods

A cross-sectional study design was chosen by the authors to
achieve the main aim of this study. The site of the study was
Nishtar Hospital, a 1200 bed facility, which includes a 95-bed
neurosurgery specialty ward and an 8-bed neuro-intensive care
unit. A form (available in the Supplementary Materials) was
developed that collected the following pieces of data; age, gen-
der, mode of transport to the hospital, location of the injury,
time of injury, time of arrival at the hospital, cause of injury, pre-
hospital care received, multiple injuries, computerized tomogra-
phy (CT) scan taken, CT findings, Glasgow Coma Scale (GCS)
score taken, GCS findings, and team in charge of managing the
injury. These measures were chosen as they are thought to have
an impact on the prognosis of TBI as determined through a con-
sensus from clinicians at the selected hospital, clinical guidelines,
and a review of other similar studies and literature.9,20–22 Cate-
gories and structure of the survey form were also determined by
consensus from clinicians, other similar studies,9,20–22 and clinical
guidelines, namely Advanced Trauma and Life Support (ATLS)
and American College of Surgeons Traumatic Brain Injury
Guidelines.23 The study was reported according to the REporting
of studies Conducted using Observational Routinely-collected health
Data (RECORD) Statement available in the Supplementary
Materials.

All patients presenting to the hospital during the study period,
diagnosed as per hospital guidelines with TBI were included in this
study. We excluded all patients with a distance of injury> 700 km
and time delay> 48 h. Patient recruitment and data collection
occurred sequentially over 3 wk (May 1, 2016 to May 22, 2016)
at Nishtar Hospital. Patients were flagged for this study following
the diagnosis of TBI by doctors in the emergency department and
in the neurosurgery department (if they were directly referred there
from other hospitals). Cases were also collected from the pediatrics
unit in the hospital whose patients used a separate emergency
pathway.

The survey form was filled in by the doctor seeing the patient
and completed as the patient was assessed and treated in the emer-
gency or neurosurgical departments. The survey form was com-
pleted separately and in addition to the patient’s routine
medical documentation. Where information for the form was
required from patients, this was obtained by doctors translating
the form’s questions into Urdu and asking the patient’s accompa-
niers or, in some cases, where appropriate, asking the patients
directly. Patients or patients’ accompaniers were asked about the
location of the injury, and Google Maps (Alphabet Inc.,
Mountain View, CA) was used to determine distances to the hos-
pital from the location of the injury for every patient.

Following the 3-wk collection period, forms were aggregated,
and the data were analyzed. Data are expressed as mean (standard
deviation [SD], minimum-maximum range) or as frequency, as
appropriate. Frequency data were compared with the chi-squared
test, and confidence intervals were calculated with the Wilson-
Brown method. SPSS (v. 24.0, IBM Corp., Armonk, NY) was used
to analyze the data, and Excel (v. 2016, Microsoft Corp., Redmond,
WA) and Prism (v.9, GraphPad Software, San Diego, CA) were
used to produce tables and graphs.

TBI severity classification was done according to GCS score
severity. TBI severity may be classified according to CT scan score
as in the Rotterdam and Marshall Scores,24,25 by broad pathoana-
tomic classification, by broad etiology, or by injury progression.26

However, this study was a snapshot study; therefore, we used GCS
scores as the primary indicator of severity. Patients with a “mild”
injury had a GCS score of between 15/15 and 13/15, those with a
“moderate” injury had a score of between 12/15 and 9/15, and
those with a “severe” injury had a score between 8/15 and 3/15,
as per the scoring system of Teasdale and Jennet.27

Ethics approval for the study was received from the University
of Birmingham, United Kingdom, as the first authors were regis-
tered students there at the time of data collection. Localhost insti-
tution approval from the Department of Neurosurgery at Nishtar
Hospital was also attained. All data were collected in line with local
confidentiality procedures of which the study team was aware.
There was no interventional nature to the study. The majority
of the information collected was routinely collected in the assess-
ment and management of patients presenting with a head injury.

Results

In total, 468 patients presented to the emergency and neurosurgery
department with TBI during the 3-wk study period. Seven patients
were excluded because of a distance of injury> 700 km, and 11
were excluded because of a time delay> 48 h. Resultantly, there
were 450 patients (379 male [84.2%] and 71 female [15.2%])
who were included as part of this study. The mean age was 28.9
y (SD 14.1; range, 1.0-78.0 y), with 80 people (17.8%) experiencing
multiple injuries.

Mode of Arrival

Table 1 displays the “Mode of Arrival” of the patients. The 2 most
commonly used forms of transport were a car, used by 226 (50.2%)
people, and the provincial government-funded emergency ambu-
lance service known as the “1122 ambulance service” (due to the
need to dial the numbers “1122” on their mobile or telephone to
access the service), used by 150 (44.7%) people. Forms of transport
such as charity ambulances and arriving by motorbike or being
physically carried (which were included in the “Other mode” cat-
egory) were used minimally by 23 (5.2%) patients. There was a
stark contrast in the “Mode of Arrival” for TBI patients within ver-
sus outside Multan. Within Multan, which was defined as a 20-km
radius around the hospital, 85.2% (n= 150) of patients used the
“1122” ambulance service, whereas, outside Multan, 74.8% (n
= 190) of patients used a car to arrive at the hospital.

Delays From Time of Injury to Presentation

The mean delay from injury to the presentation at Nishtar was 2.9
h (SD 4.10; range 0.15-48 h), with Table 2 showing the major rea-
sons for delay for the cohort as a whole (n= 450). With outliers
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accounted for at the 95% level (n= 428), the mean delay dropped
to 2.4 h. The mean delay to presentation for those within Multan
(n= 176) was 0.9 h (SD 0.96; range, 0.15-6 h) with 106 people
(60.2%) of this population presenting to the hospital without an
“identifiable delay.”

Travel Distance

Mean travel distance to the hospital from the location of injury was
81.0 km (SD 92.2; range, 1-700 km) for the cohort as a whole (n
= 450), but with outliers accounted for at the 95% level (n= 428),
the mean travel distance was 70.8 km. For those withinMultan, the
mean travel distance was 9.2 km (SD 2.03; range 1-15 km). For
those presenting to the hospital who had “travel distance” as the
identifiable reason for the delay (n= 222), the mean distance of
injury was 133.5 km (SD 96.14; range, 10-700 km). Inside
Multan, 148 patients (84%) had a presentation time of less than
1 h.

Causes of Injury, Assessment, and Management

From the whole cohort (n= 450), 420 (93.2%) were involved in an
RTI, and of these, 356 patients (79.1%) presented after having a
motorcycle accident. Of these, only 2 were wearing a helmet at
the time of the accident. The remainder were as a result of falls
or assault (Table 3). Seventy-one patients (16.9%) presenting after
an RTI had multiple injuries, with 50 (14.5%) having “long bone
fractures” (Table 4).

C-Spine immobilization was not observed in any patients upon
their arrival at the hospital, and 37 (8.2%) patients presented after
confirming they had attended another hospital.

CT scans were conducted in 436 patients (97.1%); Table 5 out-
lines the major findings. CT scans were broadly defined pathoana-
tomically as diffuse (involving diffuse axonal injury [DAI],
infarction, hypoxic injury, edema, vascular events) or focal (involv-
ing subarachnoid hemorrhage [SAH], intracerebral hemorrhage
[ICH], epidural hematoma [EDH], axonal tears, skull fractures,
nerve avulsions). Table 5 also records the number of patients with
CT scans that went unreported (10-2.2%) and the number of
patients without CT scans (13-2.9%).

GCS score on arrival to the hospital was recorded in 413
(91.8%) patients out of 450 patients. A total of 232 (51.6%) of these
patients were classified as having a mild injury, 133 (29.6%) as
moderate, and 48 (10.7%) as severe. Thirty-seven patients (8.2%)
did not have a GCS score recorded on arrival at the hospital. Of the
patients without CT scans, 12 (85.7%) were classified as having
mild injuries, 1 (7.1%) had a moderate injury, and 1 (7.1%) did
not have a CT scan recorded (Table 6). Inside Multan (n= 176),
there were 108 (61.4%) patients with mild injuries, 37 (21.0%) with
moderate injuries, and 10 (5.7%) with severe injuries. Twenty-one
people (11.9%) did not have their GCS taken.

Discussion

This study aids in highlighting the challenge faced when tackling
TBIs in the unstudied region of Southern Punjab. Our results are
generally consistent with similar studies from other regions of
Pakistan in that we have found younger males involved in RTIs
are the main demographic of patients experiencing TBIs.16,18

However, the male to female ratio has been slightly higher in
our cohort of TBI patients as compared with other studies (6:1
vs 3:1),18 perhaps owing to more male users of the road and social

Table 1. Mode of arrival at the hospital

Mode of arrival

Whole cohort Within Multan Outside Multan

P-Value*N % (CI 95%) N % (CI 95%) N % (CI 95%)

1122 ambulance 201 44.7(49.3-40.1) 150 85.2 (89.7-79.2) 50 19.7 (25.0-15.3) <0.0001

Charity ambulances 16 3.6 (5.7-2.2) 2 1.1 (4.0-0.2) 13 5.1 (8.6-3.0) 0.0259

Car 226 50.2 (54.8-45.6) 18 10.2 (15.6-6.7) 190 74.8 (79.7-69.1) <0.0001

Othera 7 1.6 (3.2-0.8) 6 3.5 (7.2-1.6) 1 0.4 (2.2-0.1) 0.0137

Total 450 100.0 176 100.0 254 100.0

*Referred to the comparison within/outside Multan.
aOther mode of transports in the above table include motorcycle, public buses, and being physically carried.

Table 2. Reason for delay from time of injury to the presentation

Reason for delay

Whole cohort 95% Cohort Within Multan Outside Multan

P-Value*N % N % N % N %

Went to district hospital first 37 8.2 (11.1-6.0) 32 7.5 (10.3-5.3) 13 7.4 (12.2-4.4) 24 9.4 (13.6-6.4) 0.47

Driving distance 222 49.3 (54.0-44.7) 219 51.2 (55.9-46.4) 5 2.8 (6.5-1.2) 217 85.4 (89.2-80.6) <0.0001

Traffic 50 11.1 (14.3-8.5) 49 11.5 (14.8-8.8) 44 25.0 (31.9-19.1) 6 2.4 (5.0-1.1) <0.0001

Other 9 2.0 (3.8-1.0) 8 1.9 (3.6-0.9) 7 4 (8.0-1.9) 2 0.8 (2.8-0.1) 0.0233

No identifiable delay 111 24.7 28.8-20.9) 101 23.5 (27.8-19.8) 106 60.2 (67.2-52.3) 5 2 (4.5-0.8) <0.0001

Missing data 21 4.7 (7.0-3.0) 19 4.5 (6.8-2.9) 1 0.6 (3.1-0.1) 0 0 (1.5-0.0) 0.22

Total 450 100.0 428 100.0 176 100.0 254 100.0

*Referred to the comparison within/outside Multan.
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concerns about women presenting to hospital in this more rural
region of Pakistan. Also, we have found that the vast majority of
TBI patients have been injured whilst riding a motorbike and
not wearing a helmet (78.7%). We have also identified a significant

discrepancy in the delay to the presentation of patients arriving
from within versus outside Multan, as previously described.
Moreover, although there is debate as to whether GCS scores serve
as good predictors of condition severity in the immediate phase of
TBI,28 our analysis showed that there were more “severe” injuries
presenting at Nishtar Hospital than in other studies.16,18 There was
a noted disparity between severe injuries within versus outside
Multan. Of the patients arriving from outside Multan, 48.5%
(n= 123) had “severe” and “moderate” injuries based on GCS,
whereas only 26.7% (n= 47) of patients arriving from within
Multan experienced these. The high number of “severe” injuries
generally in this study is perhaps a product of the high number
of RTIs and the fact that patients arriving from outside Multan
were delayed in receiving medical assistance or instead chose to
go to other hospitals in the region that do not have any neurosur-
gical facilities likely contributes to the higher moderate-severe GCS
score severity for patients presenting from outside Multan.

In terms of identifying areas of improvement of TBI care, we
noted a more than expected inequality of access to urgent medical
care within versus outside Multan, reflected in the significant dif-
ference in the mean delay to the presentation (>4 h) at Nishtar
Hospital for patients presenting from within Multan versus those
presenting from outside of Multan. Indeed the “1122” provincial
government-funded emergency ambulance service does not oper-
ate beyond Multan metropolitan area; therefore, patients in
Southern Punjab are usually deprived of the ambulances’ ability
to bypass traffic and ensure more timely transfer to hospital (as
well as the immediate prehospital care and recognition of severity
the ambulances medically trained personnel can provide). Another
factor in the large difference in mean delay is the poor road net-
work in the more rural aspects of Southern Punjab, which some-
times only allow access for motorbikes or powerful off-road cars.29

These are both issues that should be investigated and addressed by
policy-makers, as even small delays to presentation have been asso-
ciated with worsened prognoses30 and significant emphasis in the
trauma literature regarding the concept of the “Golden Hour,”
which indicates that prompt medical and surgical treatment in
the initial stages of a traumatic injury can greatly reduce the risk
of death.31

Another interesting aspect of our study was that we found no
evidence of adequate prehospital care in patients, as defined by
ATLS or American College of Surgeons guidelines. Indeed C-
Spine immobilization in head injury patients is imperative until
any pathological findings can be ruled out on imaging according
to American College of Surgeons guidelines,23 yet we found no evi-
dence of any patient with C-Spine immobilization nor any patient
managed in the prehospital setting as per ATLS guidelines. This
could be due to the absence of “1122” ambulance service medical
records and clerking sheets, but also due to the chaotic presenta-
tion at hospitals, where patients are brought, bleeding and injured,
to the front door of the hospital instead of the emergency depart-
ment. There needs to be a more formalized system of presenting at
hospital and more focus on managing patients at the time of injury
to prevent adverse outcomes in accordance with internationally
recognized and evidence-based guidelines such as those produced
by ATLS or the American College of Surgeons.

Also, of note is that 86.4% (n= 389) of patients presented after
RTIs in cars (7.3%; n= 33) or motorbikes (79.1%; n= 356).
Although no official statistics exist, the large proportion of RTI
incidents involving motorbikes to some extent reflect that motor-
bikes are the primary mode of transport in Lahore, whereas this is
likely to be less of the case in more affluent cities such as Islamabad

Table 3. Causes of injury

Cause of injury N %

RTI: car-no seatbelt 29 6.4 (9.1-4.5)

RTI: car-seatbelt 4 0.9 (2.3-0.3)

RTI: motorbike-no helmet 354 78.7 (82.2-74.6)

RTI: motorbike-helmet 2 0.4 (1.6-0.1)

RTI: pedestrian 29 6.4 (9.1-4.5)

RTI: other 2 0.4 (1.6-0.1)

Fall: from stairs 7 1.6 (3.2-0.7)

Fall: from rooftop 8 1.8 (3.5-0.9)

Fall: from balcony 3 0.7 (1.9-0.2)

Fall: other 9 2.1 (3.7-1.0)

Assault 1 0.2 (1.2-0.1)

Other 1 0.2 (1.2-0.1)

Not recorded 1 0.2 (1.2-0.1)

Total 450 100.0

Table 4. Nature of multiple injuries

Nature of injuries

Whole cohort After RTI

N % N %

Facial trauma 9 2 (3.7-1.1) 9 2.1 (4.0-1.1)

C-Spine injury 4 0.9 (2.3-0.3) 2 0.5 (1.7-0.1)

Long bone fracture 55 12.2 (15.6-9.5) 50 11.9 (15.3-9.1)

Thoracic injury 9 2 (3.8-1.1) 9 2.1 (4.0-1.1)

Internal bleeding 1 0.2 (1.3-0.1) 0 0.0 (0.9-0.0)

Other 5 1.1 (2.6-0.5) 4 1.0 (2.4-0.4)

No other injury 367 81.6 (84.8-77.7) 346 82.4 (85.7-78.5)

Total 450 100.0 420 100.0

Table 5. CT scan findings

Broad
classification CT scan finding N %

Focal EDH 85 18.9 (22.7-15.5)

SDH 26 5.8 (8.3-4.0)

Traumatic SAH 22 4.9 (7.3-3.2)

Skull fracture 13 2.9 (4.8-1.7)

Depressed fracture
of the skull

41 9.1 (12.1-6.8)

Diffuse Deep seated contusion 2 0.4 (1.6-0.1)

Contusion 95 21.1 (25.1-17.6)

DAI 107 23.8 (27.9-20.1)

Brain edema 20 4.4 (6.7-2.9)

CT scan not taken No finding 16 3.6 (5.7-2.2)

Not taken 13 2.9 (4.9-1.7)

Not reported 10 2.2 (4.0-1.2)

Total 450 100.0
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or Lahore. This has several impacts on the frequency of TBI as well
as GCS score severity. It was also interesting to note that 85.1%
(n= 383) of patients presenting after RTIs in cars or motorbikes
were not wearing seatbelts or helmets as precautions. Most notably,
354 (78.7%) cases of TBI were caused by an RTI involving a motor-
bikewhere no helmetwasworn. Although there is a financial penalty
for not wearing helmets in Pakistan of around 200 rupees (£0.94;
$1.25), this is largely unenforced. General attitudes to helmets are
mixed, with many patients forgoing their usage for comfort in the
summer months when the temperature regularly climbs to 45°C.
Other reasons include poor education about the dangers of not wear-
ing a helmet and economic reasons. A helmet costs upward of 2000
rupees (£9.40, $12.54), almost 10% of the cost of a motorcycle, and
this is a cost some do not want to bear. This is an area we encourage
policy-makers to investigate, as helmet use reduces the incidence and
markedly improves the outcomes of TBIs.32

There may have been some weaknesses in this study when col-
lecting data, either in the translation and understanding of the
form’s questions or through ticking the wrong boxes. It was not
always clear to the patients the time of the injury, and this was often
estimated; even when patients’ accompaniers responded, this was
often guessed. With regard to prehospital care, there were no for-
mal clerking records to indicate whether patients had received any
care. In terms of CT scanning, the findings may have been skewed
as a result of junior interpretation. In further studies that are
slightly longer, patients should be tracked to ascertain mortality
and to understand whether there are adverse outcomes for differ-
ent cohorts of patients. Moreover, the mortality of those patients
presenting from within Multan, those who have access to the
“1122” provincial government emergency ambulance service,
and those from cities outside Multan should be analyzed. As men-
tioned earlier, TBI care is known to be “time-sensitive,” and it is
imperative for patients to seek immediate medical care. Last, it
would be interesting to perform this study in autumn or winter
months when the temperature is cooler, and perhaps motorbike
users are more likely to be wearing helmets.

Overall, we believe that, although the results of this study can be
generalized to some extent to Southern Punjab and other similar
regions, we believe it is only the beginning of an evidence base and
larger, multicenter studies taking into account the limitations above
are needed to fully delineate the burden of TBI and necessary steps
for limiting this burden in Southern Punjab and similar regions.

Conclusions

This study demonstrates the challenges faced by emergency ser-
vices in managing TBIs and further shows the unique pressures
faced by a single center treating head injuries for a large geographic
area. Our study found that TBIs affect a young cohort (mean age,

28.9 y), predominantly as a result of RTIs (93.2%), with the major-
ity of participants (79.1%) not wearing helmets. We also identified
that the majority (56%) of participants traveled to the hospital
from outside Multan, and poor ambulance coverage of these areas
and poor road networks lead to significant delays in presentation
(mean a delay for all patients was 2.4 h with outliers excluded).
Overall, it is clear that significant clinician level and wider govern-
mental policy level changes are needed to reduce morbidity and
mortality. These include raising awareness of the hazards of not
wearing helmets when riding motorbikes, training of all prehospi-
tal staff in ATLS protocols, and widening the provincial govern-
ment-funded emergency ambulance service beyond city limits.
Moreover, as poor road networks were the leading cause of delay,
local government should strive to improve road quality, which will
reduce time to presentation. Whereas mortality data were too dif-
ficult to collect due to poor use and implementation of identifica-
tion tracking systems; it must be an avenue for future research to
fully characterize the long-term burden faced in the area as a result
of TBIs.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/dmp.2021.361
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