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Abstract: Traumatic Brain Injury (TBI) continues to affect millions of population around the globe on yearly basis.
TBI is responsible for about 50,000 deaths per year in United States of America. As per information from CDC
(Centres for Disease Control), the total number of TBI-related emergency out —patient visits, In-patient admissions
and mortality rates have increased in the decade 2001-2010. In US, according to recent CDC report, there is an
economic impact of about 80 billion$ due to TBI. TBI can be actively classified into mild, moderate and severe
based on GCS scale, permanent disability rate of 10%, 60% and 100% respectively and overall mortality rate of
20% to 30%. However, per person, the number of deaths related to TBIs has reduced during this same period ,
most likely because of increased awareness, better hospital infrastructure and management guidelines and
significant technological developments in current treatment modalities. Overall rates for TBIs are likely
underreported , considering percentage of TBIs that out reach medical attention .The highest rates of TBI is
observe to be in age-group:(0-4y) (15-24 y)and (>65 y). The leading two important causes of TBI are falls and
motor vehicle accidents. With an increase in number of TBIs, there seen to have a lower mortality rate due to
above mentioned strategies , but have an increasing morbidity rate with respect to their TBI.
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1. INTRODUCTION

Traumatic brain injury (TBI) is one of the most important cause for mortality and morbidity in patients. Clinically TBI is
classified based on severity into mild, moderate and severe. Among these, mild TBI is most common and usually due to
non-penetrating blunt head trauma which further leads to stretching and tearing of axons resulting in diffuse axonal
injury. Majority of mild TBI patients recover quickly but minority of them have persistence of symptoms called post-
concussive symptoms. With repeated concussive and sub-concussive impacts, it can end in a chronic neurodegenerative
inflammatory condition called chronic traumatic encephalitis (CTE).The primary impact is caused by the mechanism of
trauma like thrown out from a motor vehicle, pedestrian versus vehicle, fall from a height which cannot be reversed, so
most of the intervention modalities is focussed on reducing secondary impact by maintaining adequate blood pressure,
oxygen saturation thereby maintaining adequate cerebral perfusion pressure (CPP), which inturn responsible for
appropriate cerebral blood flow (CBF). The main goal in such situations is rapid diagnostic modality like neuroimaging
which inturn helps in rapid and accurate decision making regarding the management protocol like active neurosurgical
intervention (decompressive craniotomy) or observation in hospital with strict vitals monitoring or observation at home
with proper instructions should be given regarding what to observe , danger signs of worsening, signs of recovery and
when to follow up.
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2. METHODS

From systematic reviews of various relevant literatures in the Medline PubMed database by using keywords : traumatic
brain injury; TBI; Computed tomography angiography;management.

3. PATHOGENESIS

Traumatic brain injuries(TBI) can occur from both blunt and penetrating trauma .The most important and common causes
of TBI are Falls (35%) and motor vehicle collisions (17%) , in which motor vehicle accidents mainly contribute to
increase in fatality rate. The most lethal TBI is Gunshot wounds to the head . TBI pathophysiology is a complex
phenomenon as a result from primary and secondary injuries which can lead to temporary or permanent neurological
damange. The primary injury is directly related to the primary external trauma of the brain. The secondary injury usually
happens from minutes to days after the primary trauma and consists of a molecular, chemical and inflammatory complex
cascade resulting in further cerebral damage. “Monro-Kellie hypothesis™ states that total intracranial volume is comprised
of brain parenchyma(83%), cerebro spinal fluid (CSF- 11%), venous and arterial blood(6%). Under normal situation
cerebral blood flow (CBF) is maintained by cerebral autoregulatory mechanisms within a wide range of blood pressures
but when pressure of one compartment is increased( e.g, may be by a hematoma), there will be a compensatory reduction
in pressure in another compartment in order to balance intracranial tension thereby preventing increase in intracranial
pressure (ICP). Primary impact to the brain cannot be reverted and results in brain parenchyma destruction followed by
dysregulated cerebral blood flow (CBF) ,disturbances in metabolism with increase recruitment of inflammatory
mediators and free radicals results in breach in blood brain barrier(BBB) leading to oxidative stress and cerebral
vasospasm which ultimately lead to ischemia, hypoxia and worsening of the initial condition resulting in necrosis and
diffuse cerebral edema.

Department of Defense and the U.S. Department of Veterans Affairs in 2008 developed classification of TBI, but this
classification schema remains limited inspite of its great efforts because this symptom-based classification failed to
recognize the complex mechanisms of trauma, that comprises of contusion, neuronal, glial, axonal and vascular injury and
hemorrhage. Even proper history, mechanism of injury and complete physical and neurological examination still remain
very important for the diagnosis of TBI. Now a days, medical imaging also plays a key role for the assessment of severity
of TBI in both the clinical and research studies.

Mild Moderate Severe

Normal structural imaging Normal or abnormal structural | Normal or abnormal structural
imaging imaging

LOC=0-30min LOC>30min and <24h LOC>24h

AOC=a moment up to 24h AOC>24h; severity based on other | AOC>24h; severity based on other
criteria criteria

PTA=0-1d PTA>1d and<7d PTA>7d

GCS score=13-15 GCS score=9-12 GCS score=3-8

TBI, traumatic brain injury; LOC, loss of consciousness; AOC, alteration of consciousness/metal state; PTA, post-
traumatic amnesia; GCS, Glasgow Coma Scale.

4. RESULTS

““Comparative Effectiveness of Neuroimaging Modalities on the Detection of Traumatic Brain Injury’’,this is a report that
was prepared by government officials which included CT, MRI, TCD, PET ,electrophysiologic techniques
(magnetoencephalography [MEG], electroencephalography [EEG]), single photon emission computed tomography
(SPECT) and fNIRS, which is submitted to congress in 2011 aimed at finding best radiological biomarker of TBI by
comparing the efficacies of these mentioned 7 imaging modalities. A team of experters assessed the quality of these seven
modalities in clinic and research setting by reviewing more than 450 articles. As a result, experters concluded that these 7
neuroimaging techniques have high research utility and moderate to high clinical utility for the diagnosis and assessment
of traumatic brain injury, making correct choices between optimal medical and surgical intervention, also plays an
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important role in surgical surveillance and detection of late onset complications (MRI of moderate , CT and TCD of high
clinical utility for moderate and severe TBIs). There are various limitations for this report , which enable to draw
significant inferences such as

1) various definitions for mild, moderate, severe and very severe traumatic brain injury;
2) difference in hospital protocol,
3) Non-authorized research techniques .

The preliminary modality for diagnosing and treating traumatic brain injury in a sector is,firstly quick and efficient
neurological examination, followed by plain radiograph, fluoroscopy, CT and then MRI.

The medical care is categorised into 5 levels across militarily environment .
LEVEL 1: Immediate care by a medic in Army and Air Force or by a corpsman in Marines and Navy.
Imaging modality available is portable ultrasound
LEVEL 2: Battalion Aid Station.
Surgical Team with x-ray, ultrasound, sometimes fluoroscopy.
LEVEL 3: Combat Support Hospital.
Service related to CT and MRI are available, but it is limited to
moderate to severe TBIs.
LEVEL 4: Regional Medical Hospital.
LEVEL 5: State Medical Hospital.
5. IMPORTANCE OF COMPUTED TOMOGRAPHY IMAGING

Since 1970s, with the introduction of CT scanning, it has turned over and revolutionized the diagnosis and treatment of
TBI and with no doubt, it has saved numerous lives. CT scan utilises the narrow beam of x-rays traversing the skull bone
at particular controlled angles, hence it results in differential attenuation of these narrow x-rays by various structures of
human brain of varying electron density which provides the information for digital image reconstruction of those
structures under area of interest which further results in two-dimensional images called, “‘slices,”” or it can even
reconstruct to produce 3D volumetric images. The most common neuroimaging technique during the acute stage of
traumatic head injury is CT scan of head for the detection of skull bone fracture, subcutaneous hemorrhage, subarachnoid
hemorrhage(SAH), subdural hemorrhage(SDH) epidural hemorrhage(EDH), missile path , reminanats of missile, bone
and other foreign bodies. The most recent advances as multi-detector CT ensured the use of CT technique for rapid and
noninvasive scanning modality of cranial vasculature. Apart from its clinical utility, worries remain regarding its overuse
particularly in children with TBI and those with mild TBI. A study conducted by Livingston and his colleagues in 2152
patients presented to emergency department with mildTBI and Glasgow Coma Scale (GCS) score of 14 to 15,calculated
to have 99.7% negative predictive value for the basic intepretation of the CT head with the need for neurosurgical
involvement.

CT scanning is very important life saving neuroimaging modality in patients with GCS score<13 on presentation to the
emergency department with moderate to severe TBI, as it can rapidly identify whose require an emergent neurosurgical
intervention such as extra-axial or parenchymal hemorrhage, incipient herniation and midline shift . CT scan also pays a
primary role in detecting conditions that demand ICU monitoring such as small to medium-sized hematomas which has a
potential to expand subsequently, diffuse cerebral edema, traumatic subarachnoid and intraventricular hemorrhages that
can further result in hydrocephalus.According to the Brain Trauma Foundation guidelines (Guidelines for the
management of acute traumatic brain injury), initial CTscan findings are very important in deciding the intervention;

1)Extra-axial hematomas more than 30mL with mid line shift of greater than 5mm of midline shift and parenchymal
hematomas more than 20mL require active neurosurgical intervention in the form of craniotomy and aspiration.

2) Parenchymal hematomas with small to moderate-sized, traumatic subarachnoid hemorrhage and extra-axial
haemorrhages with small to moderate-sized are usually kept under observation in hospital and plan for a rescanning
within 24hrs, sometimes much earlier if there is a drop in GCS score of neurologic status, probably due to expansion of
hematomas.
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Contrast-enhanced CT(CECT) has a limited role in judging the severity ofTBI as it consumes more time and tiny
haemorrhages may not be visible. CECT angiography with mutidetector is very helpful in detecting traumatic vascular
injury, such as dissections,occlusions,aneurysms and pseudoaneurysms. Also who is at a higher risk for vascular
injuries—gunshot injuries, overstabbing injuries, basal skull fractures, neck trauma—CECT angiography helps to prevent
infarction by determining the best time for intervention. The calculation of images of cerebral blood flow (CBF), cerebral
blood volume (CBV) and mean transit time (MTT) along with CT angiography is possible with new image reconstruction
software provided by helical CT scanners. Especially in mild TBIs, CT head with out contrast is usually normal but
CECT can identify regions with reduced CBF,CBV and prolonged MTT,which can be further confirmed with magnetic
resonance imaging( MRI),however these have limited application in routine clinical setting,is more of research oriented.
Following a TBI, after initial resuscitation patient usually subject to a plain CT with respect to their injuries according to
triage. As per level 11 recommendations of Eastern Association for the Surgery of Trauma (EAST) suggests that , in acute
setting (patients with TBI) if CTscan is available and then consider obtaining it whereas if CT scan is not available and
then consider various criterias that determine the need for imaging obtained by the Canadian CT Head Rule and the New
Orleans Criteria.

6. MODALITIES OF CT SCAN IN TBI

CT scan is not sensitive for detecting diffuse axonal injury (DAI -diffuse microstructural white matter damage), which
forms the basis for almost all lethal mechanisms that occur in severe traumatic brain injury. It helps in identifying cases
which require active neurosurgical intervention but it is led useful in predicting the prognosis after intervention. Intial CT
scan can also miss patients with medium- or sometimes even large-sized intracranial haemorrhages which can be picked
up on an CECT.

It is very important for the treating doctor in Emergency Department to decide whetherptients with mild TBIs require
neuroimaging or not,in which noncontrast CT scan is the first choice of imaging. But very few patients (approximately <
10%) with mild TBIs have significant abnormalities detected on initial CT and rest of the patients have abnormalities of
negligible neurosurgical intervention. CT scan has potential drawbacks which include cost, risks of transporting patients
outside Emergency Department, improperly collocated imaging suit and exposure to ionizing radiation especially with
children due to risk of cancer. With the help of CTA in young patients with TBI resulting in hemorrhage in subarachnoid
cisterns and sylvian fissure attributed to aneurysmal rupture. Various studies have developed clinical criterias to help
physicians to decide to do a CT head for patients with mild TBIs and the two most important and frequently used criterias
are “New Orleans Criteria” and “Canadian CT Head Rule”.These criteria helps on understanding the sensitivity and
specificity in identifying clinically relevant TBIs. In 2008, the American College of Emergency Physicians (ACEP) and
the Centers for Disease Control and Prevention (CDC) published a clinical policy on various indications for head CT
scans in adults with TBIs( in annexure 1).In patients with good GCS score or no signs of skull fracture, observation in
hospital for 6 to 8 hours can be an alternative to CT Head. Some added risk factors may also interrupt in decision making
like deteriorating patients condition, alcohol intake, age less than 1 year because of difficulty in neurological examination
and may have an asymptomatic intracranial bleeding.Those patients with a normal GCS score, normal neurological
examination and accompanied by a healthy bystander strict observation at home first 24hours can consider another option.
About 20% to 30% of patients with significant abnormalities that is detected from initial CT Head has associated
significant morbidity rate. Incomplete recovery is always associated with injury to parenchyma. When the CT is normal,
then also there is minimal rate of incomplete recovery. Inadequate sensitivity of CT scanning is mentioned for DAI and
diffuse vascular injury. When the patients with TBIs get discharged from ED, proper instructions should be given
regarding what to observe(symptoms persisting more than 7days), danger signs of worsening, signs of recovery(usually
recover within 1 to 4weeks) and when to follow up. Adequate counselling about emotional lability plas an important role
in fastening the recovery and helps in reducing the psychosocial effects of TBls.

7. DISCUSSION

In moderate to severe TBIs , many high quality evidences conclude that CT scanning is highly sensitive to detect
intracranial haemorrhages that required neurosurgical intervention and can be life-saving but some high quality evidence
from certain literatures conclude that CT scan has limited usefulness in predicting the functional recovery of such
patients.

In mild TBI, few moderate quality evidences suggests that CT scanning is considered as less sensitive modality for the
evaluation of those who presented to emergency department. Because of various inbuild limitations of CT scan, certain
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blood neurobiomarkers has promised in successful detection of patients with mild TBIs who are at risk of developing
post-concussive persistant symptoms, long term morbidities and those who can be safely discharged without a CTscan.
Sadly, in day today clinical practice setting, CT scanning is misused and overused for patients with mild TBIs.

Annexure 1. Indications for CT Head in Adults with TBI

LEVEL A recommendation (generally has high degree of clinical certainty)
LOC or post traumatic amnesia with the presence of one or more of the following entities;
1.Headache

2.\Vomiting

3.Age>60 years

4.Drug or alcohol intoxication

5.Deterioration of short-term memory

6.Evidence of trauma above the clavicle

7.Seizure

8.GCS score<15

9.Focal neurologic deficit

10.Coagulopathy

LEVEL B recommendation (generally has moderate degree of clinical certainty)
LOC or post traumatic amnesia with the presence of one or more of the following entities;
1.Focal neurologic deficit

2.\Vomiting

3.Severe headache

4.Age >/= 65 years

5.Physical signs of a basilar skull fracture

6 GCS score<15

7.Coagulopathy

8.Mechanism of injury ( thrown out from a motor vehicle, pedestrian versus vehicle, fall from a height of > 3 feet or >5
stairs)

CT: Computed Tomography; TBI:Traumatic Brain Injury; LOC: Loss Of Consciousness; GCS: Glasgow Coma Scale.
8. CONCLUSION

In the situation of TBI, along with the traumatic causes, the nontraumatic causes like hypertension, cerebral amyloid
angiopathy, aneurysms, vascular malformation, and hemorrhagic infarcts should also consider while dealing with
intracerebral hemorrhage, but unfortunately the role of initial CT in evaluating these nontraumatic causes is still
controversial. Another study which aimed at evaluating the cerebral arterial compliance (cAC) in TBI with or without
intracranial hematomas (IHs) by using CT angiography. The results showed that cAC was reduced in both with or
without 1Hs(p<0.001) in which significant reduction was noticed in patients with IHs and one interesting fact concerned
with this study is that even after removal of IHs, the cAC of perifocal region still lower as compared to the cAC of other
zones of hemisphere. A study conducted by neurosurgery department of university of North Dokata found that whenever
a patient present with intracranial hemorrhage particularly subarachnoid hemorrhage(SAH) or intraventricular
hemorrhage whose GCS score is less than 9, the possibility of post traumatic vasospasm (PTV) should keep in mind and
careful vitals monitoring with CNS metabolism regulation plays an important role in preventing PTV. Because prolonged
PTV following TBI can result in delayed cerebral ischemia (DCI) which is very dangerous, can result in rapid
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neurological deterioration beyond the time frame of initial brain injury. The diagnostic modalities for PTV include digital
subtraction CT angiography- which is the gold standard along with certain PTV predictors like SAH, intraventricular
hemorrhage, admission GCS score of less than 9 and young age of less than 30years. A retrospective case-control study
revealed that use of CT angiography in addition to plain CT Head after blunt TBI doesnot alter the management and
should be avoided in the absence of clear indications. On ICU circulatory considerations, the recommendation of Eastern
Association for the Surgery of Trauma (EAST) suggests that all elderly patients on routine systemic anticoagulants
suspected of TBI should obtain a rapid CT head and also within 2hours after reversal of anticoagulants with fresh frozen
plasma(FFP) and vitamin K.

As a conclusion, TBI is one of the major cause of morbidity and mortality in both developed and developing countries,
various recommendations suggested by different associations need to consider while treating TBI. One of the life saving
neuroimaging modality is CT Head, inspite of its various limitations, still it is the gold standard in diagnosing TBI.
Management of TBI should consider: time of onset, duration, severity and mechanism of impact regarding TBI. Along
with the availability and necessity of CT Head plays a cornerstone in deciding the inpatient management with or without
neurosurgical intervention or an outpatient observation.
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