The role of computed tomography as
a prognostic tool in traumatic brain
frauma

Traumatic brain injury (TBI) is a critical public health problem. It represents one of the most important medical-
surgical pathology worldwide. The occurrence indicate that this kind of injury cause a large number of deaths and
impairments leading to permanent disabilities, that is why is necessary to triage the patient and identify the injury
extension. Imaging has become a significant tool not only in the diagnosis of patients with TBI, but also as a patient
outcome predictor. This review of literature provides evidence of the current state of TBI imaging as to what is
considered to be the indications, benefits and limitations of computed tomography (CT).
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Introduction

Traumatic brain injury (TBI) is defined as any
structural skull traumatic injury with alterations
of cerebral physiology as a result of an external
force either in the form of mechanical energy,
chemical, electrical or thermal heating [1].

The annual incidence of TBI in the United
States is frequently stated to be 200 cases per
100,000 people [2]. In low- and medium-
income countries, burden of disease is quite
high and the few available data do not identify
the extent of the problem [3].

Brain imaging is crucial in the attention of
patients who suffer traumatic brain injury.
Computed tomography (CT) is recommended
for the initial assessment in the emergency
services. It provides information and diagnosis
to identify the need of surgery, but it also helps
in the following of the patient and the evolution
of pathology. Research suggests that CT can be
used to predict patient outcomes. [4,5].

Many classifications have been proposed
to predict clinical outcomes among patients
with traumatic brain injury using computed
tomography, however there are still limitations
to find the best tool to perform an accurate
prognosis [6].

Therefore, this review aims to assess the
current literature on the role of Computed
tomography and the classifications available to
predict outcome in traumatic brain injury.

Methods

A literature search was performed in October
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25 using PubMed and EMBASE databases. Search
terms used included “craumatic brain injury”
and “computed tomography” and “prognosis”.
Search was filtered for articles in English, on
human subjects and published in the last ten
years. Articles were assessed based on information
gleaned from the titles and abstracts initially. If
they seemed appropriate for the purpose of this
review, complete articles were obtained for further
assessment. References from these selected papers
were also examined to identify any article which
could be included in this study.

The main inclusion criteria were the used of
computed tomography in traumatic brain injury,
clinical findings and outcome. Studies included
must have clearly definition to determine
diagnosis and prognosis in TBI by imaging.
Abstracts, case reports, molecular studies, and
neurologic or psychiatry comorbidities like
dementia were excluded.

Results

Based on the search terms mentioned before,
45 papers were initially identified. Twenty
papers were selected for further scrutiny of their
titles and abstracts. Upon further scrutiny, only
12 studies met the inclusion criteria of this
study. (FIGURE 1) illustrated the flow of paper
selection based on PRISMA guidelines.

The studies characteristics are name in
(TABLE 1), taking into account the title, the
name of the author, year and study purpose.

W History of computed tomography

The development of CT is the result of the

observations and theoretical correlations of
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Figure 1. PRISMA flow diagram.

many men throughout history, from Democritus
reaching ComarcKs ideas, until Hounsfield’s
advance of a practical device in the late 1960s [19].

The first clinical CT on a patient took
place on October 1971 at Atkinson Motley's
Hospital. An English woman with a suspected
frontal lobe tumor was scanned with a prototype
scanner, which produced an image with an 80
x 80 matrix, taking about 5 min for each scan
(FIGURE 2) with a similar time required to
process the image data [20].

CT device consists of a tube that emits
X-ray, which passes through the patient and
impresses the detectors on the opposite side.
The attenuated radiation that is received will
be the attenuation coefficients or "densities"
of the tissues, which will be interpreted by the
CT device as Hounsfield units (UH). This range
of attenuation varies between gray, from white
(hyperdense) to black (hypodense); CT device
can identify more than 2000 shades of gray,
while the human eye only 30 shades [21,22].

Current CT scanners can produce images
with a 1024 x 1024 matrix, acquiring data for a
slice in less than 0.3 s and are an integral part of
a modern hospital's imaging resources.
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Figure 2. The first clinical scan: Atkinson Morley's
Hospital, October 1971.

Crania CT allows to evaluate the tissues
with very good resolution (FIGURE 3), even
though there are some difficulties at the base
of the skull, due to the artifacts generated by
the bone tissue in the posterior fossa, which
can be observed as hypodense bands, projected
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Title

Imaging brain trauma

Structural imaging of mild traumatic
brain injury

May not be enough: overview of
functional and metabolic imaging of
mild traumatic brain injury

Imaging evaluation of acute traumatic
brain injury

Current and future diagnostic
tools for traumatic brain injury: CT,
conventional MRI, and diffusion
tensor imaging

Emerging imaging tools for use with
traumatic brain injury research

A systematic review of factors
contributing to outcomes in patients
with traumatic brain injury

Imaging for the diagnosis and
management of traumatic brain injury

Outcome of patients with severe
head injury after decompressive
craniectomy

Classification and prediction of
outcome in traumatic brain injury
based on computed tomographic
imaging

Prediction of outcome in severe

traumatic brain injury

Predicting outcome after traumatic
brain injury: practical prognostic
models based on large cohort of
international patients

Imaging of traumatic brain injury

Authors Year
Josh et al. [7] 2010
Samuel et al. [8]
2017
Christopher et al. 2016
[9]
David et al. [10] 2015
Jilletal. [11]
2012
Kim [12] 2010
Kim et al. [13] 2011
Lemcke et al. [14] 2010
Zhu et al. [15] 2009
Menon and Zahed
[16] 2009
MRC CRASH Trial
Collaborators [17] 2007
2015

Uttam et al. [18]
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Study purpose

Review recent advances in neuroimaging and discuss how they
are

Helping to address these fundamental gaps.

The use of functional and metabolic imaging modalities can
provide information on pathological changes in mild TBI patients
that may not be detected by structural imaging.

Each modality’s advantages and disadvantages are compared,
and potential future applications of using combined modalities
are explored.

Review the current state of TBI imaging including its indications,
benefits and limitations of the modalities, imaging protocols, and
imaging findings for each these pathoanatomic entities.

The review is divided up into assessments based on specific goals,
rather than based on scan modalities. It is not meant to supplant
but rather to supplement the authoritative previous works on
this topic.

This article identifies emerging neuroimaging measures
considered by the inter-agency Pediatric Traumatic Brain Injury
(TBI) Neuroimaging Workgroup. This article attempts to address
some of the potential uses of more advanced forms of imaging
in TBI as well as highlight some of the current considerations and
unresolved challenges of using them.

Review systematically factors contributing to outcomes in
patients with traumatic brain injury.

Both CT and MRI can be used to prognosticate clinical outcome,
and there is particular interest in advanced applications of
both techniques that may greatly improve the sensitivity of
conventional CT and MRI for both the diagnosis and prognosis
of TBI

Decompressive craniectomy is an operative option for the
neurosurgeon in cases of generalized traumatic brain edema.
While the outcome of patients after decompressive craniectomy
is often poor, we tried to identify predictors of a favorable course
of the injury through GOS, CT and MRI.

Classifications based on the presence or absence of intracranial
local lesions, diffuse injury, signs of subarachnoid or
intraventricular haemorrhage and fractures or foreign bodies
are considered, and their predictive value is discussed. Future
studies should address the complicated issue of how optimally to
combine CT characteristics for prognostic purposes and how to
improve on currently used CT classifications to predict outcomes
more accurately.

Prognostic models for predicting outcome after severe traumatic
brain injury (TBI) may be useful in several areas. However,
established risk prediction models for general critical illness show
significant limitations in neurotrauma.

To develop and validate practical prognostic
models for death at 14 days and for death or severe disability six
months after traumatic brain injury.

CT is the initial diagnostic test in TBI. Conventional MR imaging
in the acute phase is used as a problem solver when CT does not
explain the neurologic deficit.
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Figure 4. Artifices in crania TC.

on the cerebellum. Other kinds of artifacts
are due to patient movement, variations of
volume or presence of metal, which can cause
difficulties in diagnosis and lend themselves to
misinterpretation, confusing these devices with
images of hemorrhagic lesions (FIGURE 4).

M The use of CT in TBI

TBI represents a dynamic process with
primary parenchymal damage from the moment
of impact followed by a systemic response that
involve local effects like hypoxia, hypotension,
hypercarbia, brain swelling that combine lead to
secondary brain damage [1].

Once determine the clinical state of the patient
provides by the Glasgow Coma Scale (GCS)
(TABLE 2), it is necessary to assess the type of
injury and its extension using brain imaging
[23]. The image recommended for the initial
assessment of TBI in emergency services is crania
CT. This must be requested in its two windows
(bone window and tissue window). Currently,
available technology allows TC scan in a few
seconds, with cross-sectional, coronal, multi-
planar and three-dimensional reconstructions.
In patients with fronto-ethmoidal fractures, it
is important to request coronal sections of the
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bone window if it is possible to position the
patient for these. The crania CT provides a large
amount of information and it has sensitivity
for detection of acute hemorrhagic lesions for
surgical intervention, as long as it is used in a
rational way under the indicate circumstances

[24-20].

Volume measurement is a determining factor
for the management of intracranial lesions [27];
because of emergency surgery decisions are
made for each type of collections or for cranial
decompression surgery to control cerebral
edema.

Volumetric measurements are performed by
the CT software and for its application use the
following points (FIGURE 5).

1. Identify slice where the lesion with the
largest diameter is evident.

- A=Larger diameter of the lesion.

- B=Larger diameter measured at 90°
from the previous diameter in the same
section.

- C=Number of sections of 1 cm where
the lesion is evident. (Cuts larger than
lem are usually made by technical
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Eye opening response Verbal response

Motor response

4: Spontaneous 5: Oriented 6: Obeys commands
3: To verbal stimuli 4: Confused 5: Localizes pain
2: To pain 3: Inappropriate words 4. Withdraws from pain
1: None 2: Incoherent 3: Flexion to pain or decorticate
1: None 2: Extension to pain or decerebrate

1: None

Figure 5. Acute epidural hematoma in a crania CT, it shows the larger diameter (A) and its diameter
at 90 degrees (B). In the left, there is an intracerebral hematoma, showing the larger diameter (A)
and its diameter at 90 degrees (B). These images will be the basis to apply the rule of measurement
of blood volumes in the other sections to determine the value of C, according to the formula

Vm=(A x B x C)/2.

requirement in diagnostic images above
the posterior fossa).

Each section should be compared with the
base one where the measurements were taken,
to find the rule:

- Hemorrhage greater than 75% of the

initial section volume is counted as 1.

- Hemorrhage between 25 and 75% of the
volume of the initial section is counted
as half (1/2 section).

- Hemorrhage less than 25% with respect
to the base section is not taken into
account.

In addition to measuring the volume, the
presence of lesions that determine prognosis and
an urgent intervention in diffuse pathologies
with cerebral edema should be reviewed:

- Midline shift.

- DPresence of traumatic subarachnoid
hemorrhage in the basal cisterns.

- Obliteration of cisterns of the base.

The classification of the severity of the TBI
according to the Glasgow coma scale and the
correlation with the CT images have allowed to
associate prognosis and surgical indications in a
better-standardized way. One of the most used
is the Marshall CT classification (TABLE 3),
which allows to correlate tomographic patterns
of injury that produce an important morbidity
and mortality, including diffuse and focal
lesions. The Marshall CT classification is a valid
instrument, which is based on the CT findings
on the status of the mesencephalic cisterns,
the degree of midline shift and the presence or
absence of local mass lesions [27,28].

Marshal classification haslimitation in patients
with multiple injuries, and its applications is
not linear, which difficult its use for severity. In
the other hand Rotterdam score (TABLE 4) is
based only in CT findings such as the presence
of subarachnoid or intraventricular hemorrhage,
effacement of the basilar cisterns, midline shift
>5 mm, presence of subdural hemorrhage, and
absence of epidural hemorrhage, in an effort to
predict 6-month mortality [29].
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Category Definition

Diffuse injury |
(no visible pathology)

Mortality*

No visible intracranial pathology on CT scan. 10%

Cisterns present with midline shift </=5 mm and/or lesion

Diffuse injury Il

densities present, no high- or mixed-density lesion >25 cc,  14%
may include bone fragments and foreign bodies.

Cisterns compressed or absent with midline shift </=5 mm,

Diffuse injury Il no high- or mixed-density lesion >25 cc 34%
Diffuse injury VI Midline shift >5 mm, no high- or mixed-density lesion >25 cc 56%
Evacuated mass lesion  Any lesion surgically evacuated 39%
No evacuated mass lesion High- or mixed-density lesion >25 cc, not surgically evacuated 53%

*Mortality at discharge

Predictor

Basal Cistern

Normal

Compressed

Absent

Midline Shift

No shift or shift </=5 mm
Shift >5 mm

Epidural mass lesion
Present

Absent

Intraventricular blood or subarachnoid
hemorrhage

Absent
Present
Sum score

Score

—_

0
1
+1

In the Rotterdam scoring system, 1 point is added as a sum score to make the Rotterdam grade
numerically total 6 points, consistent with the motor core of the Glasgow Coma Scale and the

Marshal classification. From Maas et al. [37]

Even other prognostic tools exist, the Marshall
and Rotterdam score are the well standardized

and validated with CT findings.

Discussion
M Role of CT in prognosis

CT is the brain imaging of choice for the
initial assessment of TBI because it is fast, widely
available, and highly accurate in the detection
of skull fractures and intracranial lesions like
hemorrhages, herniation and hydrocephalus,
which may necessitate immediate surgical
evacuation. However, in case of concussion,
the role of CT is less well defined [30]. CT is
recommended in patients with neurological
deterioration following TBI; studies have shown
little benefit for routine follow up imaging. In
rare cases where the clinical presentation is far
worse than can be explained based on the CT
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scan, MRI may be helpful [15].

To evaluate prognosis Glasgow Outcome Scale
(GOS) can be used. It categorizes the outcomes
of patients after traumatic brain injury, as follows
[31]: 1. Death, 2. Persistent vegetative state:
Minimal responsiveness, 3. Severe disability:
Conscious but disabled; dependent on others for
daily support, 4. Moderate disability: Disabled
but independent; can work in sheltered setting,
5. Good recovery: Resumption of normal life
despite minor deficits.

However, there are other elements valuable in
the prognosis of TBI patients. Kim [12] described
in his paper that older age, severe injury measured
by GCS or injury severity score (ISS), no pupil
reaction, hypotension or hypertension, elevated
ICP, hypoxia, hypoglycemia or hyperglycemia,
hypothermia or hyperthermia, low level of
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hemoglobin, coagulopathy, high level of lactate,
electrolyte derangement, high level of Marshall
CT classification and presence of subarachnoid,
epidural or subdural hemorrhage were identified
as predictors for poor GOS outcome. Even
though, it is recommended that GCS should be
serially assessed even after emergency department
stabilization and evaluated in company with
the computed tomography (CT) finding for an
accurate prognosis [12]. It is notable that the
majority of studies for Marshal CT classification
show that patients with diffuse brain injury
(I) had good outcomes, whereas patients in-
group IV or V having a mass lesion on CT had
unfavorable outcome. Given that, there is a
very strong relationship between Marshall CT
classification and outcome. Future studies need
to focus on combining the CT characteristics
and other predictors for increasing the prognostic

value [31].

The primary role of CT scanning has been
the acute identification of focal injuries that may
require emergent neurosurgical interventions,
such as extra-axial or parenchymal hemorrhage,
midline shift and incipient herniation.
Approximately 10% of patients with severe TBI
require a craniectomy based on the findings
from an initial CT scan. According to the Brain
Trauma Foundation guidelines, these findings
include extra-axial hematomas (epidural or
subdural hemorrhages) larger than 30 mL in size
or associated with greater than 5 mm of midline
shift and parenchymal hematomas in a non-
eloquent cortex greater than 20 mL in size [32].
Kim and Gean [13] showed that individual
predictors of poor outcome on conventional CT
include compressed or absent basilar cisterns, the
presence of subarachnoid hemorrhage, midline
shift, and intracranial hemorrhagic lesions
(e.g. subdural or epidural hematomas, shear
injury, and contusions). Compressed or absent
basilar cisterns indicate a threefold higher risk
of increased ICP and are associated with a two-
to three-fold increase in mortality. Traumatic
subarachnoid hemorrhage is associated with a
twofold increase in mortality, and hemorrhage in
the basilar cisterns has a 70% positive predictive
value for poor outcome. Midline shift indicates
increased ICP and is similarly associated
with a poor clinical outcome, although this
association is somewhat complicated by the
fact that midline shift is caused by intracranial
hemorrhage that also negatively impacts

outcome. Finally, intracranial hemorrhage has
an approximately 80% positive predictive value
for poor functional outcome, with prognosis
worsening as the hematoma volume increases in
size. Of note, mortality is higher in patients with
acute subdural hematomas compared with those
with epidural hematomas [13,32].

Lemcke et al. [14] studied the outcome
of patients with severe head injury after
decompressive craniectomy and found that the
shift of the midline on CT was significantly
correlated with the quality of outcome. Patients
with a poor outcome (GOS 1-3) had a mean
midline shift of 9.8 + 6.7 mm, whereas patients
with a good outcome (GOS4-5) showed a mean
midline shift of 6.7 + 5.0 mm. The important
predictive value of this factor has been confirmed
by Marshall et al. among others. The visibility of
the basal cisterns was also shown in this study to
be very significantly connected to the quality of
outcome at follow-up [32].

It is important to recognize that Marshall CT
classification has been extensively evaluated and
it is considered as many studies have showed a
tool in the prognosis. Nevertheless a number
of other CT classifications exist [33-35], which
can be an interesting alternative to examine the
elements that Marshall CT classifications do not
consider.

Zhu et al. [15] described how in 2005, a
study by Maas et al. compared alternative CT
models with the Marshall CT classification and
found it was preferable to use combinations
of individual CT predictors rather than the
Marshall CT classification for prognostic
purposes in TBI [36]. Later in 2007, Maas et
al. [37] again evaluated the prognostic value of
CT scan characteristics in TBI and found that
individual CT characteristics added substantially
to the prognostic value of the CT classification
alone. They found that making greater use of
individual CT characteristics allowed them
to improve on the already sizeable predictive
value of the original Marshall CT classification
scheme. These findings need to be corroborated
through further prospective investigations.

Limitations

Gray and non-English literature was
excluded. In this review study, a comparison of a
new classification for the use of tomography as a
prognosis was not proposed or made.

Imaging Med. (2017) 9(6)
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Conclusion

Brain imaging gives a landscape in outcome;
the application of CT classifications can be
helpful in the prognosis of TBI. Nevertheless,
many elements may be consider in the evaluation
of imaging and the development of new scores
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