
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

185,000 200M

TOP 1%154

6,900



Chapter 2

Indications for Brain Computed Tomography Scan After
Mild Traumatic Brain Injury

Shayan Abdollah Zadegan and
Vafa Rahimi-Movaghar

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/57308

1. Introduction

Trauma to the head may cause damage to the brain parenchyma. This intracranial damage is
more probable in severe than mild forms of head trauma. Despite this knowledge, physicians
could not disregard the risk of brain injury in mild forms; thus, in many cases of head trauma,
computed tomography (CT) scans are performed to detect possible intracranial injuries. This
excessive CT scanning could cause unnecessary radiation exposure for patients, many cases
of which are children and impose a heavy burden on the society. Different studies tried to
decrease unnecessary CT scans by establishing clinical rules to predict possible injuries. These
rules will help clinicians to safely recognize at risk patients with clinical signs and symptoms
and perform CT scans when it is really necessary. The need for these rules is more prominent
in mild forms of traumatic brain injury, where patients usually come with normal level of
consciousness. This chapter will introduce different clinical studies related to indications for
brain CT scan after Mild traumatic brain injury.

2. Mild Traumatic Brain Injury (MTBI)

When it comes to mild traumatic brain injury (MTBI), general expectation is a self-limited
situation with no intracranial structural damages. Well, it is not true. According to the
American Congress of Rehabilitation Medicine (ACRM) and World Health Organization
(WHO), MTBI is described as Glasgow Coma Scale (GCS) score of 13 to 15 due to brain damage
resulting from blunt trauma or acceleration/deceleration forces. One or more of the following
symptoms and signs could be accompanied by MTBI: “confusion/disorientation, loss of
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consciousness for 30 min or less, posttraumatic amnesia for less than 24 hr, and/or other
transient neurological abnormalities such as focal signs, seizure, and intracranial lesion” [1].
Some other signs and symptoms like headache, dizziness, irritability, lethargy, vomiting,
blurred vision, fatigue, and poor concentration have also been reported [1-5]. However, the
definition has been changing for the last decade and there is no fully agreed definition of MTBI
[6]. Also, there is a body of evidence suggesting that MTBI could be a misnomer, because in
traumatic brain injury (TBI) cases with GCS score of 13-15, some structural changes and long-
term sequels are documented. However the rate of neurosurgical intervention is very low and
the effect of these structural changes on long-term prognosis is not fully understood [7-11]. So,
the term “complicated MTBI” was suggested by some authors to fill this defect, but this area
is still challenging [8;12]. Possible pathological features including intracranial hemorrhage,
diffuse axonal injury and brain contusion might be present in MTBI and could be detected by
different neuroimaging modalities. The first-line modality is computed tomography (CT) scan;
skull radiographs are not recommended as a useful screen test in TBI due to low sensitivity
and misleading false negatives [13]. Emergency head CT studies showed that up to 15% of
head trauma patients with GCS score of 15 could have acute lesions; however, the rate of
neurosurgical intervention in these patients is very low (less than 1%) [13-22]. In consequence,
there is a chance to reduce unnecessary imaging studies in MTBI with certain clinical rules.
Using such rules could reduce imaging charges, radiation exposure and time in emergency
departments (ED) [2;6;8;12;13;15;23]. In this chapter, we will focus on the most frequently used
clinical rules for reducing CT scans after MTBI.

3. Leading clinical rules

The most validated rule in minor head injury is the Canadian CT head rule (CCHR), presented
by Stiell and colleagues in 2001 [24]. Their prospective cohort study was conducted in ED of
10 Canadian large hospitals and 3,121 patients were enrolled. The enrollment criteria were
based on MTBI description. They also excluded patients below 16 years old and those with
minimal injuries (no loss of consciousness, amnesia, or disorientation), primary events like
primary seizure or syncope, obvious penetrating skull injury or depressed fracture, acute focal
neurological deficit, unstable vital signs, bleeding disorder or used oral anticoagulants and
pregnancy as well as patients returned for reassessment of the same head injury. The main
outcome measures for this rule were the need for neurological intervention and clinically
important brain injury (detected by CT scan). From 3,121 patients, 2,078 underwent CT
scanning according to the clinical judgment of the physician and the remaining 1,043 patients
underwent the 14 day telephone proxy outcome measure. High risk patients in this guideline
were patients with GCS score of less than 15 (2 hours after injury), suspected open or depressed
skull fracture, signs of basal skull fracture (hemotympanum, ‘raccoon’ eyes, cerebrospinal fluid
otorrhea/rhinorrhea, Battle’s sign), two or more episodes of vomiting and elderly patients (≥65
years). The medium risk group in this criteria include patients with more than 30 minutes of
amnesia before impact and dangerous mechanism of injury (like pedestrian struck by motor
vehicle, occupant ejected from motor vehicle, fall from height >3 feet or five stairs) [24] (see
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table 1). It was suggested that patients with any of the high-risk factors would probably need
neurosurgical intervention and the CT is necessary in this group. Those MTBI patients with
medium risk factors may have a lesion that could be seen on CT scan but probably do not
require neurosurgical intervention (even with either of the two medium risk factors) and
managing these patients could be performed by CT scan or direct monitoring according to
local policy. The sensitivity of the test was 100% for high-risk factors and 98 4% for medium-
risk factors. The test was 49 6% specific [24].

High-risk criteria* – GCS score <15

– Suspected open or depressed skull fracture

– Signs of basal skull fracture (hemotympanum, ‘raccoon’ eyes, cerebrospinal fluid

otorrhea/rhinorrhea, Battle’s sign)

– Vomiting ≥ 2 episodes

– Elder patients (≥65 years)

Medium-risk criteria** – Amnesia before impact (>30 min)

– Dangerous mechanism of injury

• Pedestrian struck by motor vehicle

• Occupant ejected from motor vehicle

• Fall (>3 feet or five stairs)

* Neurosurgical intervention is likely to be needed in high-risk group and a head CT scan is mandatory.

** Medium-risk group probably do not require neurosurgical intervention and could be managed by CT scanning or
direct monitoring.

Table 1. The Canadian CT head rule (CCHR) for brain CT scan. (Originally described by Stiell et al. Reproduced with
permission [24])

After the Stiell’s study, many researchers started to validate the CCHR rule. The results were
very diverse. Few studies came up with great questions in effectiveness of CCHR [25;26]. Even
increased numbers of CT scans were reported in one British study. The study was a retro‐
spective case note review. This study design may raise some questions about recording all
important clinical variables. However, the authors of the article were confident about data
collection due to standardized forms that were used in their hospital [25]. Another retrospec‐
tive study in Australia showed that CCHR would decrease the number of CT scanning without
missing the patients requiring neurosurgical intervention but in this study, it missed two
patients with clinically significant CT abnormality. Similar to the previous, this study was
retrospective and relies on the accuracy of medical records [26].

Despite these studies, a larger number of studies found it beneficial or cost-effective to replace
current protocols with CCHR [27-35]. A prospective cohort study with 4,551 patients from 10
hospital EDs of the United States reported that CCHR could accurately identify all patients
requiring neurosurgical intervention [30]. Another multicenter prospective validation study
was conducted in 4 university hospitals of the Netherlands. Among 3,181 patients, CCHR
identified all cases requiring neurosurgical intervention (sensitivity of 100%); however, it did
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not show high sensitivity for neurocranial lesions of CT scan (approximately 85%). The specificity
of the test was 37.2%-39.7%. This study did not use the exact predictors that Stiell defined
previously. For instance, they evaluated GCS of patients at 1 hour after presentation instead of
2 hours. They also used post-traumatic amnesia of more than 30 minutes as a risk factor instead
of retrograde amnesia and vomiting was defined as any period of emesis instead of more than
1 episode of emesis [17]. Another cost effective analysis research showed the cost effectiveness
of CCHR with US $120 million savings annually. However, this finding will be valid only if the
CCHR is highly sensitive for neurosurgical intervention prediction and at sensitivities lower
than 97%, it will be more cost-effective to perform CT scan for all patients [36].

There are also few trials that aimed to implement CCHR at emergency departments [37;38]. In
the opinion of Stiell and colleagues [38], the failure of such trials was the result of physicians’
non-compliance. Some examples of such non-compliance of the physicians were forgetting the
details of the rules, not believing in the nature of the research, being forced to order CT scans
due to patient/family expectations, having inconsistencies among different services in ordering
CT scans and insufficient time in a busy ED and finally the idea that the application of the rule
would either take too much time or would not be safe for the patients [38]. Other epidemio‐
logical studies have confirmed this opinion [39;40].

Two other famous criteria are the NEXUS-II (National Emergency X-Ray Utilization Study) rule
and the NOC (New Orleans Criteria). According to NOC, presented by Haydel and colleagues
in 2000 [15], minor head injury is defined as loss of consciousness in patients with normal cranial
nerves, normal strength and sensation in arms and legs and a GCS score of 15 at arrival. Red flags
for head injury are the following seven factors: headache, vomiting, age, drug or alcohol
intoxication, short-term memory deficit, physical evidence of trauma above the clavicles, and
seizure. These seven factors showed a sensitivity of 100% for detecting patients with positive CT
scans, negative predictive value of 100% and specificity of 25%. Coagulopathy is absent in NOC
because in the first phase of the study conducted by Haydel and colleagues, only 1 patient out
of 520 had coagulopathy; so, the researchers could not evaluate this item [15]. Also, imaging for
all patients with evidence of trauma above the clavicles would be excessive, because small
contusions or lacerations and minor facial injuries would be included and this will increase the
rate of CT imaging. Prospective evaluation of NOC showed lower reduction rate of CT scan‐
ning and lower specificity (3% to 31%) compared to CCHR (48% to 77% for high-risk criteria and
37% to 48% for high and medium-risk criteria), but the sensitivity of NOC was similar to CCHR
(99% to 100%) [16;17;26;32;33;41-43]. Although a 2013 research by Bouida and colleagues in
Tunisia has reported a slightly lower sensitivity for NOC (86% sensitivity for clinically signifi‐
cant head CT findings and 82% sensitivity for the need for neurosurgical intervention) [34]. This
difference in sensitivity could be the result of NOC application in GCS lower than 15. As
mentioned above, NOC was defined for MTBI patients with GCS scores of not lower than 15.
This conclusion will be strengthened by the knowledge that the difference was diminished in a
subgroup of patients with GCS score of 15 [34].

In 2002, a prospective multicenter study called NEXUS-II (National Emergency X-Radiogra‐
phy Utilization Study II) was designed to prepare a decision rule for CT imaging of patients
with acute blunt head trauma [23;44]. NEXUS II decision instrument enrolled 13,728 patients
and presented eight factors significantly associated with intracranial injuries: 1. evidence of
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significant skull fracture, 2. hematoma of scalp, 3. neurological deficit, 4. altered level of
alertness, 5. abnormal behavior, 6. coagulopathy, 7. persistent vomiting and 8. patients aged
65 years or more [23]. NEXUS II criteria provided guidance for patients without any episode
of loss of consciousness. This great advantage was absent in the two previous criteria. A recent
prospective cohort study reported a sensitivity of 95.1% and specificity of 41.4% for neuro‐
surgical intervention for NEXUS II criteria. This study showed that NEXUS II criteria were less
sensitive but more specific than NOC and CCHR (sensitivity of 100% for NOC and CCHR and
specificity of 38.3% for CCHR and 20.4% for NOC were documented). The potential reduction
rate in CT scanning was higher in NEXUS II (39.6%) compared to CCHR (27%) and NOC
(20.2%) [45]. Another retrospective analysis reported the sensitivity and specificity of NEXUS
II criteria at respectively 97% (versus 99% sensitivity for CCHR and NOC) and 47% (versus
specificity of 47% for CCHR and 33% for NOC) for detecting any lesions. The sensitivity of
NEXUS II criteria for detecting hematoma was higher than the two other criteria (100% vs.
99%); however, researchers conducting the study could not demonstrate that this higher
sensitivity was statistically significant [43]. In conclusion, NEXUS II criteria showed the highest
reduction rate for CT scanning compared to the other two rules, but it failed to recognize some
patients requiring neurosurgical intervention. Table 2 shows all characteristics included in the
three above-mentioned leading rules.

4. Other clinical rules

Other studies conducted on indications of brain CT scan after MTBI are briefly cited. In 1993,
Reinus et al. [46] developed criteria by reviewing medical records and CT scans of 373 pa‐
tients. The four variable criteria were positive neurologic examination, intoxication, amnesia
and a history of focal neurologic deficit. The criteria had a sensitivity of 90.1% and a negative
predictive value of 98.1% for detecting abnormality in CT scan. The criteria missed 4 patients.
None of them needed neurosurgical intervention [46].  In 1994, Duus and colleagues [47]
performed a prospective cohort study on 2,204 patients in Denmark. They admitted patients
with confusion or aggression in ED, impaired consciousness, focal neurological sign, suspect‐
ed skull fracture in a clinical exam, alcohol intoxication or other medical conditions that interfere
with assessment, history of convulsions, amnesia (more than 15 minutes), history of unconscious‐
ness (more than 15 minutes and witnessed by a competent observer), 3-year-old or younger
children with symptoms and no responsible adult at home. The study proposed the use of the
guideline instead of skull radio graphs [47].

In 1995, in a retrospective descriptive study of 1,448 American patients with GCS score of 13
or more, Borczuk [48] found the following factors as high-risk: soft tissue injury, focal neuro‐
logic deficit, signs of basilar skull fracture and being older than 60 years. The sensitivity was
91.6% and specificity was 46.2% for detecting a CT abnormality. None of the patients missed
by these criteria, required medical or neurosurgical management [48]. In 1997, Miller et al. [49]
enrolled 2143 patients with the GCS score of 15 and a history of loss of consciousness (LOC)
to develop simple clinical criteria to safely reduce the number of CT scans. Miller’s 4 high-risk
criteria included headache, nausea, vomiting and signs of depressed skull fracture. The criteria
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showed 61% reduction in the number of CT scans and also identified all patients who required
neurosurgical intervention. Holmes et al. examined the criteria in patients with a lower GCS
score (GCS=14). Of the total 264 patients, 35 had abnormal CT scans and Miller criteria failed
to detect 17 of them including 2 intoxicated (with ethanol) patients that needed neurosurgical
intervention [49;50]. Another study was performed by Arienta et al. (1977) [51] on 10,000
patients in Italy. In this retrospective study, risk factors for intracranial lesions were loss of
consciousness, amnesia after trauma, vomiting (repeated episodes), neurologic deficits, and
signs of basal skull fracture, seizure, penetrating or perforating wounds, lack of cooperation,
previous intracranial operations, coagulopathy or anticoagulant therapy, epileptic or alcoholic
patients [51]. In 2003, Falimirski and colleagues [52] prospectively included 331 MTBI patients
with GCS score of 14 and 15 and a history of LOC. The GCS score of 13 was excluded. The
study examined patients for the presence of 10 typical constitutional signs and symptoms (CSS)
for head injury including headache, somnolence, confusion, nausea/vomiting, seizure,
perseveration, neurologic deficit, blurred/double vision, vertigo and hemotympanum. The
results showed that loss of consciousness alone (i.e. LOC without CSS) could not predict
intracranial injury. Of 195 patients without CSS, only 11 (5.6%) had intracranial lesion and of
136 remaining patients (with CSS) 29 (21.3%) had positive CT. However, it is unusual that none
of the CT positive patients in both groups (with and without CSS) required neurosurgical
intervention [52]. In 2007, Smits et al. [53] attempted to make a decision instrument for MTBI
patients regardless of the presence or absence of a history of loss of consciousness. In a
prospective study called CHIP (CT in Head Injury Patients) in four academic hospitals in the
Netherlands, 3181 patients with MTBI and the GCS score of 13 and more (GCS score of 15 with
at least 1 risk factor) were observed. Of 243 (7.6%) patients with intracranial CT findings, 17
(0.5%) patients underwent neurosurgical intervention. The major criteria were pedestrian or
cyclist (vs. vehicle), ejection from vehicle, vomiting, post-traumatic amnesia for more than 4
hours, clinical signs of skull fracture, GCS score of less than15, GCS deterioration of more than
2 points, use of anticoagulants, seizure, age of more than 60 years. The minor criteria were fall
from any elevation, persistent anterograde amnesia, post-traumatic amnesia for 2–4 hours,
skull contusion, neurological deficit, LOC, GCS score drop of one point, age of 40–60 years.
The sensitivity was 100% for neurosurgical interventions with the specificity of 23-30%. For
intracranial lesions, the sensitivity and specificity were 94-96% and 25-32% in the original
study. The reduction rate was 23-30% [53]. The CHIP criteria were validated as a cost-effective
rule. However, the annual savings were less than the CCHR rule ($71 million savings in CHIP
vs. 120$ savings in CCHR) [36]. In 2009, Saadat and colleagues [54] aimed to develop the criteria
for CT scanning of MTBI patients in developing countries. Three hundred and eighteen Iranian
patients with the GCS score of 13 and more were included. The major criteria were GCS score
of less than 14, raccoon sign, failure to remember the impact, vomiting and age of 65 years or
more. The minor criteria were wound at the scalp and GCS score of less than 15. Patients with
one major criterion or 2 minor criteria had an abnormal CT scan with the sensitivity of 100%
and specificity of 46% [54]. Another recent study on 642 patients in Iran showed headache,
vomiting, LOC or amnesia, and alcohol intoxication as main indicators for CT scanning of
MTBI patients. In the previous Iranian study, headache was not a criterion [11].
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CCHR (medium- and high-risk) NOC NEXUS II

GCS score/Level of

consciousness

<15 at 2 hours after injury - Altered level of

consciousness,

Abnormal behavior

Evidence of significant

trauma to the calvarium

Suspected open or depressed skull

fracture,

Any sign of basal skull fracture

Physical evidence of trauma

above the clavicles

Any evidence of

significant skull fracture,

Scalp hematoma

– Hemotympanum

– Raccoon’ eyes,

– Cerebrospinal fluid otorrhea/

rhinorrhea

– Battle’s sign

Vomiting ≥ 2 episodes Any Persistent

Age ≥ 65 years > 60 years ≥ 65 years

Amnesia* > 30 minutes, retrograde Short-term, anterograde -

Mechanism of injury* Dangerous: - -

– Pedestrian struck by motor

vehicle

– Occupant ejected from motor

vehicle

– Fall from height >3 feet or five

stairs

Focal neurological

deficit

- - Any

Coagulopathy - - Any

Headache - Any -

Intoxication - Drug, Alcohol -

Seizure - Any -

Test sensitivity

(neurosurgical

intervention)

– 100% [16;17;24;30;33;34;45] – 100% [16;17;33;45]

82% [34]

– 95.1% [45]

Test sensitivity

(clinically important

intracranial injury)

– 100% [16;33]

– 98.4% [24]

– 97 to 99% [43]

– 95% [34]

– 83.4% to 87.2% [17]

– 79.2% [45]

– 100% [16;33]

– 99% [43]

– 97.7% to 99.4% [17]

– 91.9% [45]

– 86% [34]

– 98.3% [23]

– 97% [43]

– 88.7% [45]

Test specificity – 65% [34] – 33% [43] – 47% [43]
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CCHR (medium- and high-risk) NOC NEXUS II

(clinically important

intracranial injury)

– 50.6% [16]

– 49.6% [24]

– 47 to 51% [43]

– 41.3% [45]

– 37.2% to 39.7% [17]

– 35% [33]

– 28% [34]

– 22.4% [45]

– 12.7% [16]

– 9.9% [33]

– 3.0% to 5.6% [17]

– 46.5% [45]

– 13.7% [23]

CCHR, Canadian CT head rule; NOC, New Orleans Criteria; NEXUS II, National Emergency X-Ray Utilization Study II;
GCS, Glasgow Coma Scale

*Medium-risk factors for CCHR

Table 2. Comparison of three leading clinical decision rules for CT imaging in mild traumatic brain injury in adults

5. Pediatric clinical rules

Clinical rules for pediatric patients are less developed. It is reasonable that any of the above
mentioned criteria could reduce CT imaging in pediatrics as well as adults, but further
validation of pediatric head CT decision aids is needed to guarantee patients’ safety [18]. In
2003, Haydel and colleagues [55] tried to determine the efficacy of the clinical rule previously
developed for adults (the NOC) in 5 to 17 year-old patients. They also used the same definition
of minor head injury that was used for adults. Among 175 children that were enrolled, fourteen
had intracranial injury and all of them had one or more of the six following findings: headache,
emesis, intoxication, seizure, short-term memory deficit and physical evidence of trauma
above the clavicles. Although the sensitivity of these factors was 100%, the small sample size
caused a confidence interval of 74% to 100% [55]. Another study by Palchak and colleagues in
2003 [56], enrolled 2,043 children presented with traumatic brain injury (with any degree of
severity) to a Level I trauma center. This observational cohort study introduced abnormal
mental status, clinical signs of skull fracture, vomiting, scalp hematoma in children ≤ 2 years
of age and headache as main factors associated with traumatic brain injuries on CT scan. The
rule identified all 105 patients who needed acute neurosurgical intervention and 97/98 of the
patients with signs of brain injury on CT scan [56]. In 2006, NEXUS-II investigators enrolled
1,666 children including very young children (<3 years) with blunt head trauma [57]. This
pediatric cohort study suggested the following seven factors as the inclusion criteria for
pediatrics head CT: 1. evidence of significant skull fracture, 2. altered level of alertness, 3.
neurological deficit, 4. persistent vomiting, 5. presence of scalp hematoma, 6. abnormal
behavior, 7. coagulopathy. All clinically important intracranial injuries were successfully
identified by the rule but two patients (in 1,666 patients) were missed. However none of them
needed neurosurgical interventions [57]. Children’s head injury algorithm for the prediction
of important clinical events (CHALICE) is another 2006 study that was performed by Dunning
et al. [58] (see table 3). A large number of children (22,772) from 10 hospitals in UK with any
severity of head injury were included. A sensitivity of 98% and specificity of 87% for prediction
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of clinically significant head injury were documented in the study. The sensitivity was high
but the rule was more comprehensive than the previous ones [58]. A retrospective survey from
one hospital in Finland compared three pediatric clinical rules. NEXUS II, CHALICE and the
rule presented by Palchak were compared. Each rule had 100% sensitivity in detecting severely
complicated head trauma. Severely complicated head trauma was defined as patients who
required neurosurgical intervention, patients who succumbed, epidural hematoma, subdural
hematoma, subarachnoid hematoma and intracerebral hematoma. NEXUS II showed the best
specificity (21% versus 12% for Palchak and 5% for CHALICE), although it was not high
enough to detect patients who do not need neurosurgical interventions [59].

The retrospective study of Schachar and colleagues [18] on 2,101 pediatric patients (0-21 years
old) has compared NOC, CCHR and NEXUS II. Sensitivities of these tests were 96.7%, 65.2%
and 78.3%, respectively. Specificities were 11.2%, 64.2% and 34.2%, respectively. The study
emphasized on the prospective ability of these tests on reduction of CT scans and concluded
that further validation is needed [18].

Canadian Assessment of Tomography for Childhood Head injury (CATCH) was developed
in 2010 by Osmond et al. [60]. This prospective cohort study was performed in 10 Canadian
academic centers and 3,866 patients (0-16 years old) with GCS score of 13 or more were

History

– Witnessed loss of consciousness > 5-minute duration

– History of amnesia (anterograde/retrograde) > 5-minute duration

– Abnormal drowsiness

– Vomiting after head injury (≥ 3 episodes)

– Suspicion of non-accidental injury

– Seizure after head injury in patients with no history of epilepsy

Examination

– Glasgow Coma Score (GCS) <14, (GCS<15 if <1 year old)

– Suspicion of penetrating or depressed skull injury or tense fontanel

– Signs of a basal skull fracture (blood or cerebrospinal fluid from ear or nose, panda eyes, battles sign,

hemotympanum, facial crepitus, serious facial injury)

– Positive focal neurological sign

– Presence of bruise, swelling or laceration >5 cm if <1 year old

Mechanism

– High-speed road traffic accident (with speed >40 m/h) either as pedestrian, cyclist or occupant

– Fall of >3 m in height

– High-speed injury from a projectile or an object

Table 3. Children’s head injury algorithm for the prediction of important clinical events (CHALICE). (Originally
described by Dunning et al. Reproduced with permission [58])
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included. High-risk factors (with 100% sensitivity for predicting the need for neurologic
intervention) include failure to reach GCS score of 15 within two hours, suspicion of open skull
fracture, worsening headache and irritability. Three additional medium-risk factors (with
98.1% sensitivity for predicting brain injury on CT scan) are large, boggy hematoma of the
scalp, signs of basal skull fracture and dangerous mechanism of injury (defined as motor
vehicle crash, fall from elevation ≥ 3 ft [91 cm] or 5 stairs, fall from bicycle with no helmet) [60].
Future validation studies are needed to prove the feasibility of CATCH.

6. Conclusion

In this chapter, we reviewed different clinical rules developed for patients with mild TBI.
The differences among the presented guidelines are based on diversity in main outcome
measures. Main outcome measure might be the following items: 1. positive brain CT scan
for  TBI,  2.  positive  clinical  findings  suggesting  the  need  for  neurosurgical/medical
intervention, 3. a combination of the two above-mentioned findings. Brain CT scan could
demonstrate  small  lesions related to  mild TBI  but  it  may be of  a  questionable  practical
importance. For example, the presence of a linear fracture in right frontal bone with 2 ml.
of epidural hematoma below the fracture a few hours after trauma, confirms mild injury
and might be valuable for legal issues, but does not predict surgical intervention require‐
ment  or  even  may  not  need  anti-convulsion  therapy.  Therefore,  if  the  main  outcome
measure was any CT findings related to the injury, we consider this case as a positive case,
but if the main outcome measure was the need for neurosurgical/medical intervention, we
consider the case as negative. Thus, it is important to note the fact that in many patients
with traumatic brain injury on CT scan, acute neurosurgical intervention is not required
and detection of intracranial injury is important when considering the need for neurosur‐
gical intervention.

Among the above-mentioned rules, CCHR is the most validated rule with appropriate
sensitivity, but the authors believe that using this rule without considering patients’ history
(i.e. coagulopathy, drug and alcohol intoxication) would result in missing some patients. Also
progressive severe headache, focal neurological deficit and seizure should be noticed. With
reference to various sensitivities and specificities documented for different clinical rules, we
need more studies with this topic to reach a safe practical guideline that could be applied
worldwide.
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