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Abstract 

One of the most challenging decisions to make during evaluation of mild TBI (mTBI) patients is 

whether a head CT scan needs to be performed to evaluate for potential intracranial injury. While 

clinical decision rules such as the Canadian Head CT rule and New Orleans criteria have been 

developed to help aid clinicians in making this decision, these clinical guidelines still lack 

adequate specificity, resulting in the majority of head CTs ordered for evaluation of mTBI being 

unnecessary. In the last twenty years, research has been done on biomarkers specific to 

intracranial injury to try to decrease the number of unneeded head CT scans performed in 

association with mild TBI evaluation in order to decrease unnecessary healthcare costs and 

radiation exposure. The most promising biomarker candidates investigated have been S100B, 

GFAP, and UCH-L1. While S100B was the first biomarker to be researched, recent studies show 

that GFAP and UCH-L1, particularly in combination, are more specific detectors of intracranial 

injury in mild TBI patients. Based on one of these studies, a biomarker test that combines use of 

GFAP and UCH-L1 was FDA approved for clinical use, although it is only available for military 

use at this time. However, the results of these recent studies and FDA approval of the first 

biomarker test hold promise that biomarkers can be used to more accurately identify patients 

with mild TBI who would benefit from CNS imaging. 

 

 

 

 

 



Final Paper Draft 

Introduction:  

Definition of a TBI 

A traumatic brain injury, or TBI, is damage to neurons that results in impaired neurological 

functioning. This impairment in functioning can be transient or permanent. Injury occurs due to 

external forces causing rapid movement of the brain within the cranial cavity.1 

Basic Pathophysiology of TBI 

When external forces cause the brain to move rapidly within the cranial cavity, some 

parts of the brain move at faster speeds than other parts of the brain. The difference in movement 

speeds distorts neuron axons, resulting in shear stress that damages these axons.2 As axons are 

damaged, glutamate is released and increases the metabolic rate of neurons. At the same time 

that the metabolic rate and nutrient demand increases, arteries in the brain constrict, reducing 

oxygen and nutrient supply to brain. This imbalance between supply and demand leads to neuron 

dysfunction and sometimes death, resulting in cerebral dysfunction.2 Neuron dysfunction causes 

symptoms like loss of consciousness, amnesia, confusion, and impaired cognition that are 

characteristic of concussions. For a graphic illustration of the pathophysiological process 

underlying TBI, see Figure 1 below. 



Figure 1. Pathophysiology of TBI 3 

Epidemiology of TBI 

The most recent estimate by the Center of Disease Control (CDC) states that 

approximately 2.8 million TBIs occur each year in the United States. 4 Falls are the most 

common cause of TBIs, followed by sports injuries and motor vehicle accidents.4 TBIs occur 

most commonly in the 75+ year age group due to the high number of falls in this age group, but 

also frequently occur in the 0-4 year age group, again due to falls, and 15-24 year age group , due 

to a high number of sports injuries and MVAs.4 Gender also constitutes a risk factor for TBI 

occurrence, with males being more likely than females to sustain a TBI.4 Finally, the CDC’s data 

breaks down TBI occurrence by category as well, and shows that the majority (>90%) of TBIs 

are classified as mild.5 



Current Evaluation of TBI in the United States  

TBI Classification 

When a person comes in with a history or signs and symptoms consistent with TBI, one 

of the first things a clinician does is determine their Glasgow Coma Scale (GCS) score. This 

score indicates their TBI severity classification. A TBI score of 13-15 is classified as mild, 9-12 

is moderate, and below 9 is severe. The severity classification of a TBI then helps determine 

what the clinician’s next steps will be in evaluating the patient. For patients with a severity rating 

of moderate or severe, it is generally accepted in clinical practice to do a head CT to rule out 

intracranial injury, such as a subdural or epidural hematoma, associated with the TBI.  Whether a 

head CT should be done in patients with mild TBI (mTBI) is less clear. 

Many clinicians air on the side of caution and choose to head CT mild TBI patients to 

prevent missing a potentially life-threatening intracranial injury. While adequately assessing 

patients for intracranial injury is important, being overly cautious in assessment leads to many 

unnecessary CT scans. Multiple criteria, including the Canadian CT Head rule and New Orleans 

Criteria, have been established in order to try to identify mTBI patients that have a higher risk of 

having intracranial pathology and therefore need a head CT. Components of the Canadian Head 

CT rule include: two or more episodes of nausea/vomiting, failure to reach GCS of 15 within 2 

hours of injury, age greater than or equal to 65, signs of open skull fracture, signs of basal skull 

fracture, retrograde amnesia of greater than 30 minutes, and dangerous mechanism of injury.6 

The New Orleans Criteria is listed as follows: heachache, vomiting, age greater than 60, drug or 

alcohol intoxication, persistent anterograde amenesia, visible trauma above the clavicle, and 

seizures.7 Use of both these guidelines states that having at least one of the factors means that a 

mTBI patient needs a head CT.   



Despite the fact that these criteria were developed to decrease CT use in evaluation of 

mTBI patients, the criteria are somewhat subjective, leading to discrepancies between different 

clinicians as to when a patient actually fits the criteria or not.7 While these criteria are very 

sensitive, they lack the specificity needed to significantly decrease head CT scans done for 

evaluation of mTBI patients.7 Due to the lack of specificity of clinical decision rules regarding 

which mTBI patients need head CTs, head CTs are still grossly overused in evaluation of mild 

TBI. Evidence shows that only 10% of mTBI patients who have a head CT done actually have 

intracranial injury detected on CT, and this high overuse of head CT scans in mTBI patients 

leads to unnecessary healthcare costs as well as radiation exposure.8  

Using blood-based biomarkers would provide a more objective method of determining 

which mTBI patients need further evaluation with CT. However, the biomarker analysis would 

not serve as a definitive diagnostic test for intracranial injury in mTBI, but rather a screening 

test, similarly to how increased BHcG is used to screen for Down Syndrome. Much like how an 

elevated BHcG is considered a positive screen for Down Syndrome and has to be followed up by 

a definitive diagnostic test like an amniocentesis or chorionic villus sampling, a positive 

biomarker test would need to be followed up with definitive diagnosis via CT. Biomarker 

analysis could help reduce cost and radiation exposure associated with unnecessary CT 

evaluation while at the same time making sure patients at higher risk for intracranial injury 

received adequate evaluation. 

 

Biomarker Research:  



Over the last ten years, three biomarkers have been the center of research for use in the 

evaluation of mTBI patients: S100 calcium binding protein B (S100B), glial fibrillary acidic 

protein (GFAP), and ubiquitin C hydrolase (UCH-L1). 

S100B  

S100B was the first biomarker to be investigated as a predictor for intracranial injury in TBI 

patients, with the first research study about it being published in 1995.9 The reason this protein 

became a subject of interest in this area of study is because it is predominantly expressed in cells 

of the central nervous system, particularly astrocytes.10 S100B has many roles in astrocyte 

functioning, including astrocyte replication and helping support the growth of neuron axons.11 

While S100B is generally an intracellular protein, damage to astrocytes that occurs with TBI 

results in the release of S100B into the extracellular space. 12 This extracellular S100B filters 

from CSF to the blood and causes blood serum S100B levels to rise as well.11 

 Based on this underlying pathophysiological process that associates S100B with TBI, it 

was proposed that blood S100B levels could be used as a biomarker for intracranial injury.  

While all mTBI patients would have increased levels of S100B compared to patients without 

head trauma, it was theorized that patients with intracranial injury would have significantly 

higher levels of serum S100B compared with patients without intracranial injury. A higher 

degree of injury would correlate with a higher S100B level.  

There have already been guidelines developed that incorporate the use of S100B into 

clinical evaluation of mild TBI patients. These guidelines, known as the Scandinavian 

guidelines, state that patients who fit certain criteria (GCS 14 or 15, no anticoagulant use, no 

significant extracranial injuries) can forgo further evaluation with head CT if their S100B level is 

measured at less than 0.10 micrograms per Liter. 12 One prospective cohort study involving 295 



patients found that the guidelines have a sensitivity of 94% and a specificity of 19%. 13 However, 

this study was conducted at a single hospital in Finland and therefore the study population was 

primarily Caucasian. It cannot be assumed that these results would apply to a more diverse 

population such as that of the United States.  

Another study conducted at six EDs in New York and Pennsylvania evaluated the clinical 

utility of the Scandinavian Guidelines and found that within the low-risk mTBI subset of patients 

that were eligible for S100B use to determine need for head CT, S100B had a sensitivity of 94%, 

specificity of 36%, and would have reduced head CT use within this group by 34.7% at a cut-off 

value of 0.10 micrograms/L.12 This study shows good potential of S100B in predicting need for 

CT. However, it is important to remember that this study’s accuracy measures of S100B are 

based on very specific parameters. The specifications set by the guidelines (having blood drawn 

within 6 hours from injury, no anticoagulant use, no extracranial injury) significantly limit 

clinical usefulness of guidelines.  

As stated earlier, falls in the elderly population are the number one cause of TBI within the adult 

population.4 Many elderly people use anticoagulants and falls often result in extracranial injuries 

as well. If patients with these factors are ineligible for S100B use, it limits the clinical utility of 

S100B.  

While the exact reason the guidelines exclude patients with extracranial injuries from 

S100B use is not stated in these studies, it is likely that this exclusion criteria was developed 

because S100B is present in significant amounts in cells outside the CNS. This means injuries to 

other areas of the body would result in elevated S100B levels as well. Significant amounts of 

S100B are found in adipose tissue, which decreases specificity of S100B as a marker for 

intracranial injury.10 A study that specifically compared the accuracy of S100B with that of 



GFAP in a patient population in which significant extracranial injuries were present found that 

unlike GFAP, S100B was unable to distinguish between patients with intracranial lesions vs 

patients with extracranial fractures. S100B had a specificity of only 5% in this circumstance.14 In 

real ED settings, many patients with TBI come in with extracranial injuries as well, so if a 

biomarker is going to be clinically useful in evaluation of mTBI, it is important for it to be 

specific for intracranial injury. Another study that compared the accuracy of S100B to GFAP and 

UCH-L1 found that at 100% sensitivity, S100B had a specificity of only 2%, which was much 

lower than UCH-L1’s 40% specificity.15 This finding gives further support to S100B’s reduced 

usefulness as a TBI biomarker. 

GFAP 

 GFAP is an intermediate filament protein expressed in astrocytes.11 When astrocytes are injured, 

GFAP is released into the extracellular space and filters into the blood stream.11A higher degree 

of injury (intracranial injury evident on CT) results in a greater number of astrocytes damaged 

and therefore higher blood concentration of GFAP following injury compared with lesser 

degrees of injury (no intracranial injury). Unlike S100B, which is expressed in the peripheral 

nervous system as well as adipose tissue, GFAP is only expressed in the central nervous system, 

which makes it a much more specific marker for intracranial injury compared with S100B.16  

Compared with S100B, research regarding GFAP as a TBI biomarker is much more 

recent. The majority of research on GFAP as a biomarker that could be used to aid in TBI 

evaluation was published after 2010, and these more recent studies show that GFAP is more 

specific and equally or more sensitive than S100B.  

The largest biomarker study conducted to date, involving 1.959 patients from 15 U.S. and 

7 European locations, found that GFAP levels were significantly higher (p<0.001) in patients 



with CT positive for intracranial injury compared with those negative for intracranial injury. At a 

cut-off level of 22 pg/mL, GFAP alone had a sensitivity of 96.3% and specificity of 51.0%.  The 

combination of GFAP and UCH-L1 had a sensitivity of 97.3% and a specificity of 36.7% in the 

GCS 14-15 population, resulting in a CT reduction of 34.3%.17 This study, unlike the studies 

evaluating the Scandinavian guidelines, did not exclude patients with extracranial injury from 

being eligible for biomarker test use. Therefore, the results of this study are applicable to patients 

with multiple areas of trauma. The study required that participants have blood drawn within 12 

hours of injury (twice the time limit required in the studies evaluating S100B use), which again 

widens the patient population to which the results are applicable. It also reports that elevated 

levels of GFAP and UCH-L1 are detectable in the blood within an hour of injury, which 

increases the utility of these markers in an acute setting. The major excluding factor for this 

study was the presence of a neurodegenerative disease. Because these patients were excluded, 

the results do not apply to them and therefore biomarker use in this patient population would not 

be advised. Based on this study, FDA approval was given for clinical use of a biomarker test, 

called the Banyan Biomarker test, combining GFAP and UCH-L1 for use in predicting need for 

head CT in mTBI patients. The results are reported to be available within 3-4 hours of blood 

draw.18 

A smaller study conducted found that GFAP had a sensitivity of 67% and specificity of 

89%.19 The difference between this study’s accuracy measures and the aforementioned study’s 

results is likely due to the fact that this study chose to maximize specificity while the other study 

chose to maximize sensitivity. 17,19 However, despite this variation in accuracy measures, the 

article’s primary finding, that GFAP is significantly elevated in mTBI patients with intracranial 

injury, does still contribute strong evidence that GFAP can reliably indicate intracranial injury. 



Also, when compared with S100B, GFAP was found to be much more specific in the presence of 

extracranial injuries (GFAP 55% specific vs S100B 5% specific).15 This further adds to GFAP’s 

clinical utility as it can be used in trauma patients with injuries to multiple areas of the body. 

UCH-L1  

UCH-L1 is another biomarker being investigated for use in predicting intracranial injury in 

mTBI patients and potentially decreasing ED use of CT in association with mTBI evaluation.  

Unlike S100B and GFAP, which as previously explained are proteins that are expressed in 

astrocytes, UCH-L1 is expressed in neurons and its function is to aid in metabolism of 

ubiquitin.11 Similarly to S100B and GFAP being released from damaged astrocytes, when 

neurons are damaged, they release UCH-L1 into the extracellular space, with the end result being 

increased blood concentration of UCH-L1.11 UCH-L1, unlike GFAP, is expressed in tissues 

outside the CNS as well, most significantly in renal, pancreatic, and adipose tissue.20 This, as 

discussed earlier with S100B, poses a problem regarding UCH-L1’s specificity. 

Like GFAP, research investigating the use of UCH-L1 as a biomarker for use in mTBI 

evaluation is significantly newer than research about S100B and started being published mostly 

after the year 2010. The Bazarian et. al study found that combination of GFAP and UCH-L1 had 

a sensitivity of 97.6% and specificity of 36.4%. At a cut-off value of 327 pg/mL, UCH-L1 alone 

had a sensitivity of only 70.1%, which significantly decreases its stand-alone utility as a 

biomarker. Its combination with GFAP did increase sensitivity by 1.0% compared with 

sensitivity of GFAP alone, indicating it adds some value to biomarker testing when paired with 

GFAP.17 While this 1% increase may not seem to make a significant difference in the sensitivity 

of the biomarker test, testing for UCH-L1 in addition to GFAP does not require the use of any 

significant additional resources, time, or money, which helps justify its use alongside GFAP.     



Another prospective cohort study with 251 participants from 5 U.S. and 2 Hungarian 

hospitals found that at 100% sensitivity, UCH-L1 had the highest specificity at 40% compared 

with GFAP and S100B.15 Because these results differ from the Bazarian et. al study, it seems 

likely that this study’s specificity was affected by factors like smaller sample size, narrow time 

frame for participants to report to ED (within 4 hours of injury),and required 100% sensitivity. 

However, since it still found that all three biomarkers were present in significantly elevated 

concentrations in patients with intracranial injury, it still gives support to the theory that UCH-L1 

has clinical usefulness as a predictor for CT need in mTBI patients. For a brief review of the 

main advantages and disadvantages of the three biomarkers that have been discussed, please 

refer to Table 1 below. 

 

Table 1. Brief Review of S100B, GFAP, and UCH-L1 

 Pros Cons 

S100B • Already has 

established cut off 

value and has been 

incorporated into 

Scandinavian 

guidelines 

• Elevated in 

circumstances other 

than intracranial 

injury, which limits 

specificity and clinical 

utility 

GFAP • Only present in CNS 

tissue and therefore 

most specific for 

intracranial injury 

• Not currently 

applicable to patients 

with 

neurodegenerative 

diseases 

UCH-L1 • Increases sensitivity 

of biomarker testing 

when used in 

combination with 

GFAP  

• Present in tissue 

outside the CNS, 

limiting specificity 

when used as stand-

alone biomarker 

 

 



Current State of Biomarker Use 

Current CDC and American College of Emergency Physicians (ACEP) guidelines do not 

recommend regularly using biomarkers to determine whether CT is needed. ACEP guidelines 

state that in patients with a GCS of 14 or higher, no extracranial injuries, and age older than 16, a 

class C recommendation is given, stating “In mild TBI patients without significant extracranial 

injuries and a serum S-100B level less than 0.1 μg/L measured within 4 hours of injury, 

consideration can be given to not performing a CT.* *This test has not yet received Food and 

Drug Administration approval for clinical use in the United States for using the biomarker 

S100B levels to aid in evaluation of mTBI.” 21  

These guidelines, however, were developed in 2008 and have not yet been updated. More 

research has been done since this time in determining the usefulness of S100B. GFAP and UCH-

L1 were not even addressed by these guidelines since research on these two biomarkers is newer 

and did not begin until two years after the guidelines were developed. 

 

 

Conclusion  

While S100B was the first biomarker to be evaluated for use in evaluating mTBI, research done 

in the last 10 years is now favoring GFAP and UCH-L1 over S100B due to their increased 

specificity for intracranial damage. 15,17 S100B’s presence in other tissues outside CNS decreases 

its specificity for intracranial injury and its utility in evaluation of mTBI. The Scandinavian 

guidelines show that S100B still has some potential clinical utility, but it must be used in a 

controlled set of circumstances. 12,13More research and studies with patient populations based in 



the United States need to be done before these guidelines could be implemented in the U.S. 

healthcare system.  

Multiple studies show the clinic utility of GFAP and UCH-L1 as biomarkers for mTBI 

evaluation. 14,15,17,19 Results of Bazarian et. al study show that biomarkers could reduce number 

of CTs done by approximately 34%.17 At this time, the biomarker test used in this study, Banyan 

Brain Trauma Indicator, is not available for use in the civilian (non-military) hospital setting. 

Because the United States Department of Defense helped sponsor the study that helped get FDA 

approval of the test and TBI is a significant problem in the military setting, the company states 

that “Banyan Biomarkers is currently dedicating all its efforts to meet the needs and 

requirements of the US Department of Defense. Once we have addressed those needs, we will 

then focus our attention to hospital laboratories and physicians.” 22 Because there are currently 

no biomarker tests available in the civilian clinical setting, they cannot be used clinically at this 

time. However, as it seems likely that these tests will become available in the future, it will be 

important for clinicians, particularly ED healthcare providers, to stay up to date about the current 

state of biomarker testing in clinical practice as this will allow them to provider better care to 

mild TBI patients. 

While the research discussed in this paper provides convincing evidence that biomarkers 

can be used to predict need for CT in mTBI patients, guidelines would still need to be developed 

as to how these biomarkers should be used. The biomarkers could be used as the sole evaluation 

measure or in conjunction with current clinical decision rules. One important factor to keep in 

mind is that as clinicians, we treat patients, not lab values. If the biomarker analysis comes back 

negative but the patient is showing significant signs that an intracranial injury has occurred, it 

would be imprudent to ignore all the clinical signs and forgo the CT because of one lab value. 



Thinking from this perspective, it would be better to find a way to use biomarker levels in 

conjunction with clinical presentation rather than using biomarkers alone to determine CT need. 

Biomarker testing would be most helpful in situations where the clinical decision rules give a 

patient an intermediate risk level for having an intracranial injury and needing a head CT. This 

would help prevent missing an intracranial injury while still increasing specificity of evaluation 

and decreasing number of head CTs done on mild TBI patients. 

Finally, it should be made apparent that because all the studies discussed in this paper 

included only adults in their sample populations, their results cannot be applied to evaluating 

mTBI in pediatric populations. There have been studies conducted that evaluate the accuracy of 

biomarker use in mTBI evaluation in pediatric populations. However, because pediatric 

management and evaluation of TBI is different than that of adults and a more specialized area of 

medicine, this paper chose to focus on biomarker use in adult populations only. 
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