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ABSTRACT The objective of this study was to investigate the diagnostic value of serum tau protein in determining the severity of traumatic brain injury in patients with mild traumatic brain injury (mTBI) and high-risk patients. Adult patients who presented to our emergency department (ED) with mTBI over 1 year were prospectively enrolled. Patients underwent cranial computed tomography (CT) and were subdivided into high- and low-risk groups, according to the probability of resultant intracranial injury. Serum tau levels of 60 patients and 20 healthy volunteers, who served as a control group, were measured. The mean age of the 60 patients (45 males, 15 females) was 32.5 years (range, 15–66 y). Mean Glasgow Coma Scale (GCS) score was 14±0.6. CT scans demonstrated intracranial injury in 11 patients (18.3%) and depressed fracture in 4 patients (6.7%). Serum tau levels of patients (188±210 pg/mL), compared with those of controls (86±48 pg/mL), were relatively higher; however, differences were not statistically significant (P=.445).
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Also, serum tau levels of high-risk patients (307±246 pg/mL) were significantly higher than those of low-risk patients (77±61 pg/mL) (P=.001). A total of 48 patients (80%) were accessible for follow-up after 6 months. Postconcussive syndrome was observed in 8 patients, 5 of whom had serum tau protein levels that were higher than those of the other 3 patients. However, no statistically significant difference was observed (P>.05). Investigators of the present study noted that serum tau levels in patients with mTBI were increased. Therefore, it is believed that this biomarker may prove helpful in identifying high-risk patients with mTBI. However, additional studies are needed to establish the diagnostic value of serum tau in detecting traumatic brain injury in patients with mTBI.



Keywords: mild traumatic brain injury; serum tau protein; high risk; cranial CT INTRODUCTION The head is the most commonly injured part of the body in episodes of trauma, and up to 2 million cases of head injury are estimated to occur in the United States annually. Of these, about 500,000 patients visit an emergency department (ED) to seek medical care for their injuries; about 75% of these injuries are considered “mild.”1,2 Mild traumatic brain injury (mTBI) is a common clinical entity, yet agreement has not been reached on a universal definition, and standardized management strategies have been difficult to devise and are topics of controversy.2 The most important aspect of initial management in cases of mTBI is rapid identification of patients with head trauma who may have a life-threatening intracranial lesion that mandates immediate neurosurgical intervention. The presentation of mTBI is often subtle, and clinical predictors of intracranial injury have proved unreliable and often misleading.1,2 Intracranial injuries are associated with high rates of mortality and morbidity. Unfortunately, tools for diagnosis and risk stratification of intracranial injuries are of limited value in the ED setting. In this regard, the ED workup is limited to radiologic (eg, magnetic resonance imaging and computed tomography [CT]) and clinical evaluation (eg, symptoms, Glasgow Coma Scale [GCS], neurologic examination). Many patients without evidence of intracranial injury on CT scan have been known to experience long-term neuropsychological dysfunction.3,4 Recently, efforts have been made to find biochemical serum markers (eg, neuronspecific enolase, creatine kinase BB isoenzyme, protein s-100β, myelin basic protein) that may indicate the severity of traumatic brain injury that has occurred.5-9 Tau protein, a new serum marker, is a microtubule-associated protein that is primarily localized in the axonal compartment of neurons. Functionally, tau binds to axonal microtubules, resulting in the formation of axonal microtubule bundles. These bundles become important structural elements in the axonal cytoskeleton and are critical elements in the axoplasmic flow of proteins between the nerve terminal and the neuronal cell body.10 In a search of the literature, no study can be found on tau protein—the newest of such biochemical markers—and mTBI. The aim of the present study was to investigate the diagnostic value of serum tau protein for identification of traumatic brain injury in patients with mTBI; this may help the clinician to identify high-risk patients with mTBI in whom life-threatening complications may be observed.
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METHODS Study Design, Setting, and Population This prospective study included adults with mTBI who presented to a level 1 trauma center. The study protocol was approved by the Ethical Committee of the Faculty of Medicine of Uludag University. Moreover, this study was supported by the Scientific Research Projects Committee at Uludag University (project number: 2003/49). This study was conducted at a university hospital with an emergency medicine residency program and a patient volume of more than 30,000 annual visits. A total of 60 patients who presented to the ED with mTBI within 10 hours after blunt trauma, along with 20 healthy volunteers who served as a control group, were enrolled between April of 2003 and April of 2004. The accepted definition of mTBI was as follows: (1) posttraumatic amnesia lasting less than 24 hours, (2) loss of consciousness lasting less than 30 minutes, and (3) initial GCS in the ED of 13 to 15. Excluded were patients with a systolic blood pressure lower than 90 mm Hg, a partial oxygen saturation less than 92%, known neurologic or psychiatric disease, spinal cord injury, or focal neurologic deficits after trauma. Also excluded were patients who had been resuscitated, as well as those with a history of alcohol or drug addiction.



Study Protocol Demographic patient data, as well as time of injury, associated injuries, time of patient arrival to the ED, time serum samples were taken, and cranial CT scan findings, were recorded. Glasgow Outcome Scores (GOS) were evaluated after 24 hours and patients were called back for follow-up after 6 months, at which time they were assessed with regard to postconcussive syndrome (PCS). Patients were further subdivided into high- and low-risk groups according to the criteria listed in Table 1.11



Table 1. High and Low Risk in Patients With Mild Traumatic Brain Injury High risk Progressively worsening headache Vomiting Skull fracture Multiple trauma Initial GCS, 13 Loss of consciousness (>2 min)



Posttraumatic amnesia/confusion (>20 min) History of bleeding disorder/anticoagulation Recent ingestion of intoxicants Age >60 years Posttraumatic seizure



Low risk Currently asymptomatic No other injuries Initial GCS, 14–15



No change in consciousness Intact orientation/memory
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Cranial CT (Somatom Plus, Siemens Medical Systems, Erlangen, Germany) was performed on all patients on admission. Cranial CT scans were evaluated by a blinded attending neuroradiologist. Venous blood samples were taken from all patients and centrifuged at 3000 rpm for 15 minutes. Serum samples were then frozen and stored at –70ºC until they could be analyzed for tau protein concentrations with the use of a specific sandwich enzymelinked immunosorbent assay test (Innotest h TAU-Ag, Innogenetics, Gent, Belgium). The manufacturer has specified the analysis range as 75 to 1200 pg/mL, and 59 pg/mL as the lowest value that can be studied. For purposes of statistical evaluation, the serum tau value was determined to be 30 pg/mL for patients with a serum tau level below the lowest limit. Venous blood samples were taken from the control group, and only serum tau protein levels were considered.



Data Analysis In the statistical analysis, collected data were entered into the Statistical Package for the Social Sciences (SPSS) for Windows statistical program (version 10.0; SPSS Inc., Chicago, Ill, USA). Data were presented as mean±standard deviation for continuous parameters, and as frequency and percentage (n, %) for categorical variables. The groups, which were formed on the basis of several parameters, were compared by means of the Mann-Whitney U test. To compare percentages between groups, Pearson’s χ2 test and Fisher’s χ2 test were used. A P value below .05 was considered significant.



RESULTS A total of 60 patients, with a mean age of 32.5 years (15–66 y), were studied. General characteristics of the patient and control populations are shown in Table 2. The mean GCS patient score was 14.6±0.6. The mean time interval between trauma and ED admission was 85±75 minutes (15–300 min), and the mean time interval between trauma and blood sampling was 149±135 minutes (25–600 min). Mean time between trauma and cranial CT scan was 201±111 minutes (60–480 min). Although no disease was detected on the cranial CT scans of 45 (75%) patients, 4 (6.7%) patients had depressed fractures, and 11 (18.3%) had intracranial disease (epidural hematoma, 4; subdural hematoma, 1; subarachnoid hemorrhage, 1; contusion, 1; subdural hematoma and contusion, 2; epidural hematoma and subarachnoid hemorrhage, 1; subarachnoid hemorrhage and contusion, 1). A total of 5 patients underwent surgery (3 patients with epidural hematoma, 1 with epidural hematoma + subarachnoid hemorrhage, and 1 with a depressed fracture). Mean serum tau protein levels were 188±210 pg/mL (min 59.2–max 850) in the patient group and 86±48 pg/mL (min 59.2–max 215) in the control group. The serum tau protein level was higher in the patient group, but no statistically significant difference between groups could be determined (P=.445) (Fig 1). No significant difference was detected between the serum tau protein values of patients with normal cranial CT scans (150±163 pg/mL) and those of patients with established disease (201±223 pg/mL) (P=.473) (Fig 2).
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Table 2. General Characteristics of Patients With Mild Traumatic Brain Injury and Those in the Control Group



Number Mean age, y (range) Sex, F/M, n (%) GCS, n (%) 13 14 15 GOS, n (%) 5 4 1 High/low risk, n (%) Mean tau level, pg/mL Pathologic CT, n (%)



Patient Group



Control Group



60 32.5 (15–66) 15/45 (25/75)



20 26.5 (24–36) 9/11 (45/55)



4 (6.7) 15 (25) 41 (68) 55 (92) 3 (5) 1 (2) 28/32 (47/53) 188±210 15 (25)



– 86±48 –



Fig 1. Comparison between serum tau protein levels of patients with mild traumatic brain injury and those in the control group (P=.445). 1000
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Control Group (n=20)
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Fig 2. Comparison between serum tau protein levels of patients with normal and abnormal cranial CT (P=.473). 1000
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The high-risk group included 28 patients with a mean GCS score of 14.3±0.73, which is significantly higher than the mean GCS score (14.9±0.33) of patients in the low-risk group (32 patients) (P=.001). Similarly, mean serum tau protein levels of high-risk patients (307±246 pg/mL) were significantly higher than those of low-risk patients (77±61 pg/mL) (P=.001) (Fig 3). Mean serum tau protein levels of high-risk patients were significantly higher than those of the control group as well (P=.002). Similarly, when low-risk patients were compared with the control population, again a significant increase in favor of the low-risk group was observed (P=.026). Intracranial disease was detected on CT in 12.5% (4 cases) of low-risk patients and in 39.3% (11 cases) of high-risk patients. A total of 48 patients (80%) were available for follow-up after 6 months. PCS was observed in 8 patients, 5 of whom had serum tau protein levels higher than those of the other 3 patients; this difference was not statistically significant (P>.05).
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Fig 3. Comparison between serum tau protein levels of high-risk patients and low-risk patients (P=.001). 1000
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DISCUSSION Because of some of the limitations of clinical and radiologic assessment of head injury severity, considerable interest has been expressed in the development and use of biochemical measures to measure extent of brain damage and to improve prediction of outcomes.7 However, the potential usefulness of serum markers may exceed simple enhancement of the diagnostic and prognostic accuracy of standard evaluation. Rather than focusing on ruling out intracranial hemorrhage or impending herniation, evaluation of patients with closed head injury in the ED may soon focus on actually ruling out traumatic brain injury. A battery of serum markers may serve to supplement clinical parameters and findings of cranial CT scanning in the workup of head-injured patients, similar to the way that serum markers are used to supplement clinical parameters and electrocardiography in the workup of patients with chest pain.3 Several biochemical substances have been studied in the search for a specific marker for the brain that indicates cell damage—equivalent to creatine kinase isoenzyme MB or troponin T for myocardial cells.7 Stein assumed that patients with head injury should be classified according to a combination of clinical, radiographic, and laboratory parameters.12 Although several published studies have discussed the use of various serum markers (such as s-100β, neuron-specific enolase, creatine kinase isoenzyme BB, myelin basic
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protein) in the assessment of severity of traumatic brain damage following severe head injury (GCS, 3–8),7,8,13-16 no report has been issued on the most recently documented of these markers—tau protein—in patients with mTBI. Tau protein may provide a useful marker of central nervous system injury.17 Studies on the diagnostic value of tau protein in neurologic disorders such as Alzheimer’s disease (AD) found significantly increased amounts in the cerebrospinal fluid (CSF). Nevertheless, only a few studies have investigated serum tau protein measurements, and, although the results are contradictory, serum tau protein level is claimed to be less significant than CSF tau protein values.18-22 Mehta et al studied serum tau protein levels in 40 patients with Down syndrome and 25 patients with AD.22 Although investigators were able to measure the serum tau protein level in patients with Down syndrome, they could detect no serum tau protein in any of the patients with AD. These researchers emphasized that the degree of reflection of pathologic changes in the brain to the blood circulation is still not clearly understood. They, therefore, concluded that CSF might be more useful in detecting any disease in the brain.22 Ingelson et al studied the value of plasma tau protein measurement; for this purpose, they compared the plasma tau protein levels of patients with AD, frontotemporal dementia, and vascular dementia with those of healthy persons, but they failed to find a significant difference.18 They reported that serum tau protein measurements were not valuable in the diagnosis of AD.18 In the same study, lack of correlation between the CSF and plasma tau protein levels was reported, and plasma tau protein levels could not be measured in most (79%) of the cases studied.18 Süssmuth et al studied CSF tau protein levels in patients with different neurologic disorders (eg, Guillain-Barré syndrome, bacterial meningitis, viral encephalitis, stroke). They found increased CSF tau levels in patients with brain parenchymal disease independent of etiologic origin; moreover, they reported that CSF tau level is not dependent on blood–CSF barrier dysfunction.23 Irazuzta et al, on the other hand, showed a significant increase in CSF and serum tau protein levels in their experimental meningitis model.21 They reported that the elevation in serum tau levels reflects extensive neuronal damage in the brain and a compromised blood–brain barrier.21 However, this relationship between tau protein level and blood–brain barrier dysfunction does not match that described in previous studies. In the present study, no significant difference in serum tau protein levels was observed between patients with mTBI and those in the control group (188±210 and 86±48 pg/mL, respectively). One possible reason for this discrepancy may be the lack of data to explain pathophysiologic events leading to, and reasons for, measured CSF and blood tau protein levels. Shaw et al4 studied serum tau protein levels in 28 patients with closed head trauma (mean GCS, 10±4) and established a sensitivity of 53% and a specificity of 91% for serum tau protein in identification of an intracranial injury. It should be emphasized, however, that the detailed pharmacokinetics of the tau protein is not known, and measurements were expressed as present or absent, rather than as specific numeric values.4 In the present study, although the mean GCS for patients was 14±0.6, and the mean serum tau protein level was 188±210 pg/mL (thus, higher than the control group [86±48 pg/mL]), no statistical significance could be determined. The conflicting results obtained in these 2 studies could be explained by the significantly different degree of head injury reported in the studied patient groups.
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Zemlan et al15,24 studied patients with severe head injury whose GCS was no greater than 8; they reported that tau protein level in the CSF was significantly increased, and that initial tau protein levels in patients with poor GOS scores were 10 times higher than those in patients with good GOS scores. They concluded that measurement of CSF tau protein levels might be beneficial in patients with severe head injury.15,24 In a recent publication, Chatfield et al studied serum s-100β and tau protein levels in 20 patients with severe head trauma (GCS≤9).17 In contrast to previous results from CSF studies,24 they found no correlation between serum tau protein levels and outcomes following head injury.17 This report supports the results of the study described here. Because readings were below the lower detection limit of the test, Sjögren et al were not able to measure CSF tau protein values in 231 volunteers with no known neurologic or psychiatric disease.19 In the same study, they measured the average serum and CSF tau protein levels as 185 ng/L and 541 ng/L, respectively, in 7 of 16 patients with neurologic conditions. The authors claimed that tau protein would not be able to cross the blood–brain barrier in healthy persons; thus, it could not be measured in the CSF or in the serum. Because the blood–brain barrier is disrupted in neurologic disease, they hypothesized that the tau protein can be measured in serum.19 PCS, a symptom complex that consists of headache, nausea, difficulty in concentrating, depression, and peripheral vestibular system dysfunction, is reported to develop in about 15% to 50% of patients with mTBI; these symptoms may interfere with the social life and work of those affected.2,25 Ingebrigtsen et al studied 50 patients with mTBI and were able to establish a direct relationship between PCS symptoms and serum s-100β levels.26 No published studies have discussed the relationship between PCS symptoms following mTBI and serum tau protein levels. At the 6-month follow-up in this study, it was found that PCS symptoms had developed in 8 patients, and that serum tau protein levels were increased in 5 of them. However, no statistically significant difference was observed. As has been mentioned, detection of patients at high risk for mTBI is important if potential severe intracranial complications that might develop in the future are to be prevented. In the present study, serum tau protein levels of patients at high risk for mTBI were significantly higher than those of low-risk patients (P 
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