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Abstract: Objective: Traumatic Brain Injury (TBI) is the most predominant cause of morbidity globally. The load of TBI in all age 

groups leads to a raise in the cost of treatment. The addition of blood biomarkers can provide more reliable information about neuronal 

injury and can aid clinical evaluation without sacrificing sensitivity. They may also serve as cost - effective tools with good specificity of 

TBI. Methodology: 34 severe TBI patients between 2019 to 2020, admitted to Nizam’s Institute of Medical Sciences, Hyderabad, India 

were enrolled.30 orthotrauma patients (OT) and 30 Healthy controls were also included in the study. All the participants were assessed 

for serum levels of Neurofilament Light protein (NFL) and S100B. Results: Serum NFL and S100B concentrations of the severe TBI 

patients on day 0 ranged from 150.8 to 414.6 pg/ml and 705.26 to 3747.37 pg/L. The NFL was markedly higher in severe TBI patients 

than Healthy controls and OT patients. The values at d0 after injury of NF - L (p=0.012) and S100B (p=0.202) and over the hospital 

stay were significantly higher in non survivors vs. survivors. Conclusion: NFL would help for better prognostication in TBI patients. 

Measurement of NFL in serum may be useful to assess the axonal degeneration by knowing the severity of TBI especially in long term 

impairment, Whereas, S100b can be useful to diagnose the disease.  
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1. Introduction 
 

Traumatic Brain Injury (TBI) is the most predominant cause 

of morbidity globally (1). The load of TBI has been 

transposed from young to elder generations which leads to a 

raise in the cost of treatment compared to young due to 

delay in recovery (2). Computed Tomography (CT) scan is 

the first modality required to evaluate patients of intracranial 

hemorrhage with high sensitivity. In TBI patients, the CT 

scans show low sensitivity for diffuse brain injury (3). MRI 

enhances the visualization of cortical contusions, diffuse 

axonal shear or injury, and white matter lesions, but the 

availability and usefulness of MRI in the acute stage is 

limited. Small micro - hemorrhagic foci may not be 

visualised either by CT or by MRI scan. Over the years, 

there have been no major changes in assessment of head 

injury. Many TBI patients agonize with secondary brain 

injuries like excitotoxicity, apoptosis, oxidative stress 

especially Severe TBI (4).  

 

2. Literature Survey 
 

Most of the research has focused on the therapeutic 

interventions in the early and delayed phase of TBI. Thus, 

developing a better medium for better monitoring, outcome 

prediction at the earliest is a major challenge. In an effort to 

aid this, the biomarkers help in diagnosis and prognosis of 

TBI is an urgent need. CSF is the main source for evaluating 

brain specific biomarkers but the collection of CSF is costly, 

invasive and not suitable for some medical settings. Brain 

specific blood based biomarkers are an attractive option as 

they have a strong translational potential in patient care and 

management. The most extensively studied blood 

biomarkers for TBI include S100B, neurofilament light 

protein (NFL). Neurofilaments are intermediate filaments 

present in the cytoplasm of neurons. The elevated levels of 

NFL was observed immediately after injury for 7 - 12 days 

(5). Mild TBI patients exhibited a significant increase in the 

serum levels of hyperphosphorylated neurofilaments H (p - 

NfH) on days 1 and 3 (6), however, a 6 - hour lag between 

the onset of injury and the rise in blood levels of p - NfH 

may limit the usefulness of this biomarker as an aid to 

diagnosis in the acute setting (7). NFL protein levels have 

been increased in TBI patients compared to non TBI (8). 

NFL could separate survivors from non - survivors, and the 

initial levels were predictive of 12 months of adverse 

clinical outcomes (9).  

 

S100B is a calcium - binding protein highly abundant in the 

astroglia cells of the brain. It has a half life of 60 - 120 min 

(10). Raised levels of S100B have been reported in patients 

with brain injury and increased permeability of the blood 

brain barrier (11). Elevated serum S100B levels can 

differentiate survivors and non - survivors of TBI in a study 

found after 48 hrs of brain injury where initial levels were 

found to be raised in both the groups (12). Time of sampling 

was studied and reported that S100B should be analysed 

within 6 hours of injury (13), another study reported that 

early sampling i. e. within 12 h after trauma has small 
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prognostic value and the outcome can be predicted better 

when the sampling was done serially for 12 - 36 h (14). 

These studies have shown that S100B is a promising 

biomarker of TBI. But it has some limitations due to its 

extracerebral sources like muscle and adipose tissue (15). It 

has poor sensitivity (61%) and specificity (77%) as it is 

elevated in patients with fractures and other extracranial 

injuries (77), (78). Serum S100B was found to be elevated in 

marathon runners without any evidence of brain injury. This 

problem of S100B’s lack of specificity to brain injury 

warrants crucial consideration in the evaluation of patients 

with traumatic brain injury (TBI) and multiple organ 

injuries.  

With the above in mind, we hypothesized that assessing 

NFL would help for better prognostication in TBI patients.  

 

3. Methodology 
 

3.1 Aims 

 

1) To assess serum NFL, independently and together with 

S100B correlated to severe TBI for hospital stay and on 

day 30 of injury.  

2) To investigate how Orthotrauma influence the biomarker 

levels over the time 

 

3.2 Study design 

 

The Subjects of either gender were recruited from the red 

triage of the emergency medicine department at Nizam's 

institute of medical sciences (NIMS), Hyderabad, Telangana 

from January 2019 to March 2020. The current study was 

approved by the Institutional Ethics Committee. Informed 

consent was obtained from all participants. NIMS. All 

consecutive patients with road traffic accidents who were 

documented with severe TBI over 18 to 60 years old who 

were admitted to the ICU during the first 48 hours after a 

close head injury, were included in the study. Age - matched 

ortho trauma patients (OT) and healthy controls were also 

included in the study. Pregnant women, Polytrauma were 

excluded. At Least four measurements of NFL and S100B, 

where the first sample had to be obtained within 48 hours of 

injury (d0) and second sample on day 7 of injury (d7), third 

sample on day of discharge (dd) and fourth sample on day 

30 of injury (d30).  

 

3.3 Emergency patient care:  

 

Every patient should receive Advanced Trauma Life Support 

(ATLS) based emergency management of neurotrauma 

patients. Initial Airway, Breathing, Circulation (ABC) 

approach should be done. Baseline GCS will be 

documented. The 1st CT scan should be done within 30 

minutes of approach to the Emergency Department. Based 

on the 1st CT report. The neurosurgeon's opinion would be 

sought for determining management. If required, the patient 

would be intubated for airway protection, mechanically 

ventilated for ICP reduction and support of breathing. On 

day 2, once the patient is hemodynamically stabilized at the 

end of 24 hrs, MRI GRE/SWI sequence for defining severity 

of TBI would be undertaken. Further management of 

patients would be based on recommended guidelines of 

neurocritical care.  

 

3.4 Sample collection and processing 

 

Blood samples from 34 severe TBI subjects were obtained 

within 48 hours of injury as well as from 30 ortho trauma 

patients and 30 healthy age - matched controls. Serum NFL 

concentrations were measured using MyBiosource ELISA 

kits with a sensitivity of 10pg/ml. S100B concentrations 

were measured using Elabscience ELISA kits with a 

sensitivity of 18.75pg/ml. The reference levels for healthy 

controls <100pg/ml for S100B (16) and 5.97 pg/ml for 

Plasma NFL (17) respectively. The results are expressed as 

mean ± standard deviation. P < 0.05 was considered 

significant. All the investigations carried out was according 

to Helsinki Recommendations.  

 

4. Results 
 

34 severe TBI patients were included. The mean age of the 

patients was 32.09 years (range 18 - 50 years). The initial 

GCS scores of the patients ranged from 3 to 8. Demographic 

and clinical characteristics of severe TBI, OT and healthy 

controls are presented in table 1 and figure 1.  

 

Table 1: Demographics and clinical characteristics of severe 

TBI, OT and healthy controls 
Variables severe TBI 

(GCS=3 - 8) n=34 

OT 

(n=30) 

healthy controls 

(n=30) 

Age, years, mean 32.09 (10.76) 19 - 57 (35.3) 22 - 57 (36.7) 

Male 33 (97.05%) 30 (100%) 15 (50%) 

Female 1 (2.94 %) 0 15 (50%) 

Mode of trauma 

Motor vehicle 

 accident 

29 (85.2%) 23 (76.6%) 0 

Fall 4 (11.7%) 2 (6.6%) 0 

Violence 1 (2.9%) 5 (16.6%) 0 

Mortality 11 (32.3%) 0 0 
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a) 

 
b) 

Figure 1: Radiographic diagnosis of severe TBI and OT. 

(a) various types of brain injuries were noted in severe TBI patients. (b) No. of ortho trauma was noted 

 

Dynamics of serum NFL in patients with severe TBI 

Serum NFL levels in severe TBI were significantly 

increased from day 0 (day of arrival) to day of discharge and 

the highest levels were measured at 7 - 15 days after injury. 

Serum S100B levels were raised on day 0 and the values 

started declines till the day of discharge, where the highest 

levels were observed on day 0.  

 

 

Serum NFL separates severe TBI patients from healthy 

controls and ortho trauma 

Serum NFL concentrations of the severe TBI patients on day 

0 ranged from 150.8 to 414.6 pg/ml. Serum S100B 

concentrations of the severe TBI patients on day 0 ranged 

from 705.26 to 3747.37 pg/L (Table.2). The values of NFL 

(OT: 44.3±13.17, healthy controls: 30.55 ± 7.85, pg/ml) and 

S100B (OT: 452.13±121.14, healthy controls: 72.18±21.52 

pg/L) were markedly higher in severe TBI patients than 

serum levels in controls and OT patients.  

 

Table 2: Biomarkers levels in severe TBI, ortho trauma and healthy controls 

Biomarker d0 d7 Dd d30 P value 
OT 

d0 

Healthy controls 

d0 

NFL 251.68±78.28 312.73±105.16 312.9±97.88 255.3±59.54 0.007* 44.3±13.17 30.55 ± 7.85 

S100B 1882.6±824.8 788.04±143.22 343.46±139.9 206.4±87.85 <0.001* 452.13±121.14 72.18±21.52 

CRP 32.12±16.03 32.34±14.66 28.69±15.23 - 0.643 20.8±15.17 7.2±2.44 

P value >0.005 is considered as statistically significant (denoted as 
* 
in the table)  

 

Serum NFL separates survivors from Non survivors:  

NF - L levels at d0 hours after injury were significantly 

higher in non survivors vs survivors (p=0.012). Also, NFL 

levels over periods of hospital stay were significantly higher 

in non survivors as compared to survivors. The similar 

dynamics were noted for S100B but not statistically 

significant (p=0.202) (figure.2), however, the values were 

not maintained till the day of discharge.  

Figure 2 
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a) 

 

 
b) 

 

 
c) 

Figure 2 (a) and (b) illustrate every patient as an individual 

line with the biomarker NFL (a) and S100B (b) on the y - 

axis and days of sample collection on the x - axis. (c) 

illustrates the NFL and S100B in serum samples obtained 

from Ortho trauma patients and Healthy controls. Values are 

presented as mean: error bars indicate standard deviation 

(SD). 

 

Figure 3: Serum NF - L and S100B in non - survivors versus 

survivors of severe traumatic brain injury.  

 

 
 (a) 

 
(b) 

Figure 3: Serum NF - L and S100B in non - survivors 

versus survivors of severe traumatic brain injury. NFL (a), 

S100B (b) in serum samples obtained on d0 after injury. 

Values are presented as mean: error bars indicate standard 

deviation (SD). 

 

5. Discussion 
 

In the present study we have examined a novel biomarker, 

serum NFL, cohort of patients with severe TBI, orthotrauma 

(OT) and healthy controls. In short, We found increased 

serum levels of both NFL and S100B in patients with severe 

TBI compared to ortho trauma and healthy controls. 

However, the release pattern of these markers in serum were 

different in all types of subjects. NFL concentrations were 

increased at admission and the values started decreasing 

slightly and these values were maintained till time of 

discharge, whereas S100B concentrations were increased at 

day0 and the values declined by the time of discharge in 

severe TBI. In ortho trauma patients, NFL concentrations 

were similar to controls, not much variation was observed, 

but S100B levels were high on admission compared to 

healthy controls but not as high as in severe TBI.  

 

To the best of our knowledge, this is the first study to 

sample serum following ortho trauma patients to compare 

the predictive value of NFL and S100B along with severe 

TBI and healthy controls. NFL is an axonal protein, whereas 

S100B is majorly present in astrocytes and may not reflect 
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the extent of brain damage effectively. However, raised 

S100B levels in serum may be due to extracranial damage 

(18) - (19), in agreement with our findings in our present 

study where S100B values were on higher side in ortho 

trauma patients on d0. NFL measured in CSF of severe TBI 

patients showed a similar releasing pattern to the serum NFL 

levels (20) and the same dynamics was observed in many 

neurological disorders such as multiple sclerosis (21), brain 

injury in Wilson's disease (22), acute ischemic stroke (23), 

spinal cord injury.  

 

An interesting observation arising from our study is that 

NFL and S100B showed different dynamics; while NFL 

increases gradually, S100B returns to approximately normal 

levels by the time of discharge.  

 

It is possible that serum NF - L may increase with 

progression in disease. However, NFL and S100B values 

were high in non survivors but only NFL shows 

significance. In a previous study, it was shown that S100B 

can predict unfavorable outcome in severe TBI which is in 

contrast to our present study (24).  

 

In ortho trauma patients, the NFL levels in ortho trauma 

patients were 44.3±13.17 pg/ml, slightly higher than Healthy 

controls (30.55 ± 7.85pg/ml) whereas S100B levels in ortho 

trauma patients were on higher side showing a 5 - fold 

increase than healthy controls (OT: 452.13±121.14, healthy 

controls: 72.18±21.52 pg/ml). It is due to the release of 

S100B from extracerebral source and the half life is also 

very less (approx.30 minutes) which compromises the 

importance of S100B in prognostication of TBI. (24)  

 

Secondary effects of injury such as inflammation have been 

found in our study by evaluating CRP. However, we found 

no significant difference in severe TBI patients on day 0 to 

the time of discharge.  

 

Thus, measurement of NFL in serum may have utility in the 

clinical settings for severe TBI.  

 

6. Conclusion 
 

Our data add support to the hypothesis that assessing NFL 

would help for better prognostication in TBI patients. 

Measurement of NFL in serum may be useful to assess the 

axonal degeneration by knowing the severity of TBI 

especially in long term impairment, Whereas, s100b can be 

useful to diagnose the disease.  

 

Limitations and Future Scope 

 

There are limitations to this study. First, the samples could 

not be collected immediately after injury because patients 

reach our hospital only after facing financial burden at 

corporate hospitals. Hence, the trends of biomarkers were 

missed for the first two days. The sample size is low, the 

research has to be continued with a larger population and 

with various brain injury markers.  
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