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Abstract: Traumatic brain injury is a global health problem, it is a major cause of devastating neurological sequelae and 

significant mortality. The underlying physiological events in traumatic brain injury are responsible for the poor clinical 

outcomes seen in patients. Inflammatory and oxidative stress changes in traumatic brain injury result in the release of 

inflammatory biomarkers, a reduction in the endogenous anti-oxidants and dysfunction of the blood brain barrier. An 

understanding of the natural history of oxidative stress and inflammatory changes in traumatic brain injury can help design 

appropriate management protocols to reduce mortality and morbidity in these patients. Aim of the study: The aim of this study 

was to identify potential biomarkers that are predictive of fatality in patients with moderate to severe traumatic brain injury. 

Methods: This was a prospective study of patients with moderate to severe traumatic brain injury managed at the Nelson 

Mandela Academic Hospital during the period March 2014 - March 2016. Following admission and management, the patient 

demographics (sex, age) and admission Glasgow Coma Score were recorded. Oxidative stress and inflammatory biomarkers in 

blood and cerebrospinal fluid where sampled on day 1 to 7. On day 14 only blood was sampled for the same biomarkers. The 

primary outcome was the Glasgow Outcome score assessed on day 90. Due to its simplicity the Glasgow Outcome scale was 

used to assess clinical outcomes at day 90. Because of difficulty in regular follow up due to the vastness of our region, difficult 

terrain and long travel distances a 3 month follow up period was used to avoid default. Results: Of the 64-patient’s, fatality was 

noted in 12.5% of them. There was a significant association between fatality and the; ages of the patients, anti-oxidant levels, 

proinflammatory biomarkers and admission Glasgow Coma Score. Conclusion: The admission Glasgow Coma Score, low anti-

oxidant levels and elevated serum interleukin-1β levels were associated with fatal outcomes. 
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1. Introduction 

Traumatic brain injury (TBI) is a significant cause of 

morbidity and mortality worldwide [4, 49]. Severe TBI is 

often associated with unfavourable outcomes with increased 

mortality among these patients [3, 5]. 

In traumatic brain injury, prognostic information is 

important not only in the counselling of the relatives but also 

to aid in providing effective therapeutic strategies. An earlier 

study noted that prognostication using computer based 

models can lead to effective use of resources in TBI patients 

[56]. Outcomes in traumatic brain injury (TBI) are dependent 

on several factors including, intracranial pressure (ICP), 

cerebral perfusion, metabolic function and oxygenation. 

Measurements of ICP, cerebral blood flow and cerebral 

perfusion pressure are necessary in order to avoid hypo-

perfusion, hyper-perfusion or hypoxia as these factors affect 

the state of cerebral oxygen consumption [34, 47, 81]. 

Traumatic brain injury is associated with, an increased 

generation of superoxide anions and hydroxyl radicals, this 

sets in motion a vicious cycle of oxidative damage which can 

lead to poor clinical outcomes in the patients [7, 29, 88]. 

These reactive oxygen intermediates including superoxide 
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anions, hydroxyl radicals, hydrogen peroxide and 

hypochlorous acid cause oxidative damage to cellular 

proteins and nucleic acids in addition to lipid peroxidation 

[37]. In traumatic brain injury there is accelerated lipid 

peroxidation with resultant increase in generation of 

malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) or 

2-propenol (acrolein), which cause brain edema and neuronal 

damage [75, 82]. 

The accelerated lipid peroxidation leading to increased 

generation of neurotoxic products in TBI disrupts the blood 

brain barrier, worsening cerebral oedema and intracranial 

pressure and often results in poor outcomes [75]. Termination 

of lipid peroxidation occurs in reactions involving lipid 

radicals with endogenous anti-oxidants. 

An increased expression of inflammatory mediators such 

as cytokines occurs in the cerebrospinal fluid and blood of 

traumatic brain injury patients [26, 40, 45, 85]. The 

secondary brain injury process integrates the chemokines, 

cytokines, complement factors and the oxidative stress 

factors [6, 12, 70]. 

Delayed or inadequate management of TBI may propagate 

an unregulated acute inflammatory response and may put in 

motion a vicious cycle of inflammatory damage [15, 29, 31, 

36, 50, 57, 66, 68, 76, 79, 88]. 

Major inflammatory cytokines including Interleukin-1β 

(IL-1β), interleukin-4 (IL-4), interleukin-6 (IL-6), 

interleukin-10, tumor necrosis factor alpha (TNF-α) and 

interleukin-18 are involved in traumatic brain injury. Tumor 

necrosis factor-α (TNF- ), interɑ leukin-1β and interleukin-

18 are pro-inflammatory cytokines. The anti-inflammatory 

mediators limit and control the effects of the pro-

inflammatory cytokine response [55]. Basic Inflammatory 

mediators including TNF-α, IL-1β and IL-6 elevated soon 

after traumatic brain injury, may exacerbate the 

inflammatory process causing neuronal tissue damage and 

may worsen the brain edema [2, 24, 65]. Though Glasgow 

Coma Score (GCS) is important in assessing the state of 

consciousness [74], it has great limitations and may be 

inconsistent when assessing survival and functional 

outcomes among TBI patients [13, 21]. Current 

management strategies in TBI have focussed on factors 

such as; the admission Glasgow Coma Score, puppilary 

reactivity, age of the patient, mechanism of injury [30], 

computerized tomography (CT) scan findings [48], 

intracranial pressure (ICP) and brain tissue oxygen tension 

(PBO2), little or no information regarding the impact of 

oxidative stress imbalance and inflammatory changes in 

TBI on outcomes can be deduced from this parameters. 

It is necessary to look for comprehensive clinical and 

biomarker profiles that would guide treatment of patients 

with moderate to severe traumatic brain injury. 

1.1. Inclusion Criteria 

1. Patients with moderate to severe Traumatic brain injury 

(GCS≤12) admitted to the neurosurgical service at the Nelson 

Mandela Academic Hospital in whom neuromonitoring and 

surgical intervention were indicated. 

2. Patients with intracranial pathology requiring 

neurosurgical intervention and or temporary cerebrospinal 

fluid diversion to reduce intracranial pressure. 

3. Patients and relatives who gave clear informed consent to 

participate in the study. 

1.2. Exclusion Criteria 

1. Patients whose relatives refused to participate in the study. 

2. Patients in whom neuromonitoring was not carried out 

due to logistical problems. 

3. Patients not admitted to the neurosurgical service. 

4. Patients who died while still in the accident and 

emergency department before admission or initiation of 

standard and routine medical and surgical management. 

2. Methods 

This study on patients with moderate to severe TBI 

admitted to the Nelson Mandela Academic Hospital from 

March 2014 to March 2016. The patients admitted underwent 

craniotomy and or craniectomy and had Intra-cranial pressure 

and brain tissue oxygen tension monitoring performed.  

Post operatively the patients were admitted to the intensive 

care unit (ICU) were ventilation, sedation, analgesia and 

monitoring of the ICP, PBO2 and brain tissue temperatures 

was done. 

Daily blood and cerebrospinal (CSF) fluid samples were 

taken for evaluation of inflammatory and oxidative stress 

biomarkers from day 1- day 7. On day 14 blood was sampled 

for evaluation of these biomarkers. Serum and cerebrospinal 

fluid total anti-oxidant capacity and superoxide dismutase 

(SOD) activities were analysed. The serum malondialdehyde 

(MDA) levels were assessed using thiobarbituric acid 

reactive substances (TBARS) assay while the inflammatory 

biomarkers in serum including; IL-1β, IL-6 and IL-10 were 

assayed using the Biolegend Elisa method. The patients were 

reviewed at 2 weeks and 12 weeks during which time the 

Glasgow Outcome Score assessment was done. 

2.1. Sample Collection and Storage 

The blood samples were collected by venipuncture into 

sterile vacutainers (Becton Dickinson or BD) non EDTA 

containing tubes. Following centrifugation of blood samples 

for 13 minutes at 3000 revolutions per minute, the 

supernatant (serum) was pipetted into vacutainer tubes. 

Aliquots were then placed into cryovials bearing the patients 

name, date and time of collection before storage at -80°C. 

Cerebrospinal fluid samples were also pippeted into cryovials 

and stored at -80°C. 

2.2. Malondialdehyde Assay by Evaluation of 

Thiobarbituric Acid Reactive Substances (TBARS) 

The OxiSelect™ TBARS Assay Kit for malondialdehyde 

Quantitation by Cell Biolabs, Inc. 7758 Arjons Drive San 

Diego, CA 92126) was used. 

Assay of Malondialdehyde (MDA) using thiobarbituric 
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acid reactive substances (TBARS) method is used for 

monitoring lipid peroxidation. The procedure was performed 

as per manufacturer specifications. 

2.3. Superoxide Dismutase Assay 

The superoxide dismutase (SOD) assay kit by Cayman 

chemical -USA 1180 E. Ellsworth RD. Ann Arbor MI, USA 

used. 

The Caymans superoxide dismutase assay kit utilizes 

tetrazolium salt for detection of superoxide radicals 

generated by xanthine oxidase and hypoxanthine. One unit of 

SOD is the amount of enzyme needed to exhibit 50% of 

dismutation of the superoxide radical. This assay measures 

all the 3 types of superoxide dismutase (Cu/Zn, Mn and 

FESOD). 

2.4. Total anti-oxidant Capacity Assay by Frap Method 

Principle of frap assay 

This method of evaluating the total anti-oxidant power is 

used to assess the ferric reducing potential of the sample. 

During this procedure, inactivation of oxidants was done in a 

redox reaction using reductants as the electron donating anti-

oxidants. Reduction of ferric tripyridyltriazone to a ferrous 

state occurs at a low pH to produce an intense blue colour 

which was measured by the change in absorbance at 593 nm. 

The change in absorbance was directly related to the total 

reduction of the electron donating anti-oxidants in the 

reaction. 

2.5. Interleukin Assay 

(BioLegend, Inc. BioLegend is ISO 9001: 2008 and ISO 

13485: 2003 Certified 9727 Pacific Heights Blvd, San Diego, 

CA 92121). 

Interleukin-1β, interleukin-6 and interleukin-10 assay was 

performed using the BioLegend’s ELISA MAX™ Deluxe 

Sets. The assay was carried out as per manufacturer 

specifications. 

2.6. Ethical Considerations 

Before initiation of the study, Ethical and institutional 

approval had to be obtained from the Walter Sisulu 

University and the department of Health (WSU Protocol 

number 019/2013) according to the ethical guidelines of the 

Helsinki declaration of 1975 (principles). 

2.7. Data and Statistical Analysis 

Data analysis was carried out using statistical package for 

social sciences (SPSS)
®

 Version 23.0 for Windows (IBM 

SPSS Inc New York, NY USA). Univariate and multivariate 

logistic regression models including; Receiver operating 

curves (ROC), Cox regression, Kaplan Meier estimates, were 

used to identify the variables that were independently 

associated with survival and recovery. 

3. Results 

3.1. Potential and Independent Predictors of Fatality in 

Patients with Moderate to Severe TBI 

Predictors of Fatality from Admission to Discharge 

In this study 64 patients with moderate to severe TBI were 

managed. The primary outcome was the Glasgow Outcome 

Score assessment at 90 days after TBI. Out of the 64 patients 

12.5% (n=8) died after the 2
nd

 week and before the 3
rd

 week, 

among the surviving patients, 42 had a GOS of ≥ 4 while the 

remaining 15% of patients had a GOS ≤ 3. 

There was a significant association between fatality and; 

age of patients, serum IL-1β, serum TAC, cerebrospinal fluid 

SOD, CSF TAC, admission GCS. 

3.2. Univariate Analysis and ROC Curves to Predict 

Fatality 

Receiver operating curves of sensitivity vs. 1-specificity 

for age, serum inflammatory or oxidant biomarkers (serum 

IL-1β, serum IL-10, serum MDA (by TBARS assay), (Figure 

1) and for anti-oxidants (serum SOD, serum TAC, CSF SOD, 

CSF TAC) (Figure 1) were used to discriminate fatal from 

non-fatal TBI cases. However, there was no significant 

correlation between serum IL-6, serum SOD, CSF SOD, CSF 

TAC and fatality (P>0.05). 

In this study, increased fatality was seen in; young patients 

(< 20 years), those with increased inflammatory or pro-

oxidant biomarkers and in patients with low levels of anti-

oxidant biomarkers. 

The ROC methods were used to discriminate fatal cases 

and survivors, as shown in (Table 1). Thus, the prognostic 

performance of serum IL-1β, serum IL-10, serum MDA (by 

TBARS assay), age, serum SOD, serum TAC, CSF-SOD and 

CSF TAC was according to the pattern seen in the area under 

curve (AUC). 

Table 1. Univariate correlates of fatality. 

Variable of interest Death % (n) Survival % (n) P-value 

Age groups in yrs.    

1-19 18.2 (4) 81.8 (18) 

0.049 20-39 8.6 (3) 91.4 (32) 

40-62 14.3 (1) 85.6 (6) 

Serum IL-1β    

≥ 45 pg/mL 25 (3) 75 (9) 
<0.001 

≤45 pg/mL 9.6 (5) 90.4 (47) 

Serum TBARS    

≥ 1.4µmol/L 22.2 (4) 77.8 (14) 
0.035 

≤ 1.4µmol/L 10.9 (5) 89.1 (41) 
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Variable of interest Death % (n) Survival % (n) P-value 

CSF SOD   
 

≥0.3 IU/mL 16.7 (4) 83.3 (20) 
0.045 

≤0.3 IU/mL 10 (4) 90 (36) 

Serum IL-10    

≥60pg/mL 20.8 (5) 79.2 (19) 
<0.0001 

≤60pg/mL 5 (2) 95.1 (38) 

Admission GCS    

≤7 35.7 (5) 64.3 (9) 
<0.0001 

>7 6 (3) 94 (47) 

Serum TAC    

≥450µmol/L 21.7 (5) 78.3 (18) 
<0.001 

≤450µnol/L 7.1 (3) 92.9 (39) 

Table 2. Cutoff values as predictors of fatal outcome in TBI. 

Variable Optimal Cutoff Relative risk 95% CI P-Value 

Admission GCS ≤7 6 3.3-10.7 <0.0001 

AGE group ≤20 years 1.2 1.03-1.3 <0.001 

Serum-IL1 pg/ml ≥35 1.4 1.2-1.5 <0.0001 

Serum TBARS µmol/L ≥1.4 1.3 1.2-1.5 <0.0001 

Serum SOD IU/mL ≤0.3 1.5 1.3-1.8 <0.0001 

Serum TAC µmol/L ≤450 1.4 1.2-1.6 <0.0001 

CSF SOD IU/ml ≤0.3 1.7 1.4-2.0 <0.0001 

CSF TAC µmol/L ≥300 1.6 1.3-1.8 <0.0001 

 

Receiver operating curve methods identified the optimal 

cut-off values for serum IL-1β to be ≥45pg/mL, (area under 

curve [AUC] 0.629; 95% CI 0.537-0.721 SE 0.0047 P=0.008 

sensitivity 70%, specificity 51%) (Figure 1). 

Using ROC methods, the optimal cut-off for serum MDA 

(or TBARS) was ≥1.4µmol/L with prognostic and diagnostic 

performance defined by area under curve (AUC) 0.649; 95% 

CI 0.561-0736; SE=0.045; P value=0.002; sensitivity 73%; 

specificity=51%, according to ROC (Figure 1). 

Using the ROC methods, the optimal cut-off for CSF SOD 

was ≤ 0.4 IU/mL (AUC=0.647; 95% CI=0.548-0746; 

SE=0.051, P value=0.003, sensitivity 70%, specificity=50%) 

according to ROC (Figure 1). 

For interleukin-10 ROC methods ROC methods obtained 

the following; optimal cut-off for serum IL 10≥60pg/mL 

(AUC=0.639; 95% CI=0.560-0.719, SE=0.041, P<0.004, 

sensitivity=75%, specificity=68%) (Figure 1). 

Receiver operating curves identified the optimal cut-off for 

serum TAC ≤450 µmol/mL, (AUC 0.724; CI=0.629-0.819 

SE=0.048, P<0.0001, sensitivity=70%, specificity=60%) 

(Figure 1). 

The cut-off for Glasgow Coma Score defined the 

following; GCS ≤7 (AUC=0.867; 95% CI=0.827-0.907, 

SE=0.020, P value <0.0001, sensitivity 84%, 

specificity=70%) according to ROC methods. 

The mean value of serum IL-1β associated with fatality 

was 45 ≥pg/mL, Serum TBARS ≥1.4µmol/L, CSF 

SOD≤0.4IU/mL, Serum IL 10 ≥60pg/mL, admission GCS ≤ 

7, age groups=1-19 years, serum TAC ≤450µmol/mL, were 

identified as significant univariate predictors of fatality in the 

study population. 

The relative risk for fatality was multiplied by; х6, х1.2, 

х1.4, х -1.3, х1.5, х1.4, х1.7, х1.6 in cases of GCS <7, age 

<20 years, serum IL-1β ≥35 pg/mL, serum TBARS ≥1.4 

µmol/L, serum SOD ≤0.3 IU/mL, serum TAC ≤450 µmol/mL, 

CSF SOD ≤0.3 IU/mL respectively. 

3.3. Multivariate Cox Regression Analysis to Predict 

Fatality in TBI 

After adjusting for confounding factors such as age groups, 

cerebrospinal fluid SOD, and serum TAC using Cox 

regression analysis, serum IL-1β ≥45 pg/mL serum MDA 

(TBARS) ≥1.4 µmol/L, serum IL 10≥ 60 pg/ml and GCS at 

admission ≤7 were identified as the most significant 

predictors for fatality (Table 3) thus the multivariate hazard 

ratio for mortality was multiplied by ×5, ×4, ×2, ×2, by 

admission GCS <7, serum IL 10 ≥60 pg/mL, serum MDA 

(TBARS) ≥1.4µmol/L, serum IL -1 ≥45 pg/mL respectively 

(Table 1). 

Table 3. 1ndependent predictors of fatality by Cox regression. 

Independent predictors Β SE Wald HR (95%CI) P-Value 

Serum IL-1  

≥45pg/ml 
0.856 0.350 5.973 

2.4 (1.2-4.7) 
0.015 

≤45pg/ml 1 reference 

Serum TBARS  

≥1.4µmol/L 
0.692 0.338 4.186 

2 (1.03-3.9) 
0.041 

≤1.4µmol/L 1 reference 

Serum IL-10  

≥60pg/ml 
1.300 0.375 12.026 

3.7 (1.767.7) 
<0.001 

≤60pg/ml 1 reference 
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Independent predictors Β SE Wald HR (95%CI) P-Value 

GCS admission  

≤7 
1.682 0.338 24.702 

5.4 (2.7710.4) 
<0.0001 

>7 1 reference 

 

Figure 1. Significant univariate predictors of fatality using ROC curves. 

3.4. Kaplan Meier Analysis for Prediction of Fatality in TBI 

The cumulative probability of fatality by time (survival 

free of event) was characterized by stratification of 

independent predictors (serum IL-10, serum IL-1β, serum 

TBARS, admission GCS according to Log Rank test 

(Mantel-Cox) of Kaplan-Meier curves. 

3.4.1. Kaplan Meier Analysis of GCS at 2 Weeks (Day-14) 

Stratified by two groups of GCS ≤8 at 2 weeks with 

overall comparisons of durations of Log Rank (Mantel-Cox); 

P<0.0001 depicts survival functions using Kaplan Meier 

curve. 

Patients with GCS of >8 at two weeks had a high 

probability of survival (96%; P<0.0001) compared to those 

whose GCS was <8. This indicates that a GCS of < 8 at 

weeks is a negative predictor of survival and is highly 

predictive of fatal outcome. 

3.4.2. Kaplan Meier Analysis of GCS at 3 Months as an 

Indicator of Survival 

Stratified by two groups of GCS < or >7 at admission with 

overall comparisons of durations of Log Rank (Mantel-Cox); 

P<0.0001 depicts survival functions using Kaplan Meier 

curves (Figure 2). 
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Figure 2. Kaplan Meier curves for GCS prognostication at 3 months. 

The probability of survival based on GCS >7 was 

significantly higher (94%) than the probability of survival in 

patients with GCS < 7. The cumulative proportion of patients 

with GCS ≤ 7 likely to survive by day 90 was low (64.3%; 

mean duration of survival=60.6 ± 4.7 days). This is 

significantly lower than the cumulative proportion of patients 

with GCS >7 surviving (94%; mean duration of 

survival=85.2±1.2 days; p value=<0.0001.).  

3.4.3. Kaplan Meier Analysis of Serum Interleukin-10 as an 

Indicator of Survival 

Stratified by two groups of serum interleukin-10 cut-off of 

≥60pg/mL or ≤60 pg/mL with overall comparison of 

durations of log Rank (Mantel-Cox); p <0.0001 depicts 

survival functions using Kaplan-Meier curves for cumulative 

survival (Figure 3). 

 

Figure 3. Shows Kaplan Meier curves for serum IL-10. 

The estimation of the cumulative proportion of patients 

surviving by day 90 with serum IL-10 <60 pg/ml, was 94.3% 

with a mean duration of survival being 85.1±1.5 days, this 

was significantly higher than the cumulative proportion of 

patients surviving with IL-10 >60 pg/ml and with a mean 

duration of survival=73.3±2.7 days (P-value <0.0001). 

3.4.4. Kaplan Meier Analysis of Serum Interleukin-1β as an 

Indicator of Survival 

Stratified by two groups of sera interleukin-1β cut-off of 

≥45 pg/ml or ≤45 pg/ml with overall comparisons of 

durations using log Rank (Mantel-Cox) P value <0.0001 

depicts survival functions using Kaplan Meier curves for 

serum IL-1β cumulative survival (Figure 4). 

 

Figure 4. Kaplan Meier curves for serum IL-1β. 

The estimation of the cumulative proportion of patients 

with IL-1β >45 pg/ml surviving on day 90 was 75% with a 

mean duration for survival=69.7±4.6 days, this was 

significantly lower than when IL-1β levels <45 pg/ml were 

the cumulative proportion of survival was 90.4% with a mean 

duration of survival being longer (82.1±1.5 days; P value 

<0.001). 

3.4.5. Kaplan Meier Analysis of Serum MDA (by TBARS 

Assay) to Predict Survival and Fatality 

Stratified by two groups of serum TBARS measurements 

of MDA cut-off of ≥1.4 µmol/L or ≤1.4 µmol/L with overall 

comparison of durations using log Rank (Mantel-Cox) 

P=0.033 depicts survival functions using Kaplan Meier’s 

curves for cumulative survival (Figure 5). The estimation of 

the cumulative proportion of patients with MDA (serum 

TBARS) levels ≥1.4 µmol/L surviving by day 90 was 81.3% 

with a mean duration of survival being=74.7±3.3 days, this 

was significantly lower than the survival of 90% in patients 

with TBARS level <1.4 µmol/L, with a mean duration of 

survival of 81.6±1.6 days (P value=0.033). 

The biomarkers with the highest risk factors for fatality 

were; serum IL-1β ≥45 pg/ml, serum MDA ≥1.4 µmol/l 

likely, serum IL-1β ≥45 pg/mL. 

4. Discussion 

The management of ICP is important in reducing morbidity 

or mortality in TBI patients [41, 59]. Various studies have 
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revealed that better clinical outcomes may be obtained from 

treating ICP, the brain trauma foundation guidelines 

recommend treatment for ICP>20mmHg [1, 64, 72, 84]. 

 

Figure 5. Kaplan Meier curves for serum TBARS. 

Potential and Independent Predictors of Fatality in TBI 

Patients 

Prognosis of fatal outcomes from admission to discharge 

Univariate analysis using receiver operating curves (ROC) 

Though prognostic models based on early clinical data 

have been used to determine patient outcomes in TBI patients, 

their use has not been universal due to limitation of external 

validation. This study attempts to combine and correlate 

clinical and biochemical data and relate this to clinical 

outcomes in patients with moderate to severe TBI. 

We aimed to determine clinical outcomes not only based 

on admission characteristics but also on the physiological and 

biochemical characteristics of biomarkers during the 

management of these patients. 

Out of the 64 patients, 12.5% died (n=8) and 87.5% (n=56) 

survived during the 90-day period of management and follow 

up. Independent predictors of fatality among the clinical and 

biological markers were identified using univariate and 

multivariate analysis. 

Using receiver operating curve analysis, a threshold value 

of serum IL-1β ≥ 45 pg/mL was found to be predictive of 

poor outcomes. The ROC curve prognostic performance of 

serum IL-1β ≥ 45 pg/mL in predicting a 90-day fatality was 

estimated to have a sensitivity of 70% and specificity of 51% 

(AUC=0.629; 95% CI=0.537-0.721; p value=0.008). Thus, in 

this study, there was increased mortality in patients whose 

IL-1β levels exceeded the threshold demonstrated. This 

predictive ability of interleukin-1β is most likely due to its 

pro-inflammatory effects. 

Interleukin-1β is a pro-inflammatory cytokine that 

enhances neuro-inflammation and aggravates blood brain 

barrier breakdown. Pro-inflammatory responses may have far 

reaching effects on patient outcomes in TBI. Uncontrolled 

IL-1β pro-inflammatory responses in TBI affect the recovery 

of patients and lead to increased morbidity and mortality 

among these patients [78]. Various studies show the degree of 

elevation of IL-1β to be correlated with the severity of 

traumatic brain injury and can be predictive of poor clinical 

outcomes [52]. The upregulation of IL-1β expression that 

occurs after TBI, may worsen hemorrhagic contusions, 

neuronal tissue injury and lead to exacerbation of brain 

edema by causing a breakdown of the blood brain barrier [14, 

77]. Kaplan Meier estimation of the cumulative proportion of 

patients with serum IL-1β > 45 pg/ml surviving by day 90 

was 75% (mean duration for survival=69.7±4.6 days), this is 

significantly lower (P < 0.001) than the survival duration 

when the IL-1β levels is < 45 pg/ml, in this case the 

cumulative proportion of patients surviving was 90.4% 

(mean duration of survival=82.1±1.5 days). 

This study shows that low levels of IL-1β (≤ 45 pg/ml) 

were associated with prolonged survival in our patients. 

These findings highlight the impact of elevated serum IL-1β 

levels (>45 pg/ml), a pro-inflammatory mediator on survival 

of patients with TBI. Various studies show that the 

upregulation of interleukin-1β, leads to increased pro-

inflammatory activity with resultant exacerbation of neuronal 

tissue injury [22, 87]. An increased activity of IL-1β after 

TBI, may also worsen brain edema and hemorrhagic 

contusion and lead to poor clinical outcomes [14, 77]. A 

lower concentration of serum IL-1β (≤ 45pg/ml) during 

management of TBI patients seems to be the evidence of a 

reduced pro-inflammatory response and aids in clinical 

recovery of these patients as demonstrated by the prolonged 

survival in these patients (p-value <0.001). These findings 

are similar to those in other studies that demonstrated an 

association between elevated cytokines (serum IL-1β, IL-10, 

TNF-α) with poor outcomes and increased mortality [69, 73]. 

Analysis using receiver operating curves (ROC) to predict 

90-day fatality among our TBI patients identified CSF SOD ≤ 

0.3 IU/mL as predictive of fatality with a sensitivity of 70% 

and specificity of 50% (AUC=0.647; 95% CI=0.548-0746; P 

value=0.003). Thus, patients with a lower cerebrospinal fluid 

SOD <0.3 IU/mL had a high 90-day mortality compared to 

patients with high CSF SOD values. This is a clear reflection 

of the impact of reduced enzymatic anti-oxidant activity and 

associated increased reactive oxygen species generation on 

survival of patients with TBI. 

The increased generation of reactive oxygen species 

including superoxide anions during TBI results in neuronal 

tissue damage, and increased brain edema. To correct this 

oxidative stress imbalance the host anti-oxidant mechanisms 

are activated with resultant heightened activity of superoxide 

dismutase and increased total anti-oxidant levels [8]. 

Multivariate and univariate analysis revealed a threshold 

value of serum IL-10 of 60 pg/ml to be predictive of clinical 

outcomes. Based on receiver operative curve analysis, levels 

of serum IL-10 >60 pg/ml were predictive of 90-day fatality 

(Area Under Curve=0.639; 95% CI=0.560-0.719; p-value < 

0.004) with a sensitivity of 75% and a specificity of 68%. It 

was noted that increased IL-10 levels beyond this threshold 

value was associated with increased mortality among the TBI 

patients. The cumulative proportion of patients surviving by 

day 90, based on levels of interleukin-10 < 60 pg/ml was 
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94.3% (the mean duration of survival=85.1±1.5 days), this is 

significantly higher (P-value <0.0001) than the proportion of 

patients surviving with IL-10 > 60 pg/ml (mean duration of 

survival=73.3±2.7days). Though IL-10 has important anti-

inflammatory effects, levels > 60 pg/ml may have a 

counterproductive impact on survival. It is likely that 

disproportionally elevated levels of interleukin-10 (> 60 

pg/ml) are associated with loss of the anti-inflammatory 

response and may exacerbate the inflammatory process 

leading to further neuronal damage. Similar findings of 

elevated IL-10 being associated with increased mortality 

among TBI patients have been demonstrated in various 

studies [16, 73]. Interleukin-10 an important anti-

inflammatory marker, is of value in predictive survival in 

patients with TBI. The cumulative number of patients with 

interleukin-10 levels < 60 pg/ml who survived was far 

greater than in patients who had IL-10 levels > 60pg/ml 

during the period of management (p < 0.0001). Though IL-10 

is anti-inflammatory in action, levels higher than 60 pg/ml 

may be detrimental and may impact negatively on survival. 

However, there is enough evidence to support the observation 

that anti-inflammatory effects of Interleukin-10 downregulate 

and suppress pro-inflammatory cytokine production [38, 63]. 

The 90 -day mortality prediction using ROC also identified 

the prognostic significance of serum total anti-oxidant 

capacity (TAC). Serum TAC levels ≤ 450 µmol/L had 

sensitivity of 70% and specificity of 60% in predicting 

fatality (AUC=0.724; 95% CI 0.827-0.907; p value < 0.0001). 

Patients with values lower than the threshold were more 

likely to have poor outcomes and to die by day 90. These 

tests were noted to be significant in identifying the possible 

predictors of poor outcomes and fatality but must be 

combined with the other clinical parameters including, CT 

scan findings and intracranial pathology. 

This study further identified the Glasgow Coma Score 

(GCS) of ≤ 7 as being highly predictive of 90-day fatal 

outcomes. Indeed, ROC curve analysis identified the 

predictive value of GCS ≤ 7 in our TBI patients (AUC=0.867; 

95% CI=0.827-0.907; P value < 0.0001; sensitivity 84%, 

specificity=70%). In this study, the high AUC and sensitivity 

in predicting fatal outcomes as noted exceeded that of any 

other models or markers used. This high prognostic potential 

of GCS has been demonstrated in other studies that showed 

GCS as a significant predictor of neurological recovery in 

TBI patients [33, 61]. The findings in this study serve to 

demonstrate GCS as an important tool in predicting clinical 

outcomes in patients with moderate to severe TBI. Various 

other studies have also shown the importance of the 

admission GCS or GCS motor score in predicting fatality in 

TBI patients [33, 67]. Beside the GCS, various studies show 

pupillary reactivity to be an important clinical predictor of 

outcomes in TBI patients. Furthermore, Cox regression 

analysis in this study reveals an admission GCS of ≤ 7 to be 

highly predictive of mortality after TBI (HR 5.4 [95% 

CI=2.77-10.4] P <0.0001). 

Other studies identified the motor score in the admission GCS 

as being the single most important predictor of mortality [46]. 

Thus, clinical parameters used in outcome prediction for TBI 

patients have included age, pupillary reactivity, GCS, motor 

component in the GCS, body temperature, significant non-

cranial injuries and blood glucose [44, 71]. 

Kaplan Meier estimation of the cumulative proportion of 

patients with an admission GCS ≤ 7 surviving on day 90, was 

estimated to be 64.3% with a mean duration to survival of 

60.6±4.7 days, which is significantly lower (p value <0.0001) 

than the 90-day survival of 94% (mean duration of 

survival=85.2±1.2) in patients with an admission GCS >7. 

This study reveals that the admission Glasgow Coma Score 

assessment not only gives information on the state of 

consciousness but is highly predictive of clinical outcomes. 

These findings are similar to those in other studies which 

identified GCS as an important predictor of clinical outcomes 

in patients with TBI [46, 62]. Indeed as in the corticosteroid 

randomized control study (CRASH) [71] the GCS coma 

score was highly predictive of fatality. 

This study reveals that the GCS can be used in prediction 

of fatality and in estimation of survival probability in TBI 

patients. The multiple studies on clinical and biological 

markers to determine prognostic and predictive potential 

have revealed important findings and support early 

neurosurgical intervention to minimize the oxidative stress 

imbalance and limit the pro-inflammatory response in TBI 

patients. Based on Kaplan Meier curves, this study shows 

that admission GCS >7 is highly significant in predicting the 

survival of patients with a probability of survival at 3 months 

(90 days) being 94% (p-value < 0.0001) in TBI patients. 

Similar findings as observed by Teasdale and Jennett 

revealed the GCS to be important not only in assessment of 

patients with traumatic brain injury but also in predicting 

clinical outcomes [74]. These findings, mirror those that 

revealed the admission GCS as an important prognostic 

marker for clinical recovery after TBI [33, 61]. 

The ROC curve prognostic performance in predicting 

fatality using thiobarbituric acid reactive substances (TBARS) 

assay to assess malondialdehyde a product of lipid 

peroxidation also revealed a sensitivity of 73% and 

specificity of 51% (Area Under Curve 0.649; 95% CI: 0.561-

0.736 P-value=0.002), when the value of serum MDA was ≥ 

1.4µmol/L. Increased oxidative stress imbalance in TBI leads 

to increased lipid peroxidation with resultant generation of 

malondialdehyde and other neurotoxic aldehydes in these 

patients [11, 27, 28]. Termination lipid peroxidation requires 

the presence of an efficient endogenous antioxidant system 

[10, 25, 51, 53, 83]. 

Our study shows that exaggerated elevation of the 

malondialdehyde ≥ 1.4 µmol/L is prognostic of fatality in these 

patients. Similar findings have been revealed by studies that 

demonstrated high levels of malondialdehyde (MDA) to be 

predictive of fatal outcomes after TBI [42, 43, 60]. In patients 

with severe TBI, reactive aldehydes including 

malondialdehyde become elevated, these not only cause 

neuronal tissue injury but also cause; blood brain barrier 

disruption, increase cerebrovascular permeability and 

interruption of glucose transport across cerebral biological 
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membranes and can contribute to poor clinical outcomes in 

these patients [17-19]. This study reveals that elevated 

malondialdehyde (MDA) levels ≥ 1.4 µmol/L may determine 

clinical outcomes following TBI. Serum MDA ≥ 1.4 µmol/L 

predicted a 90-day mortality with increased risk of fatal 

outcomes as revealed by Cox regression analysis (HR: 2 [95% 

CI=1.03-3.9], P=0.041). These findings are similar to those in 

a recent study which found a significant association between 

elevated MDA levels and early 30-day mortality. Thus, high 

serum malondialdehyde levels were noted to be predictive of 

mortality in TBI patients [43]. 

Elevated serum MDA levels are highly indicative of 

oxidative stress imbalance which impacts significantly on 

survival and mortality in patients with moderate to severe 

TBI. The management of TBI patients should not only be 

directed at the removal of the offending lesion but also at 

correcting the metabolic state, oxidative stress imbalance and 

inflammatory response. Kaplan Meier estimation of the 

cumulative proportion of patients with serum MDA 

levels >1.4 µmol surviving by day 90 was 81.3% (mean 

duration of survival=74.7±3.3 days) this is significantly 

lower than when the serum MDA levels were < 1.4 µmol/l 

where 90% of the patients survived (mean duration of 

survival=81.6±1.6 days p value=0.033). 

Efficient management of patients with moderate to severe 

TBI results in the resolution of oxidative stress imbalance 

and can reduce lipid peroxidation. This can lead to a 

reduction in the concentration of serum MDA levels and may 

prolong survival and reduce mortality in these patients as 

shown in the study. This study shows that serum biomarker 

values elevated above the thresholds (IL-1β ≥45 pg/ml, MDA 

Cut-off ≥ 1.4 µmol/l) are risk factors for fatality among 

patients with moderate to severe TBI. In this study, low 

levels of serum MDA are associated with prolonged survival 

among TBI patients. Various studies show that increased lipid 

peroxidation results in high MDA levels in patients with 

severe TBI [11, 27, 28]. Our study highlights this fact and 

demonstrates that the higher the MDA levels, the greater the 

oxidative stress imbalance and the more likely the outcome 

will be fatal. Thus, as in previously documented studies 

increased lipid peroxidation manifested by high MDA levels 

has been seen to be associated with increased mortality and 

poor neurological outcomes in TBI patients [42, 43]. 

Indeed, several studies have been done to find an optimum 

or ideal biomarker in predicting clinical outcomes in TBI 

patients. This is revealed by the number of studies done to 

evaluate the role of several of these biomarkers including 

S100B, glial fibrillary acidic protein, Neuron specific enolase, 

myelin basic protein among others. The impact of many of 

these markers evaluated within a few hours after injury has 

not been significant for universal application [9]. In 

identifying clinical, physiological and biochemical profiles 

among TBI patients our study not only defines the trends of 

the biomarkers during management but also correlates these 

trends with the clinical outcomes. 

This study has helped identify the role of biomarkers in 

predicting fatality and clinical recovery. The biomarkers were 

evaluated from the day of admission and surgical 

intervention to day 14. Studies done on biomarkers in 

diagnosis and prognosis of TBI have revealed varied results 

and in many cases, have shown low specificities and 

sensitivities hence their limited role. Some of these studies on 

TBI show that early biomarkers including the calcium 

binding protein (S100B), and glial fibrillary acidic protein 

may be of use in guiding the assessment, management and 

predicting clinical outcomes in TBI patients [58, 80]. 

The biomarkers identified and their cut-off values included 

serum IL-1β ≥ 45pg/mL serum MDA ≥ 1.4 µmol/L, serum 

IL-10 ≥ 60 pg/mL and GCS at admission ≤ 7. These were 

identified as the most important or significant Risk factors 

for fatal outcomes. Other studies have shown elevated levels 

of inflammatory markers particularly serum IL-1β and IL-10 

to been associated with increased mortality in patients with 

TBI [20, 39, 73]. 

Regarding biomarkers, there are several other studies done 

to define the correlation between biomarkers and outcomes in 

TBI. The biomarkers studied included, neuron specific 

enolase, glial fibrillary acidic proteins, S100B protein, 

myelin basic protein, cleaved tau protein, spectrin break 

down products, ubiquitin C-terminal hydrolase-1 (UCH-L1), 

besides apolipoprotein E, angiotensin-1 converting enzyme, 

D2 dopamine receptor subtype, P53 gene, Catechol-O-

methyltransferase, neuroglobin as well interleukin-1 [23, 32, 

35, 54, 86]. These biomarkers though useful did not exhibit 

consistent specificity and sensitivity for universal use. Thus, 

none of the biomarkers had a clear and concise impact for 

universal application in prognostication in traumatic brain 

injury. 

In this study, Cox regression analysis revealed an 

increased mortality in TBI patients when the following 

threshold values of inflammatory biomarkers were exceeded; 

serum IL-1β ≥45 pg/mL (HR 2.4 (95% CI=1.2-4.7), P-

value=0.015), serum IL-10 ≥60 pg/mL (HR 3.7 [95% 

CI=1.76-7.7], P value<0.001). In Cox regression analysis, the 

multivariate hazard ratio for fatal outcomes was multiplied 

by х5, х4, х2, х2, for; admission GCS <7, serum IL 10 ≥ 60 

pg/mL, serum MDA ≥ 1.4 µmol/L, serum IL-1β ≥ 45 pg/mL 

respectively. 

5. Efficiency of Neurosurgical 

Intervention 

At admission 100% of the patients presented with a low 

level of consciousness and a GCS ≤12. At the end of 2 weeks 

almost 10% of these patients had died. Our results show that 

after 2 weeks, the GOS showed that 66% of patients had 

good functional state, 11% moderate disability, 14% severe 

disability and 9% persistent vegetative state. At 90 days 66% 

patients presented with good cerebral functional status but 

less than 15% of the living patients presented with severe 

disability and persistent vegetative state. This study shows 

that aggressive neurosurgical intervention with multimodality 

monitoring and management of ICP, PBO2 resulting in 
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improvement in clinical condition of these patients. 

6. Conclusions 

Glasgow Coma Scale particularly the admission GCS is an 

important clinical marker not only in assessing patients but 

also in predicting clinical outcomes in TBI patients. 

In traumatic brain injury, high levels of malondialdehyde 

(TBARS) are a manifestation of increased oxidant activity as 

well as oxidative stress imbalance and are prognostic of fatal 

outcomes in these patients. 

Persistent elevation of interleukin-1β (IL-1β) levels in 

traumatic brain injury patients is associated with increased 

mortality among these patients. 

Exaggerated elevation of serum IL-10 levels is not 

necessarily protective and may be correlated with increased 

mortality among TBI patients. 

This study reveals that standard neurosurgical management 

of patients with moderate to severe traumatic brain injury 

involves modulation of inflammatory and oxidative stress 

changes which may impact on clinical outcomes. 
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