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Abstract

Original Article

Introduction

Traumatic brain injuries (TBIs) as one of the most common 
causes of mortality and somatic and mental morbidities 
compose about 20% of all injuries.[1] Based on statistical 
reports, about 70% of posttraumatic death and disabilities 
are secondary to head trauma.[2] Many of those saving their 
lives after trauma are involved with different kinds of somatic 
and mental difficulties affecting their quality of life, needing 
long‑term medical care, and imposing further costs for acute 
and long‑term follow‑up.[3] There are different diagnostic 
facilities for the evaluation of trauma victims; they included 
computed tomography  (CT) scan, magnetic resonance 
imaging, and assessment of biochemical and biomarker 

released to cerebrospinal fluid  (CSF) and serum following 
neural cell damage. One of these factors is glial fibrillary 
acidic protein (GFAP), which can be measured in CSF and 
serum.[4] GFAP is an intermediate filament structural protein 
known as a marker for severe central nervous system (CNS) 
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injury.[4‑6] It also increases in patients with astrogliosis.[5] This 
protein, probably, passes directly from the damaged blood–
brain barrier and enters circulation. Clinically, in contrast to 
CSF, measurement of this protein in serum is very safe in 
head‑injured patients. Missler et al. have shown a correlation 
between the serum GFAP and severity of CNS injuries.[7] Vos 
et al. in their study have shown that serum levels of glial and 
neural proteins even in early stages can predict TBI.[8] Pelinka 
et al. also have confirmed that GFAP presentation increases 
after TBI, and can be used as a biomarker of primary injury 
for prediction of the outcome of brain injury.[9] Lewis et al. 
have shown that the absence of GFAP in serum cannot be 
ruled out TBI while its high levels are associated with brain 
damage.[3] Increased levels of GFAP and S100 protein and the 
ratio of these two biomarkers may be an indicator of mortality 
and morbidity after TBI.[10,11] Considering the fact that CT 
scan uses high doses of radiation and shows gross anatomical 
changes and so is blind for the minimal abnormalities, 
thinking about a biochemical marker helpful in the diagnosis 
of intracranial injuries with low costs and easier availability 
will be promising. The aim of this study was to assess the 
diagnostic value of GFAP in prediction of severity of head 
injury in patients admitted to Kashan Shahid Beheshti Hospital 
during 2020–2021.

Materials and Methods

Setting
This  diagnostic value study, was performed on 98 patients with 
head injury and Glasgow Coma Scale (GCS) scores above 8 
(moderated and mild cases of head trauma) who admitted to 
Shahid Beheshti Hospital of Kashan University of Medical 
Sciences (KAUMS) and had initial brain CT scan. They 
enrolled using the simple sampling method after obtaining 
informed consent during 2020–2021. Those with any clinical 
or para‑clinical evidence of spinal injury or neurological and 
cognitive problems before their trauma (e.g. brain tumors and 
cerebrovascular accidents) and any patient refusing completion 
of the informed consent were excluded from the study.

Measurements
Blood samples for the GFAP assessment were obtained within 
4  h of admission and performed using the ELISA method 
with a diagnostic level of more than 0.01 microgram/liter 
considered normal.

Computed tomographic scanning was performed for all of the 
patients as the gold standard,[12] interpreted by a neurological 
surgeon, and categorized based on the Rotterdam scoring 
system (48). The patients were followed up and their outcome 
was assessed using the Extended Glasgow Coma Outcome 
Score (EGOS) at the time of discharge and 3 months later.[6] 
Background information, including age, sex, mechanism of 
trauma and its severity  (on the base of the GCS score of 
admission or at the time of intubation if performed before 
admission and at the time of discharge), and indication for 
surgical intervention, were recorded.

Data analysis
Data were analyzed using SPSS version 20 (IBM SPSS version 
20. Chicago). Descriptive statistical data were presented as 
mean, standard deviation, numbers, and percentage. To assess 
the diagnostic value of GFAP, sensitivity, specificity, and 
positive and negative predictive values were used. In addition, 
correlation between GFAP with  Rotterdam score and EGOS 
were analyzed using Pearson’s correlation coefficient. The 
significance level was set at P < 0.05.

Results

This study included 98 patients with mild and moderated head 
injury with a mean age of 47.82 ± 20.77 years (range of 15–96). 
Most of the patients were male (82.6%), and the most common 
mechanism of trauma was road traffic accident  (66.3%). 
The GCS score of the time of admission and discharge, the 
Rotterdam score, and EGOS at the time of discharge and 
3 months later all were in a range of mild injury [Table 1]. 
EGOS findings showed recovery of all of the patients 3 months 
after their injury.

There is a reverse correlation between GFAP and GCS at 
the time of admission and discharge, i.e. higher GFAP levels 
were seen in those with lower GCS (P < 0.05). This reverse 
correlation was also visible between the GFAP and EGOS of 
the time of discharge and 3 months later (P < 0.05). There was 
a direct correlation between GFAP and the Rotterdam score, 

Table 1: Glasgow Coma Scale, Extended Glasgow Coma 
Outcome Score, Rotterdam score, and glial fibrillary 
acidic protein level in patients

Criteria Frequency (%)
GCS
Primary
Mild 72 (73.5)
Moderate 26 (26.5)
Discharge
Mild 79 (80.6)
Moderate 17 (17.3)
Severe 2 (2.1)
EGOS
Discharge
Upper moderate disability 1 (1.1)
Lower good recovery 20 (20.4)
Upper good recovery 77 (78.5)
3‑month follow‑up
Lower good recovery 9 (9.2)
Upper good recovery 89 (90.8)
Rotterdam CT score
1 20 (20.4)
2 42 (42.9)
3 21 (21.4)
4 15 (15.3)
GFAP (µg/l) 0.49±1.33
EGOS: Extended Glasgow Coma Outcome Score, GCS: Glasgow Coma 
Scale, GFAP: Glial fibrillary acidic protein, CT: Computed tomography
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indicating increased levels of GFAP with increased Rotterdam 
score [Table 2].

The results showed that GFAP with a cutoff point of 1.4 mg/L, 
80.8% sensitivity and 65.3% specificity, and area under 
curve (AUC) of 0.804 had the capacity for the prediction of 
severity of TBI [Figure 1]. Results showed that confounding 
factors, such as age, sex, and mechanism of trauma, would 
not result in a significant change in AUC  (0.826 in Model 
compared with 0.804 before adjusts for confounders) [Table 3].

Discussion

The findings of this study showed that there was a significant 
correlation between GFAP and GCS and EGOS. The mean 
of GFAP with a cutoff point of 1.4 μg/L, sensitivity of 
80.8%, specificity of 65.3%, and AUC of 0.804 has the 
needed potential for the prediction of severity of TBI, so that 
even consideration of confounding factors of age, sex, and 
mechanism of trauma will not result in a significant change 
in AUC (0.826).

Aydin et al. in a study conducted in 2018 on a predictive 
value of GFAP and S100B serum protein levels on 
63 patients with intracerebral hemorrhage and 30 normal 
persons showed a serum GFAP of 86.37 ng/ml in the former 
and 38.07 in the latter group. Eight of their patients (12.7%) 
died during their hospitalization with a mean GCS of 4.6 
and mean GFAP of 127.8 ng/ml. They concluded that GFAP 
levels in either traumatic or nontraumatic cases of brain 
injury are significantly higher than normal persons and this 
biomarker may be used instead of brain CT scan for the 
diagnosis of brain injury.[13]

Okonkwo et  al. in a study conducted in 2013 assessed the 
predictive value of GFAP‑breakdown product (BDP) on 215 
TBI patients  (including 83% mild, 4% moderate, and 13% 
severe) with acute traumatic lesions. Fifty‑four percent of the 
cases, according to the AUC, showed an 88% diagnostic value 
of GFAP‑BDP, and in spite of emphasizing the value of this 
method for the diagnosis of brain injury, a larger clinical trial 
is recommended for further scrutinization of this biomarker 
as a routine diagnostic tool.[14] This finding is concordant with 
our results.

In another study in 2015, Lei et al. measured the serum GFAP 
using the ELISA method in 67 patients with severe TBI at the 
time of admission and in 5 consequent days and compared it 
with EGOS after a 6‑month follow‑up and showed increased 
GFAP levels in all samples. The AUC analysis also revealed its 
ability to predict a final neurological outcome after 6 months. 
GFAP was also able to predict death with a 76.1% sensitivity 
at the time of admission and disability with an AUC equal to 
0.823.[6] Although our study has not considered mortality, the 
findings are similar regarding a predictive value of GFAP in 
TBI.

We found a significant inverse correlation between GFAP and 
GCS of admission and discharge and EGOS of discharge and 
a 3‑month follow‑up and also we found a direct correlation 
between GFAP and the Rotterdam score.

Table 2: Correlation between glial fibrillary acidic protein 
and Glasgow Coma Scale, Extended Glasgow Coma 
Outcome Score, and Rotterdam score

Criteria GFAP

P Correlation coefficient
GCS
Primary 0.001 −0.408
Discharge 0.042 −0.206
EGOS
Discharge 0.017 −0.241
3‑month follow‑up 0.001 −0.334
Rotterdam score 0.041 0.207
EGOS: Extended Glasgow Coma Outcome Score, GCS: Glasgow Coma 
Scale, GFAP: Glial fibrillary acidic protein

Table 3: Predictive value of glial fibrillary acidic protein for the severity of traumatic brain injuries

Criteria TBI severity on the base of GCSS Cutoff Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

−LR +LR AUC (95% CI)

Mild (n=72) Moderate (n=26)
GFAP 1.2±0.49 1.71±0.26 1.4 80.8 65.3 90.4 90.4 2.33 0.29 0.804 (0.877–0.712)
Model* ‑ ‑ ‑ 84.6 72.2 92.9 92.9 3.05 0.21 0.826 (0.895–0.736)
AUC: Area under curve, TBI: Traumatic brain injury, PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval, GCSS: 
Global customer service system, GFAP: Glial fibrillary acidic protein, LR: Likelihood ratio

Figure  1: ROC curve related to the GFAP criterion for predicting the 
severity of TBI. GFAP: Glial fibrillary acidic protein, ROC: Receiver operator 
characteristic, TBI: Traumatic brain injury
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Pelinka et al. in 2015 showed an inverse correlation between 
the GFAP/S100B ratio with GCS and EGOS.[9] Although it 
is different from the current study in consideration of S100B 
protein, this concept may be used in future studies.

McMahon et al. in a prospective study,  on TBI patients with 
a age range of 16–93 years, measured serum GFAP‑BDP in 24 
h  and concluded that GFAP has  51% accuracy for prediction 
of intra cranial injuries in comparison to the brain CT scan 
Rotterdam score. Furthermore, GFAP‑BDP had a significant 
direct relationship with the Rotterdam score. This study found 
that GFAP‑BDP assay as an adjunct to current screening 
methods may help prevent unnecessary CT scans without 
reducing sensitivity.[15] The findings of this study in terms of 
correlation between GFAP and Rotterdam score are similar to 
the findings of the present study.

This study had several limitations. Inclusion of the patients 
from one center, although it is the only center in the district 
for the admission and care for the TBI patients, small volume 
of the study cases, and intentional exclusion of patients with 
a significant facial injury and normal brain CT scans are the 
limitations of this study. Considering the brain CT scan as the 
gold standard and performing an initial CT scan for all patients 
can be regarded as the strengths of this study.

Conclusions

Serum GFAP as a specific brain protein has an acceptable 
sensitivity and specificity in prediction of severity of TBI. 
It is recommended to consider this protein and other brain 
biomarkers for the diagnostic and prognostic assessment of 
TBI in more extensive clinical trials.
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