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Abstract 
Introduction: Traumatic Brain Injury (TBI) due to road traffic accidents is one of the leading causes of mortality and morbidity 

in India. Since albumin is associated with the patho-physiological events following TBI, we aimed to estimate the same in these 

patients and to find whether it can be used as biomarker.  

Materials and Method: Fifty four consecutive patients admitted to our emergency intensive care with varying degrees of head 

injuries, were grouped into 3 categories based on the admission time Glasgow Coma Scale (GCS) as mild (13 to 15), moderate (9-

12), and severe brain injury(8 or less) and their serum albumin were estimated. 

Results: Out of 54 patients, 15 had hypoalbuminemia (albumin <3.5g/dL), while for the rest the levels were normal. In the normal 

albumin group 87% patients showed good outcome and only 13% showed poor outcome. With Kaplan-Meier survival curves, 

patients with normal albumin levels showed a significantly higher chance to survive than patients with hypoalbuminemia. Further 

stratification of our cohort into groups according to the interquartile range of serum albumin and comparing it with their clinical 

outcome by Cox regression indicated that the probability of mortality increased with the decrease in serum albumin (hazard 

ratio[HR] = 0.15; 95% CI = 0.03- 0.6) with a significant p value of <0.05. 

Conclusion: Serum albumin can be used as a prognostic markers in predicting the adverse outcome in TBI patients. 
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Introduction 
Traumatic brain injury (TBI) is fast emerging as one 

of the major causes of death globally. In Asian countries 

the rapid urbanization has increased the risk of TBI.(1) 

India remains in the leading position in the world in 

fatalities due to road accidents.(2) Even if people survive, 

the concomitant physical disabilities, long-term 

cognitive and psychological damage pose a major threat. 

With the subsequent secondary damage setting 

insidiously, the pathological sequelae warrants a 

multidisciplinary approach for management and longer 

period of stay in the ICU setting. It takes a heavy toll on 

both financial status of the patients and the hospital’s 

available resources. In order to mitigate the misery of the 

patients and to judiciously allocate the hospital 

resources, it becomes mandate to predict the favourable 

outcome earlier in order to take decision whether to 

continue aggressive therapeutic measures or not.(3) This 

will guide the clinicians immensely in deciding the mode 

of patient management. But predicting the prognosis of 

TBI remains a challenge for clinicians. Early intensive 

rehabilitation increases the survival rate and helps in 

restoration of functional capacity of the patients.  

There are different systems available to evaluate the 

extent of brain injury. Neuro- psychological examination 

like Glasgow Coma Scale (GCS) and pupil response are 

widely used for the assessment of the severity of brain 

injury.(4) The neuroimaging techniques, such as 

computed tomographic scanning (CT scan) and 

magnetic resonance imaging (MRI) have emerged as the 

choice of investigation. But all these have limitations 

such as poor sensitivity and failure to detect secondary 

pathological events.(5) Hence exhaustive research has 

been carried out for identifying better prognostic marker, 

preferably a serum bio marker. These efforts to identify 

an ideal biomarker which could reflect the pathology of 

TBI and secondary injury have yielded meagre success. 

This is evident from the finding that the markers released 

from the brain cells are also elevated in non- brain 

pathological conditions and are non-specific.(6) 

Acute Inflammation following the primary injury 

remains central to the pathogenesis of secondary injury 

that influences the outcome of the patients.(5) A 

repertoire of inflammatory molecules are pressed into 

service, the key player being cytokines as part of local 

and systemic acute phase response. Few studies explored 

the utility of using the circulating inflammatory 

mediators as the predictors of outcome in injury.(7) The 

acute inflammatory response, designed to be protective 

mechanisms, can override at times, leading to 

unfavourable outcome. Considerable attention has been 

directed towards the utility of acute phase reactants as 

prognostic marker for predicting outcome. Among the 

acute phase reactants albumin is ideally a candidate for 

research as the measurement is easily available and 

routinely done.  

Albumin (69Kda) is the major protein of the human 

plasma accounting to about 60% of the total plasma 

protein.(4) Albumin is produced by the liver at a rate of 9 

to 12 g/day. Its hepatic synthesis is primarily affected by 
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osmotic colloid pressure and inflammatory states, but 

also, and to a lesser degree, by nutritional status and 

hormones. It is one of the negative acute phase reactants 

and its level tend to fall in the plasma as a result of injury 

or infection independent of the nutritional status.(8) Many 

studies had highlighted the role of albumin as a 

prognostic marker in life threatening illnesses, various 

types of cancer such as colorectal, lung and breast 

cancer.(9-13) It has also been studied to determine the 

clinical outcome following cardiac surgery.(14) Du Chen, 

Long Ba, et al, have studied the use of serum albumin 

along with pre-albumin to predict the poor outcome in 

TBI and observed serum albumin serve as a better 

marker.(15) Most of the studies are retrospective in nature. 

Hence we have taken up a prospective study to establish 

the prognostic value of serum albumin in TBI. 

 

Materials and Method 
This study was conducted in a Tertiary care hospital 

and was approved by the Institutional Ethical 

Committee. We have included 54 consecutive patients 

admitted to our emergency intensive care department 

between 2011- 2012 with varying degrees of head 

injuries. Standard medical treatment and care was 

administered to all patients and consent was obtained 

from each of the patient’s attender. The inclusion criteria 

was TBI patients admitted within 24 hours with Glasgow 

Coma Scale (GCS) score from 3 to 14. Exclusion criteria 

were Patients below 18 years of age and pregnant 

women. 

The patients were grouped into 3 categories based 

on the GCS score at the time of admission. GCS score of 

13 to 15 were considered as mild injury, 9 to 12 were 

considered as moderate injury, and of 8 or less as severe 

traumatic brain injury. 

Serum albumin was measured within 24 hours of 

admission and on the day of discharge. Serum albumin 

was measured by BCG (Bromocresol Green) method 

using Roche Integra 400 auto-analyser. Hypo-

albuminemia is defined as a serum albumin value less 

than 3.5 g/dL. The within run and in-between run 

precision, expressed as CV were 1.5% and 2.8% 

respectively. Clinical follow up of the patients were 

made till discharge or death. An improvement in the 

discharge day GCS score when compared to the 

admission day score is considered as good outcome. 

While a death or fall in the GCS score during follow up 

of the patients is considered as a bad outcome. 

Continuous data were presented as median value 

with corresponding IQR or mean with corresponding 

SD. Further, patients were stratified as per their 

admission day GCS score and serum albumin, expressed 

as quartiles. Clinical outcome between groups were 

compared using Chi-square test. Multivariate analysis 

was performed by Cox regression analysis to identify the 

independent prognostic factors, using the SPSS software 

version 17.0 after adjusting for age and sex. A p-value of 

less than 0.05 is considered as statistically significant. 

Confident intervals (CIs) were calculated at 95% level. 

 

Results 
The demographic and clinical characteristics of the 

patients included in the study were described (Table 1). 

A total of 54 patients with severe traumatic brain injury 

(49 males and 5 females) were included in the study. The 

mean age of the patients was 40.6 ± 11 years. The mean 

duration of the hospital stay was 8.0 ± 4.6 days. The 

mean albumin was observed to be 3.8 ± 0.5 g/dL at the 

time of admission. We have initially divided the patients 

into 2 groups according to serum albumin levels as 

normal albumin group and hypoalbuminemia group. A 

total of 39 patients (72%) had normal serum albumin 

level ≥ 3.5 g/dL and 15 patients had hypoalbuminemia 

with albumin less than <3.5g/dL. The overall mortality 

was 27.7% (15 out of 54). (Table 1) 

In the normal albumin group 87% patients showed 

good outcome(34 out of 39) and only 13% (5 out of 39) 

showed poor outcome (Fig. 1). 

Increase in the levels of the admission day albumin 

significantly improved the clinical outcome of the 

patients (Table 2). In the Univariate analysis, the GCS 

scores (p<0.001) and the admission day serum albumin 

levels (p<0.001) emerged as significant predictors of 

overall mortality (Table 3). 

Kaplan-Meier survival curves comparing the 

percentages of patients who survived according to their 

serum albumin levels measured at the time of admission 

is shown (Fig. 2). Patients with serum albumin ≥ 3.5 

g/dL showed a significantly higher chance to survive 

than patients with hypoalbuminemia. The progression – 

free survival rate was significantly worse in the 

hypoalbuminemia group (log-rank test, p < 0.001). (Fig. 

2)  

Then Multivariate Cox regression analysis was 

performed using the variables identified as prognostic 

factors for overall survival in the Univariate analysis. 

The Multivariate analysis showed admission day serum 

albumin as an independent predictor of survival with an 

adjusted hazard ratio(HR) of 0.15 with a 95% CI of 0.03 

– 0.6 for survival. This indicates that an increment of 

0.15 g/dL in albumin increased the survival of the patient 

(Table 4). 
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Table 1: General characteristics of the subjects 

Characteristics  

Age (years) 40.6 ± 11.0 

Gender  

 Male 

Female  

 

49 (90.7%) 

5 (9.3%) 

Mean duration of hospital stay (days) 8.0 ± 4.6 

Serum albumin at the time of admission (g/dL) 

Proportion of hypoalbuminemia 

Proportion of normal albuminemia 

3.8 ± 0.5 

27.8%(15) 

72.2% (39) 

Total no of cases with unfavourable outcome 27.7% 

 

 
Fig. 1: Admission day serum albumin levels and clinical outcome 

 

Table 2: Comparison of outcome with Interquartile ranges of serum albumin at the time of admission 

Quartile S. albumin(g/dL) Good prognosis Poor prognosis Total 

I ≤ 3.4 5(33.3%) 10(66.7%) 15 

II 3.41-3.95 9(75%) 3(25%) 12 

III 3.96-4.2 17(94.4%) 1(5.6%) 18 

IV >4.2 8(88.9%) 1(11.1%) 9 

 

Table 3: Univariate analysis of prognostic factors for mortality 

Variable Unfavourable Outcome Favourable Outcome P Value 

Age (year) 42.9 ±12.9 39.7±10.3 0.2 

GCS Min 3 max 13 Min 7 Max 13 <0.001* 

Days in hospital (median, 

IQR) 

4 (2, 8) 8 (5, 11) 0.1 

Albumin  

mean ±SD (g/dL) 

3.38±0.5 4.0±0.5 <0.001* 

*p-value < 0.05 statistically significant 
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Fig. 2: Survival analysis of TBI patients 

 

Table 4: Multivariate Cox regression analysis of prognostic factors for overall survival 

Variable Hazard Ratio (HR) 95% confidence interval p value 

sex 3.0 0.5 – 17 0.2 

Albumin 0.15 0.03 -0.6 <0.01* 

Age  

18- 35 yrs 

35 – 43 yrs 

Above 43 yrs   

 

4.5 

3.1 

6.9 

 

0.3 – 6.4 

0.3 – 3.8 

0.5 – 9.1 

 

0.26 

0.38 

0.14 

*p-value < 0.05 statistically significant. 

 

Discussion 
In our prospective cohort study of TBI patients 

admitted in the ICU care, the Univariate analysis 

indicated the patients with low GCS score had low 

albumin levels and the mortality was higher. 

Hypoalbuminemia was associated with unfavourable 

outcome. By hazard ratio(HR), we have demonstrated 

that serum albumin levels on admission day can be used 

as an independent marker for predicting the clinical 

outcome in TBI. Out findings agrees well with previous 

retrospective studies. 

The injury resulting in trauma to brain has two 

components namely primary and secondary. The 

primary injury is caused by mechanical forces generated 

by direct physical assault. These forces being disruptive, 

damage blood vessels, axons or entire nerve cells and 

glia at a multiple foci or covering a large area. But the 

secondary injury has an insidious onset occurring over a 

time span of minutes to days. They bring about the 

cellular, neurochemical and metabolic changes.(16-17) 

Inflammation plays a major role in mediating secondary 

injury, as it directly damages the cells and unleash the 

other injury factors such as oxidative stress and edema 

formation.(18-21) The mainstay of management in TBI is 

targeted at prevention of secondary insults to the brain, 

following the initial brain injury. The secondary injury 

results largely from the neuro-inflammation. Huge 

repertoire of pro-inflammatory molecules such as 

cytokines, chemokines, interleukines, tumor necrosis 

factor (TNF) and immune cells are cells are enlisted to 

promote this process.(22-24) Serum albumin is a negative 

acute phase protein whose level decreases in response to 

any acute inflammation. In critically ill patients, 

hypoalbuminemia is commonly observed and it reflects 

the extent of inflammatory response to the insult.(25-27) 

Serum albumin plays a wide variety of roles. It is the 

chief determinant of plasma oncotic pressure. It has 

antioxidant property. A substantial number of studies 

have been carried out to evaluate the prognostic 

significance of serum albumin in diseases which has 

inflammation as an integral component of pathology. 

The conditions include non-cardiac surgery, various 

types of cancers, acute trauma where the admission day 

serum albumin were measured.(28-32) All these studies 

documented association between serum albumin and 

increased risk of adverse outcome such as mortality.  

The prognostic significance of serum albumin stems 

from its merit of being a marker of nutritional status too 

besides its immune modulatory properties. Thus 

systemic inflammatory response and nutritional status 

play key roles in chronic debilitating conditions and 

critically ill patients.(33-37) In acutely ill patients 

hypoalbuminemia has been associated with increased 

risk of infectious complications, prolonged hospital stay 

and mortality.(38) Few mathematical scores are designed 

including albumin as one of the component in assessing 

the outcome in diseases involving inflammation.(39,40) 



Sivaa Rajendran et al.                   Evaluation of serum albumin as a prognostic marker in traumatic brain injury 

International Journal of Clinical Biochemistry and Research, July-September 2017;4(3):299-304                          303 

Traumatic brain injury is also an acute condition, 

where outcome prediction is impeded by a reliable 

marker. Hence we explored the possibility of using 

serum albumin to predict the poor outcome in TBI which 

is a stressful condition. The Chi-square test revealed that 

low albumin is associated with unfavourable outcome. 

Our earlier study reported increased serum cortisol, as an 

indicator of stress. 

From the Cox regression analysis, the serum 

albumin on admission is statistically significant with the 

hazard ratio of 0.15, 95% CI (0.03-0.6) after adjusting 

for the variables such as age and sex. Exhaustion of 

serum albumin during stress conditions, loss of albumin 

in case of massive haemorrhage, less intake or 

suppression of synthesis of albumin by liver and being 

an effective antioxidant, used up while clearing the 

reactive oxygen species are the possible mechanisms 

explaining hypoalbuminemia in TBI.(15)  

As serum albumin levels more than 3.4 g/dL 

predicts good favourable prognosis, maintaining serum 

albumin levels above 3.5g/dL is a pathway for speedy 

recovery. Maintaining a good nutritional support and 

preventing calorific deficit can definitely can accelerate 

good outcome. Hence in this study we tried to confirm 

the predictive role of serum albumin as 

hypoalbuminemia in TBI results in poor prognosis. The 

measurement of serum albumin is very simple, cost 

effective and it is always requested as a part of liver 

function tests routinely. Serial evaluations can be done 

rapidly. This feature confers additional advantage in 

support of use of serum albumin as a prognostic marker. 

The strength of our study is, it is a prospective study 

whereas many of the previous studies are findings from 

retrospective studies. Sample size, absence of other 

markers of TBI and failed to make out long term follow 

up of discharged patients for any possible complications 

are the limitations of our study.  

 

 

Conclusion 
Serum albumin can be used as a prognostic marker 

in predicting the adverse outcome in patients with TBI. 
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