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ABSTRACT

Background: Age is a strong prognostic factor following traumatic brain injury (TBI), with discrepancies defining 
the critical prognostic age threshold. This study was undertaken to determine the impact of various age thresholds 
on outcome after TBI. Materials and Methods: The ages of patients admitted with TBI were prospectively studied in 
relation to mode of injury, Glasgow coma score (GCS), CT category and surgical intervention. Mortality was assessed 
at 1 month, and neurological outcome was assessed at 6 months. Appropriate statistical analyzes (details in article) 
were performed. Results: Of the total 244 patients enrolled, 144 patients had severe, 38 patients had moderate and 
62 patients had mild TBI, respectively. Age had significant association with grade of injury, CT category and surgical 
intervention (P < 0.01). Mortality at 1 month was significantly associated with increasing age with patients dead at 1 
month being 15% for age < 18, 44% for age between 18 and 59 years, and 52% in the age group > 59 years respectively 
(P < 0.001). Unfavorable outcome showed significant association with an increase in age, every decade (P < 0.001). 
In multivariate analysis, there was stepwise increase in the odds of unfavorable outcome across age groups centered 
on 40 years, independent of confounding factors. The adjusted odds ratios for unfavorable outcome with regard to 
age thresholds 30, 40 and 50 years were 11.3, 53.3 and 1171, respectively (P < 0.005). Moreover, there was significant 
association of unfavorable outcome with age > 40 years in all subgroups, based on GCS and surgical intervention 
(P < 0.05). Conclusions: In patients with TBI, age demonstrates independent association with unfavorable outcome 
at 6 months, in stepwise manner centered on a threshold of 40 years.
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Introduction

Traumatic brain injury (TBI) is a major cause of 
disability, death and economic cost to our society.[1,2] 

Age has been found to be a strong prognostic factor, 
following TBI in various studies.[3-6] Compared to 
other well-accepted prognostic variables with definite 
cut-points (such as, GCS and CT category), there are 
striking discrepancies in the literature in defining the 
age point where prognosis significantly worsens, and 
the strength of the association is yet to be investigated 
across different age thresholds.[7] This study was 
undertaken to evaluate the influence of different 
age thresholds on various clinical and radiological 

parameters, mortality and neurological outcome at 6 
months following TBI.

Materials and Methods

Patients admitted with head injury under the 
neurosurgical department of All India Institute of 
Medical Sciences, New Delhi, from June 2005 to  
December 2005 were taken up for the study. They were 
grouped into mild, moderate and severe injury, based 
on post-resuscitation admission Glasgow Coma Score 
(GCS)[8] of 13 - 15, 9 - 12 and 3 - 8, respectively[1]. All of 
them underwent computed tomography (CT) scan on 
admission and were classified into 1 of the 5 categories, 
based on increasing mass effect as per Traumatic Coma 
Data Bank (TCDB) study by Marshall et al.[9]

Standard care consisted of ventilation in patients 
with severe TBI, seizure prophylaxis with Phenytoin, 
gastric ulcer prophylaxis with Ranitidine. Mannitol 
was given to patients with CT, having evidence of 
focal mass effect or diffuse edema. Frusemide was 
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added to patients with midline shift (> 5 mm). Fluid 
and electrolyte homeostasis was maintained. Decision 
regarding ICP monitoring and surgical decompression 
was taken according to the mass effect noted in CT and 
was individualized to each patient. Age, mode of  injury, 
GCS, TCDB CT category, surgical decompression and 
other clinical parameters were noted in a pre-planned 
prospective database and were followed up. 

The primary outcome was Glasgow Outcome Scale 
(GOS) [10], assessed at 3 and 6 months following injury, 
either directly or over telephone. Good recovery 
or moderate disability was considered as favorable 
outcome, and severe disability, persistent vegetative 
state or death was considered as unfavorable outcome. 
The secondary outcome assessed was mortality at 
1 month.

SPSS software (version 10, SPSS Inc, Chicago) was 
used for the statistical analyses. Continuous variables 
in more than 2 groups were compared by using one-
way analysis of variance (ANOVA). Proportions were 
compared by using chi-square tests or Fisher’s exact 
test, depending on expected number in crosstab. As 
age is both a continuous scale variable and categorical 
ordinal variable based on various cut-offs, both kinds 
of analyses were performed. Multivariate analysis was 
also conducted using binary logistic regression with 
respect to age as a continuous variable as well as various 
age threshold ordinates, adjusting for admission GCS, 
TCDB CT category and surgical intervention. Two 
sided significance tests were used throughout, and the 
significance level was kept at P < 0.05.

Results

A total of 244 patients of TBI were included for the 
study. Their ages ranged from 1 to 80 years (median 30 
years). There were 214 males and 30 females, with the 
ratio of 7:1. The predominant mode of injury was motor 
vehicle accidents involving 67% of patients, followed 
by falls from height (28%), and the rest 5% included 
assault, fall of objects, etc. The distribution of various 
modes of injury in different age groups is as shown 
[Figure 1]. Falls were more frequent in children and 
elderly, compared with others (P < 0.001). This may be 
due to ignorance of risks in children, and incoordination 
in elderly. 

Among the total 244 patients, 25% patients had mild, 
16% patients had moderate and 59% patients had severe 
TBI, respectively. The age of patients was significantly 
associated with the severity of an injury with severe 

grade, more frequent with increasing age (P = 0.006). 
The mean age of patients with mild, moderate and 
severe grades of injury were 26, 33 and 35 years, 
respectively [Figure 2].

Based on admission CT scan, 16%, 23%, 18%, 25% 
and 18% of patients belonged to TCDB CT category 
1,2,3,4 and 5, respectively. As age increased, there 
was a significant increase in TCDB CT category, with 
category 5 more common in elderly, compared with 
category 1 being more frequent in young patients (P < 
0.001) [Figure 3]. 

Of the total 244 patients, 111 patients required surgical 
intervention as per the mass effect, noted in CT scans. 
Out of 184 adult patients, 98 (53%) patients required 
surgical intervention, compared to 13 (22%) out of the 
60 patients who were 1 to 18 years old [Figure 4]. The 
difference was statistically significant with an odds ratio 
of 4.1 (P < 0.001).
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Figure 1: Mode of injury in different age groups (P < 0.001)
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Figure 2: Mean age in different grades (P = 0.006) (Error bars indicate 
standard deviation)
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In multivariate analysis, after adjusting for the effect 
of GCS, TCDB CT category and surgical intervention 
using logistic regression, increasing age emerged as an 
independent risk factor for unfavorable outcome at 6 
months. We analyzed the effect of various age thresholds 
individually on unfavorable outcome using logistic 
regression. The adjusted odds ratios for unfavorable 
outcome were 11.3, 53.3 and 1171 with respect to age 
thresholds 30, 40 and 50 years, respectively. Other age 
thresholds did not demonstrate statistical significance 
in multivariate analysis. The summary of independent 
effects of various age thresholds is as shown [Figure 8]. 
There is a stepwise, but significant increase in the 
probability of unfavorable outcome across the age 
groups centered on 40 years.

The effect of age on outcome in subgroups based on GCS 
and surgical intervention is as shown [Table 1]. There was 
significant association of unfavorable outcome with age 
> 40 years in all the subgroups (P < 0.05).

Mortality at 1 month was significantly associated with 
increasing age with 15%, 44% and 52% of patients dead 
at 1 month in the age groups < 18, 18 - 59 and > 59 years, 
respectively (P < 0.001) [Figure 5].

Of the total 244 patients, the neurological outcome was 
assessed for 206 patients at 3 months and for 154 patients 
at 6 months, as the rest were lost to follow-up. As shown 
[Figure 6], the Glasgow Outcome Score at 6 months 
showed significant correlation with age, greater scores 
being more frequent in younger patients P < 0.001).

The outcome at 6 months characterized into favorable 
(good recovery and moderate disability), and unfavorable 
(severe disability, vegetative state and death) groups 
in various decades is as shown [Figure 7]. There was 
significantly better outcome in the 2nd decade as compared 
to the 1st decade. Moreover, unfavorable outcome showed 
significant association with an increasing age, every 
decade (P < 0.001).
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Figure 4: Surgical intervention in different age groups (P < 0.001)
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Figure 6: Age vs glasgow outcome score (P < 0.001)
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Figure 3: Mean age across TCDB CT category (P < 0.001)
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Discussion

TBI is a major health burden on our society.[1,2] An 
estimation of prognosis following TBI is still often 
described as ‘unduly optimistic, unnecessarily pessimistic 
or inappropriately ambiguous’.[7] As early as in 1970, 
Heiskanen et al[11] noted 78% mortality in patients over 
60 years of age with severe TBI and recommended 
discretion before embarking on any special treatment. 
Since then, an increasing age has been noted in various 
studies to be associated with poorer outcome in 
patients with TBI.[3-6] However, it remains unclear how 
an association between patient age and outcome after 
TBI can be described best.[7] Several authors have noted 
varied age thresholds for poor prognosis. Gomez et al,[4] 
Bricolo et al,[12] Signorini et al[13] and Vollmer et al[14] noted 
age thresholds 35, 40, 50 and 55 years, respectively, 
while Braakman et al,[3] Heiskanen et al[11] and others[7] 
noted 60 years as the critical threshold. However, there 
are still many authors who noted the effect of age to be 
continuous[5,15,16] and not discrete. Narayan et al[5] noted 
57% and 78% unfavorable outcome in the age groups 
41 - 60 and over 60 years, respectively. Our study noted 
stepwise worsening of outcome centered around 30 - 50 
years with the best fitting threshold of 40 years in logistic 
regression, similar to the results of the meta-analysis, 
performed by Hukkelhoven et al.[17] Most of these studies 

were performed in severe TBI, whereas the present study 
includes patients with mild, moderate and severe TBI.

We also noted poorer outcome at 6 months among 
children < 10 years of age. This is in an agreement with 
Braakman et al,[3] Kriel et al,[18] and Raimondi et al,[19] while 
few others[20,21] had noted better outcome in the 1st decade. 
However, the patients < 18 years of age had overall better 
outcome and lower mortality, compared with adults in 
our study, similar to previous other studies.[6,15]

The preponderance of falls, noted in the elderly in our 
study, has been observed in many previous studies.[14] 
Also, there was an age related trend towards increasing 
intracranial hematomas with the larger lesions observed 
more in older patients, similar to other studies.[7]

Our study had noted an impact of age of a person with TBI 
on poor outcome to be independent of the confounding 
effect of worsening TCDB CT category, diminishing GCS 
and surgical intervention. The limitations of this study 
are the relatively small number of patients in a single 
institution with inherent admission bias, and the crude 
outcome measure utilized. 

The impact of age on outcome is probably due to the 
decreased capacity of adult brain for recovery as it ages, 
due to decreasing number of functioning neurons and 
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Figure 7: Decade wise outcome at 6 months (P < 0.001)
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Figure 8: Summary of significant age thresholds in multivariate analysis

Table 1: Subgroup analysis
Factor Subgroups Unfavorable outcome OR

(95 % CI)
P value

Age < 40 years (%) Age > 40 years (%)
Glasgow coma score 13 - 15 0/21 (0) 2/6 (33.3) NA 0.04

9 - 12 4/16 (25) 8/8 (100) NA 0.001

3 - 8 39/53 (73.6) 45/50 (90) 3.2 (1.1-9.8) 0.03

Therapy Non-surgical 21/52 (40.4) 24/30 (80) 5.9 (2.1-17) 0.001

Surgical 22/38 (57.9) 31/34 (91.2) 7.5 (1.9-29) 0.001
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greater exposure to subclinical insults.[20] The future area 
of research would be to explore the capacity for learning 
in the adult brain and how that is influenced by TBI. It 
would also be interesting to see how functional ability 
in everyday life is related to the age of patients with TBI.

Conclusions

In patients with TBI, an increasing age is significantly 
associated with unfavorable outcome at 6 months, in 
stepwise manner centered on a threshold of 40 years, 
independent of other prognostic factors.
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Commentary

In the paper, entitled ‘Prognostic significance of age in 
traumatic brain injury’ (TBI),[1] the authors found that 
age was significantly associated with mechanism and 
severity of TBI, with CT findings, treatment factors, 
and with outcomes of patients after 6 months. An 
importance of age for the severity and outcome of TBI 
has been recognized by some other important studies.
[2] Age has been included as one of the key prognostic 
parameters in virtually all prognostic models for TBI 
outcome developed so far.[3] The presented paper, along 
with confirming the significance of age for TBI, provides 
some additional information on this relationship, which 
is worth mentioning further.

One important aspect is that the sample analyzed in 

the study consists of pediatric as well as adult patients. 
Thus, the paper provides an insight into the whole age 
range of TBI patients, as opposed to studies which 
deal either solely with adult or with pediatric injuries. 
It provides the means to compare characteristics 
of pediatric and young patients with adults both 
drawn from the same population. The distinction in 
mechanism, severity, and outcome between these 
groups is clearly documented.

The authors included patients with the whole range 
of TBI as to severity. The ratio of mild, moderate and 
severe TBI in a number of published studies is within 
64% - 95%, 3% - 23% and 2% - 11%, respectively of 
all analyzed TBI patients.[2] This paper presents a 
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