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 Abstract 

The Glasgow Outcome Scale (GOS) was first published in 1975 by Brian Jennett and 

Michael Bond, and, with over 4,000 citations to the original paper, is the most highly cited 

outcome measure in studies of brain injury and the second most-cited paper in clinical 

neurosurgery. The original GOS and the subsequently developed extended GOS (GOSE) 

are recommended by several national bodies as the outcome measure for major trauma and 

for head injury. The enduring appeal of the GOS is linked to its simplicity, short 

administration time, reliability and validity, stability, flexibility of administration (face-to-face, 

over the telephone and by post), cost-free availability and ease of access. These benefits 

apply to other derivatives of the scale, including the Glasgow Outcome at Discharge Scale 

(GODS) and the GOS paediatric revision. The GOS was devised to provide an overview of 

outcome  and to have a focus on social recovery. Since the initial development of the GOS, 

there has been an increasing focus on the multidimensional nature of outcome after head 

injury. This Review charts the development of the GOS, its refinement and usage over the 

past 40 years, and considers its current and future roles in developing an understanding of 

brain injury. 
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 Key points 

 The Glasgow Outcome Scale (GOS) in its original and extended form assesses 

disability and social participation and is the most highly cited outcome measure in 

studies on brain injury 

 

 The GOS is widely used  as a primary outcome measure, and is recommended by 

several national bodies, including the NIH in the USA, and the Department of Health 

in the UK 

 

 The GOS can be administered in various ways: face-to-face or telephone interview, 

mail, and in inpatient settings using a modified version; this flexibility leads to high 

rates of follow-up  

 

 The GOS is freely available, simple to use and requires little training, it has been 

validated, is reliable, and adult and paediatric versions are available  

 The GOS is the most popular clinician-reported outcome assessment for randomized 

clinical trials in acute head injury, and has been used in >90% of the most 

methodologically robust trials  

 Extensive use of the GOS over 40 years has led to interest in the development of 

composite measures that include the GOS to improve the assessment of brain injury 

outcome The early 1970s saw the emergence of an interest in quality of life after 

head injury, driven in part by concerns that improved medical care was reducing 

mortality in people with severe head injury, leaving some with long-term physical and 

mental difficulties and reduced social participation. Publication of the Glasgow Coma 

Scale in 1974 provided a reliable and practical means of assessing the level of 

consciousness and an early index of the severity of injury1. 1 year later, Bryan 

Jennett and Michael Bond published a complementary scale, the Glasgow Outcome 

Scale (GOS), designed to assess outcomes of brain injury2. The GOS was 

intentionally designed to provide an overview of outcome after brain injury, with a 

focus on social recovery. Since the initial description of the GOS, emphasis has been 

increasingly placed on the multi-dimensional nature of outcomes after head injury, 

which often comprise complex combinations of changes in emotional control, 

cognitive function and physical ability that, together with pre-injury factors and the 

post-injury environment, are associated with heterogeneity in outcome and with a 

change in outcome late after injury in a considerable  proportion of patients3–5.  
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The original article that described the GOS2 is the most highly cited outcome measure in 

studies of brain injury, with 4,308citations (Web of Science Core Collection 06.06.2016), and 

is the second most cited paper in clinical neurosurgery6. The later description of the 

extended GOS (GOSE)7 is in the top 25 cited papers on traumatic brain injury (TBI)8. The 

GOS in its original or extended form is recommended as the outcome measure to be used 

for major trauma and for head injury by, among others, the National Institute of Neurological 

Disorders and Stroke, the NIH National Institute of Child Health and Human Development 

TBI Clinical Trials Network and the Department of Health in England9–11. In the USA, the 

GOS  is the core measure used for outcome research in TBI in the Common Data Elements 

project12. The GOS has also been used by a range of diagnostic groups, although the focus 

has largely been head injury. This Review explains the background to the development of 

the GOS, its uses, impact and future potential, and how its application has evolved to meet 

the aspirations of the original authors  40 years after the original publication. 

 

 

[H1] Background of the Glasgow Outcome Scale 

During the early 1970s, outcome assessment after acute brain injury became increasingly 

focussed on quality of survival rather than the simple fact of survival. Death rates were still 

as high as 50%13–15, but improvements in intensive care, such as artificial ventilation, were 

believed to be reducing early mortality. This change led on one hand to claims of 

‘miraculous’ recoveries, but on the other hand raised concerns about increasing numbers of 

highly dependent survivors16. The prospect of long-lasting disorders of consciousness 

caused unease, leading to the publication of the seminal paper on the persistent vegetative 

state by Jennett and Plum17 in 1972. Reservations were also voiced about the subjectivity of 

claims that patients had made a ‘good recovery’. Furthermore, the fact that many patients 

with head injuries were young led to concern about the prospect of survival in the community 

for many years with an undefined level of recovery and about the use of interventions that 

might improve survival but leave patients with permanent, severe disability and poor quality 

of life. An anonymous letter published in the Lancet in 1973 expresses this18: 

…uncertainties about prognosis after severe head injury have lately been reviewed by 

Jennett. He maintains that claims about remarkable recoveries after severe head injury often 

prove to be falsely founded, closer examination of the circumstances commonly revealing 

either that the initial state was not as serious as had been thought, or that the degree of 

recovery is not as good as was recorded. In regard to recovery he makes some astringent 



4 
 

comments about the terms used (worthwhile, useful, practical), and he calls for a more 

objective scale. But that is easier said than done, because what matters is the overall social 

consequence of the combination of physical and mental sequelae. 

 

In order to assess the evidence for these views and to understand the pattern of events after 

brain injury, a system was needed that could bring together the factors that are important in 

outcome and express the summation of their effects on a structured scale. At the time, 

outcomes after brain injury were categorized with gross, descriptive and often poorly defined 

terms: examples of such categorizations include ‘dead, vegetative existence or recovery’19, 

‘dead, permanently unconscious/demented or recovered’14, or ‘persisting coma, persisting 

dementia or mental restitution’13. Although crude, these categorizations did reflect a 

realization that outcomes needed to be considered in terms of social function and 

reintegration into the community.  

An original driver for the development of a robust outcome scale was the realization that 

multicentre studies of outcomes after coma were needed to address the issue of balancing 

reductions in mortality rate with survival and quality of life7. The GOS was, therefore, 

designed and published in this context. The original scale consisted of five categories, each 

of which was described; the three most positive categories related to social function and 

return to work2 (Table 1). The scale was designed to assess disability outcomes in the 

community, with a broad concept of disability that included social participation and was later 

defined as “handicap” in the WHO 1980 classification20,21. 

 

[H1] Evolution and application of the Glasgow Outcome Scales  

[H2] Early development 

Soon after its publication, the GOS was used in two ground-breaking prospective 

international multicentre studies of head injury15 and nontraumatic coma22. In a 1978 article 

that identified head injury as a notable public health problem and emphasized the need for a 

greater understanding of outcome predictors, use of the GOS was recommended to 

neurosurgical centres worldwide to determine the effectiveness of neurosurgical 

interventions23. The GOS was welcomed and used in several other studies in the 1970s and 

early 1980s24,25, and was the main outcome measure in the US National Traumatic Coma 

Databank26 study.  
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In 1981, Jennett and colleagues7 expanded the five-point GOS into an eight-point scale —

later to become known as the GOSE —by dividing each of the Moderate, Severe Disability 

and Good Recovery categories into two: “better” and “worse”. They also performed some 

initial validation of the GOSE by comparing outcomes obtained from it with the duration of 

post-traumatic amnesia, outcome ratings given by an experienced clinician, and the results 

of cognitive assessment. Further early work assessed the validity of GOS outcomes in 

relation to cognitive function more systematically27. The GOS ratings were associated with 

cognitive test scores, but the GOSE ratings were not associated in the same way, although 

the sample was subdivided for analysis and as a result was small and might have been 

underpowered.  

 

[H2] The structured format and its administration  

Studies that assessed the reliability of the GOS and GOSE found the five-point version to be 

superior, but also identified considerable inter-rater variation in rankings for both versions of 

the scale, and systematic differences according to the background and experience of the 

assessor27–29. In 1998,  a structured format was developed for use with the original five-point 

GOS and the eight-point GOSE30. New guidelines were developed, which more explicitly 

stated the rationale for assignment of individuals to each category. Importantly, the 

structured format also provided a means of taking into account pre-injury disability by making 

explicit that the GOS should reflect change from before the head injury. Also emphasized in 

this format is the need to use the best available source of information, which can be a 

person who is close to the patient given that the patient themselves might not have insight 

into their difficulties, and guidelines are included for dealing with additional factors, such as 

multiple injuries and epilepsy. Use of this structured format improves inter-rater reliability for 

the GOS (kappa = 0.89) and GOSE (kappa = 0.85)30. A comparison of the structured format 

of the GOS and GOSE with cognitive tests revealed medium to strong correlations between 

rankings on the GOS and GOSE and scores on cognitive tests at 3–6 months after 

injury31,32. Strong correlations were also seen with self-report measures of mental well-being, 

including the Beck Depression Inventory, the Short Form Health Survey-36 (SF-36) and 

General Health Questionnaire 2831. 

Flexibility in methods of administration for assessments offers benefits such as improving 

follow-up rates. The structured format of the GOS and GOSE has been used to validate 

telephone and postal administration. High levels of agreement were seen between telephone 

and face-to face administration (test-retest GOS kappa= 0.92 and GOSE 0.92; inter-rater 

GOS kappa= 0.85 and GOSE 0.84)33. Postal versions of the GOS and the GOSE, which 
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could be completed by the person with head injury or by a proxy, also had very high test–

retest reliability (kappa= 0.94 GOS and 0.98 GOSE)34. 

[H2] The Glasgow Outcome at Discharge Scale  

The GOS was designed to assess independence in the community, but in some studies, the 

GOS and GOSE have been used in an inpatient setting. These scales are not validated for 

use in this context, but their use demonstrates a demand for an inpatient scale that enables 

comparisons with later GOS and GOSE outcomes in the community in longitudinal studies. 

An inpatient scale also has the potential to facilitate clinical decisions about discharging 

patients, especially when patients are being discharged from a non-specialist ward. The 

Glasgow Outcome at Discharge Scale (GODS) was published in 201335. This scale was 

developed from the GOSE and uses the same outcome categories, but the criteria for 

categorization are modified for the inpatient setting. Use of the GODS has shown that it can 

predict disability on the GOSE at 3 weeks after discharge with a sensitivity of 89% and 

specificity of 75%, and inter-rate reliability seems to be high (kappa = 0.98)35.  

[H2] Children’s versions 

The original GOS is frequently used to examine outcomes in children36–38, although data on 

the validity of the GOS in this context are limited. The brevity of the GOS and its ease of 

administration are considered to be advantages over other scales39, but the literature 

generally points towards benefits from using a modified version of the GOSE for children. 

In 1992, the GOS was modified specifically to assess outcomes in children in the intensive 

care unit, and a category of ‘Mild Disability’ (somewhat similar to the GOSE Lower Good 

Recovery category) was added to the original five-point scale40. Subsequently derived from 

the modified scale was the Paediatric Overall Performance Category and the Paediatric 

Cognitive Performance Category Scales. These scales are intended to be administered at 

hospital admission (baseline) and at discharge, enabling the changes in score to be 

compared with the length of stay in intensive care and the mortality. Inter-rater reliability of 

these scales seems to be high (intraclass correlation coefficient = 0.88–0.92). However, the 

validity of the scales for predicting outcomes after discharge from hospital remains unclear41.  

In 2012, the GOSE Pediatric Revision (GOSE-Peds) was developed to take into account 

developmental stages42. The GOSE-Peds uses the same eight categories as the GOSE and 

involves a structured interview that is adapted from that for the GOSE to allow for 

developmental differences. The validity of the GOSE-Peds was assessed by comparing 

rankings with those from the GOS and scores on standardized functional scales for children, 



7 
 

including the Vineland Adaptive Behaviour Scale (VABS), parental report and tests of 

general intellect and learning. The study included 159 patients aged 1 month to 17 years, 

and revealed a strong association between rankings on the GOSE-Peds and those from the 

GOS at 3 months (Spearman r = 0.87) and 6 months (Spearman r= 0.82) after injury. A 

similarly strong association was seen with the VABS (Spearman r = –0.62 at 3 months and –

0.74 at 6 months). Rankings on the GOSE-Peds tended to be more a strongly associated 

with other outcome measures than were rankings on the GOS42. Further work is required to 

confirm which scale is best in children (including comparisons of paediatric scales with the 

GOSE), and a tendency remains to use the GOSE or GOS in paediatric studies. 

 

[H2] Application and typical findings  

Outcomes determined with the GOS or GOSE at 3–12 months after severe head injury have 

a bimodal distribution: typically, >70% of patients have extreme outcomes of Good Recovery 

or Dead43. In those who survive at 1 year, approximately half of patients who had mild, 

moderate and severe head injuries are categorized as disabled by the GOS at 1 year, 5–

7 years and 10–12 years after injury4,44,45. Follow-up rates in studies that use the GOSs are 

high, an observation that holds true for large-scale clinical trials46, long term community 

follow-up studies, and unselected series that include patients with mild head injuries (which 

often have a relatively low retention at follow-up) 4,44,45. The GOSs also tend to be associated 

with higher follow-up rates than are other assessments, such as cognitive testing4,47, an 

observation that, at least in part, probably reflects their ease of administration and the range 

of validated methods of administration (face-to-face, telephone or post) as a community 

measure (GOS and GOSE) and, more recently, as an inpatient measure (GODS).  

The numbers that are sometimes attached to outcomes of the GOS, GOSE or GODS are 

rankings and must not be seen as arithmetic ‘scores’. As categorical, ordinal information, the 

scales require non-parametric approaches to statistical analyses.  

  
[H1] Criticisms   

[H2] Sensitivity and reliability  

Despite widespread use of the GOS and GOSE, they have been criticized, often in relation 

to their use in clinical trials of acute care. Most studies in which neuroprotective therapies 

are tested have used the GOS as a primary outcome measure, and the possibility that the 

sensitivity of the GOS is insufficient to detect changes has been raised as an explanation for 

uniformly negative findings42. The sensitivity of an outcome scale such as the GOS is, 
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however, directly related to the change that is considered clinically relevant, and not to its 

ability to detect effects on an impairment that are just noticeable but have no impact on 

function. 

 

Another criticism of the GOS that has been raised relates to its reliability. For example, Lu 

et al.48,49 have raised concerns about the inter-rater reliability of the GOS and GOSE, and 

the fact that misclassifications would reduce the power to detect a significant effect in clinical 

trials. These critics have suggested that early estimates of the inter-rater reliability of the 

GOS were optimistic and note that significant inter-rater variability for the GOSE was 

reported when it was used by untrained  investigators50. Inter-rater agreement has been 

improved by the development of an alternative two-step system for rating with the GOSE, 

which initially focuses on allocation to a GOS category and then involves limited questioning 

to further determine the appropriate GOSE category49. Further improvements were seen if 

raters received feedback on each case during their review. This approach complicates the 

assessment process, and a requirement for reviewer feedback might make it impractical. 

The study did not consider the impact of pre-study rater training, which could be self-

administered via the Internet and incorporate a test of competency.  

 

[H2] Dichotomization of outcomes 

Despite early criticism of the GOS for “over-compressing” survival outcome7, a convention 

developed for dichotomising the five-point GOS scale into ‘unfavourable’ (Dead, Vegetative 

or Severe Disability) or ‘favourable’ (Moderate Disability or Good Recovery) outcomes. This 

dichotomy reflects the view that independent function, rather than survival with disability that 

leaves patients dependent, is the desired outcome  because head injury is most common 

among young adults. However, several aspects of this dichotomization have been 

questioned. 

 

One drawback of the dichotomy is that it does not take into consideration the patient’s 

perception of life satisfaction, which is crucial and cannot simply be equated with 

independent function51: studies have shown that self-reported quality of life can be good in 

the face of severe disability52–54 and that the factors most strongly associated with disability 

outcomes are emotional rather than physical4,55.  

 

Dichotomizing outcomes in this way also limits comparison of outcomes between clinical 

trials. A state-of-the-science overview published in 2016 identified >180 randomized 

controlled trials published since 1980 in which interventions for managing acute head injury 
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were compared56, and the GOS or GOSE was the clinician-reported index of outcome in 

more than two thirds of these trials.56 Twenty-six of these RCTs, were defined as 

methodologically robust and the GOS/GOSE was used in 23. The analysis in many of these 

studies was based on outcome dichotomization, and the criterion for efficacy was a shift 

from unfavourable outcomes to favourable outcomes. Few studies have reported significant 

benefits of active interventions, and the failure to find an effect in any kind of acute brain 

damage despite so many studies has raised questions about aspects of trial methodology, 

including the limitations of simple dichotomization. The division between Severe Disability 

and Moderate Disability came to be seen as arbitrary, and a dichotomy at this point fails to 

acknowledge a change from Moderate Disability to Good Recovery Importantly, concerns 

were raised about whether dichotomization might be statistically inefficient, as it underuses 

the information available about shifts in the pattern of finding over the full, ordered spectrum 

of outcomes9. These disadvantages have led to the investigation of two new approaches to 

the analysis of the GOS in the past decade: the sliding dichotomy and the proportional odds 

methods. Both methods make use of statistical analyses for use with ordinal scales such as 

the GOSs. Ordinal data is presented in order of magnitude, but the size of the difference 

between points on the scale may not be the same; for example vegetative state is worse 

than severe disability which is worse than moderate disability and so on.  

 

In the sliding dichotomy analysis, outcomes are still split into two categories, but a 

favourable outcome is defined as one that is better than expected when the prognosis of 

patients at entry into the study is taken into account. This involves dividing the study 

population into subgroups according to the early severity of their injury. This is done by 

taking into account factors such as clinical and imaging findings and patient age57. The point 

of dichotomization is adjusted according to the subgroup. For example, among patients with 

a good prognosis, only Good Recovery is considered to be a favourable outcome; for 

patients with an intermediate prognosis, a favourable outcome is Moderate Disability or 

better. 

 

Proportional odds analysis has the potential to be even more informative. It exploits the full 

range of the GOS ratings to produce a single estimate of a treatment effect. All possible 

configurations of dichotomized outcomes are assessed, based on the assumption that the 

odds ratio of a favourable outcome relative to an unfavourable outcome will be similar 

regardless of where the scale is dichotomized. The analysis yields a pooled estimate, or 

common odds ratio that indicates change in outcome across the entire range of GOS ratings 

after treatment. It is possible to control statistically for the influence of factors that contribute 
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to variability in the impact of among the study population, allowing more inclusive entry 

criteria and, consequently, faster recruitment of participants. 

 

The potential benefits of ordinal statistical methods, such as sliding dichotomy and 

proportional odds analysis, were initially explored with the Rankin Scale for stroke58 before 

being applied to the GOS in spontaneous intracranial haemorrhage59 and head injury60. The 

theoretical statistical advantages of these new approaches were confirmed in simulation 

studies61 that showed substantial gains in efficiency that could allow sample sizes to be 

reduced by up to 50% without loss of statistical power. Powerful validation of the approach 

came from a retrospective study that used data from a large trial of corticosteroid treatment 

in head injury62. Dichotomous analysis of the GOS at 6 months after injury showed a non-

significant adverse effect of the treatment (OR 1.09, 95% CI 0.98–1.21, P = 0.096). Analysis 

with the proportional odds logistic regression model, however, produced a highly significant 

effect (estimated common OR 1.15, 95% CI 1.06–1.25, P = 0.0007). Similar results were 

obtained with sliding dichotomy. If using either ordinal analysis, a 2–2.5-fold gain in 

information density was achieved. Use of the GOSE can give a modest increase in efficiency 

over use of the GOS, corresponding to a further reduction in the required sample size of 3–

5%63.  

 

To date, prospective application of ordinal analyses has been crucial in only a few instances. 

However, the International Stroke Trial of thrombolysis in stroke is one example in which 

such analysis was important. The pre-specified primary dichotomized analysis indicated no 

significant treatment benefit, but the pre-specified ordinal analysis revealed a highly 

significant benefit. Meta-analysis of all trials of tissue plasminogen activator strongly 

suggests that the result of the ordinal analysis is valid64. The use of ordinal methods is 

increasing: these methods were used in 60% of stroke trials published between 2007 and 

2014, but are specified in the protocols of 15 of 16 current trials65. In head injury research 

the use of ordinal methods in analysis is one of four key recommendations made by the 

International Mission on Prognosis and Clinical Trial Design in TBI ( IMPACT ) group after 

several years of extensive research into trial methodology66 .  

 

The extra information gained by using the sliding dichotomy or proportional odds methods 

does not seem to differ consistently, and other factors influence which of these methods is 

chosen. The sliding dichotomy is more clinically appealing because the underlying concept 

of assessing  how often a patient achieves an outcome that is better than was predicted, is 

easy to communicate and comprehend. The proportional odds is theoretically more efficient 

but is also more complex and its results are  not so readily translated into clinical terms. [In 
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either case, these developments in methodology increase the value of information obtained 

from the GOS and GOSE, and are likely to extend the role of these scales in clinical 

research.  

 

[H2] Ceiling effects  

Some have argued that GOS and GOSE ratings have a low ceiling that does not adequately 

represent the range of impairment within Good Recovery categories43. For this reason, 

interest has grown in developing composite batteries that combine the GOSE with, for 

example, cognitive tests so as to increase sensitivity and the ability to detect subtle changes 

in outcome10. Composite endpoints have been used in several large-scale clinical trials in 

TBI, including studies of the impact of magnesium sulphate67  and intracranial pressure 

monitoring on functional recovery following TBI68. Despite use of a range of outcome 

measures, these trials still failed to demonstrate benefits of intervention.  A simulation in 

which the GOSE alone was compared with a composite measure that included the GOSE 

and three neuropsychological tests showed that, after adjusting for baseline prognosis, the 

two approaches had similar power to detect an effect69. The authors of this study concluded 

that cognitive testing only adds an advantage if the intervention has a larger effect on 

cognition than on global outcome. This finding has generated interest in developing sensitive 

cognitive endpoints that might be used as primary endpoints in place of the GOS and GOSE, 

but clinical studies have provided no evidence that composite endpoints are superior to the 

GOSE alone. Furthermore, attempts to combine measures in this way  need to take into 

account the fact that cognitive impairment may not be associated with changes in daily 

function.  

 

[H1] Relationships with other outcome measures 

The main alternative to the GOS or GOSE as an index of general outcome is the Disability 

Rating Scale (DRS), which focuses on  neurological symptoms and restrictions in activities 

of daily living. The DRS is a 30-point scale that uses eight questions and tends to under-

represent social participation. The DRS was originally developed to track reductions in 

disability during rehabilitation70. Some reports have suggested that the DRS is more 

sensitive to change in inpatients than is the GOS, but the absence of a validated or objective 

comparator makes this conclusion difficult to justify71. Furthermore, assessment of the GOS 

in inpatient settings is inappropriate, and similar studies in future should use the GODS35. On 

the other hand, several aspects of the DRS have been criticized. Its use requires more 

training than is needed for the GOS or GOSE, and severe disability and vegetative 
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outcomes overlap43,72. The sensitivity of the DRS has also been questioned; for example, 

comparison of the DRS and GOS in the community has shown that the GOS is more 

sensitive to treatment effects of a hypothermia intervention72. 

Other scales tend to be used in rehabilitation settings, require rater training, and take longer 

to complete than the GOS, but can provide fine-grained assessments. For example, the 

Functional Independence Measure (FIM) comprises 18 questions, each of which is 

answered on a scale of 0–8. Use of the Functional Assessment Measure (FAM) as an 

adjuvant adds a further 12 questions. However, the FIM is thought to be of limited use in 

detecting changes after patients are discharged from rehabilitation, and it lacks sensitivity to 

psychosocial disability73. 

The DRS, FIM and FAM are not strictly ordinal, as they subcategorize abilities that do not 

have an inherent rank order; for example, a score for a feeding subcategory cannot be 

ranked below a higher score in communication9. Furthermore, errors in can reduce the 

power to detect an effect, and the potential for such misclassification increases as the 

number of items being scored increases72. This effect demonstrates the trade-off in using a 

measure, such as the GODS or GOSE, that is reliable, quick to administer and requires little 

training, or other measures that provide more-detailed information about actual and potential 

disability and can indicate specific needs for intervention and rehabilitation , but are more 

time consuming, less reliable, require more lengthy training and are more difficult to 

interpret, especially when using grouped data. 

The GOSE is associated with psychological factors, such as self-esteem, stress, depression, 

anxiety and locus of control. Late after injury, psychological factors are more strongly 

associated with outcome than are injury-related physical factors4,35. Sequential and serial 

assessment of patients with the GOSE has, therefore, facilitated attempts to understand the 

relationships between emotional function, disability and change in disability over time. 

Results of these longitudinal studies indicate that some outcomes remain unchanged, but 

others are dynamic and can improve or deteriorate even ten years or more after 

injury4,35,45,74,75.  

 

Assessment of health-related quality of life (QoL) has become increasingly important in 

neurological disease. The GOSs have been described as indices of quality of life, although 

are perhaps more precisely assessments of life function, which is just one component of 

QoL. Emotional distress continues to be associated with poor functional outcome many 

years after injury74, and GOS measures correlate closely with emotional distress and QoL as 

measured with generic QoL assessments, such as the SF-36, and with the Quality of Life 
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After Brain Injury (QOLIBRI) measure, which is specific for patients with head injury.35,56 The 

strength of the association between these measures indicates excellent validity of the 

clinician rating scales in relation to patient-reported outcomes. The direction of any causal 

relationship between subjective wellbeing and global function remains to be clarified, and is 

an important issue for understanding how patients can adjust to the effects of head injury.  

 

 

[H1] International developments  

Much of the work to develop the GOSs was conducted in Glasgow, UK, but the measures 

have been used widely and in multicentre international randomized controlled trials. 

Important insights have been gained from their worldwide use.  

 

[H2] Australia  

The GOS and GOSE have been used extensively in Australian studies that assessed early 

interventions76–80 and examined the effects of genetic status75,81, psychiatric disorders82,83, 

demographics, injury severity and rehabilitation74,84-88 on outcome. The Victorian State 

Trauma Registry also involves use of the GOSE to assess outcome in general trauma 

victims, including those with TBI89.  

 

The optimal method of analysing GOSE results remains a subject of debate in Australia. In 

many studies, the scale has been dichotomized, leading to reduced sensitivity. The point of 

dichotomization has varied: in some studies of medical interventions, a GOSE ranking of 5–8 

has indicated a good outcome76-78,80, whereas in some studies of rehabilitation , rankings of 

7–8 were good outcomes74,75. Not all of these dichotomizations are necessarily sensible: 

classifying Moderate Disability as a favourable outcome when the individual has been 

unable to return to pre-injury work and social activities, for example, is arguably 

inappropriate. The use of proportional odds analysis or a sliding dichotomy to describe GOS 

and GOSE outcomes in relation to the baseline risk for the individual could address this 

issue73. However, such methods seem to have been used very little in Australia to date. [ 

 

The possibility that the GOS has low sensitivity to emotional and psychosocial effects88 has 

been addressed in Australia with the development of The Sydney Psychosocial 

Reintegration Scale. This scale is a 12-item clinician rating scale designed to measure 

psychosocial functioning in people with head injury in the domains of Occupational Activity, 

Interpersonal Relationships and Independent Living Skills90. Having undergone a rigorous 

development process, this scale has been used, predominantly in Australian studies to date, 
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to document outcome across separate domains form both the patient and close other 

perspective, and to identify predictors of outcome. It has also shown sensitivity to change in 

response to treatment91. Although it takes longer than the GOSE to administer, these 

features render the SPRS complementary to the GOSE in certain contexts92.  

 

[H2] The USA 

In the USA, the GOS has been used extensively in single-centre and multicentre 

observational studies of severe TBI, including the National Coma Data Bank and NIH-funded 

clinical trials93,94. An undisputed advantage of the GOS and GOSE for trials in severe head 

injury is its capability to grade outcome in patients who are noncommunicative, or when 

standard performance-based outcome measures are not feasible through the use of clinical 

observation and/or input from a collateral source such as a carer or relative. Trends in 

current head injury research and clinical practice in the USA support the use of the GOS and 

its extensions, such as GOSE, GODS and GOSE-Peds, for use with children. For example,  

the GOSE-Peds has been used in clinical trials of hypothermia in children42. 

 

Versions of the GOS have been included in Common Data Element resources developed, 

on the basis of recommendations by study groups, by the NIH and other US Federal 

agencies, for assessing global outcome after TBI and outcomes in specific domains, 

including cognition, behaviour and social participation12. Version 2 of the CDE specified the 

most appropriate outcome measures according to severity of TBI, age of the patient and 

phase of recovery95. The National Institute of Neurological Disorders and Stroke (NINDS) 

designated the GOSE as a ‘core’ CDE measure of global outcome of adult TBI, including 

outcomes of acute hospitalization, rehabilitation after moderate to severe head injury, mild 

TBI, and as an outcome measure in epidemiology studies. The GOSE-Peds was 

recommended as a ‘basic’ measure of global outcome of acute hospitalization and 

rehabilitation in children with moderate to severe TBI, as a ‘supplemental’ outcome measure 

for concussion and mild TBI, and as an outcome in epidemiology studies. The GOS was 

designated as a ‘supplemental’ measure for all severities and phases of recovery from adult 

head injury, implying that GOSE should be preferred. This Federal impetus towards 

standardization of outcome measures facilitates comparison between studies, and US 

investigators are now mandated to submit their data on TBI to a Federal registry, which will 

eventually facilitate meta-analysis of aggregated data sets. 

 

The GOSE was the primary measure of global outcome in the Transforming Research and 

Clinical Knowledge in TBI (TRACK-TBI) pilot96 in the USA. The project involved patients with 

acute injuries across the spectrum of severity and produced seminal studies on the 
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prediction of outcome after mild TBI. Despite uncertainty about the sensitivity of the GOSE to 

the effects of mild TBI,  Good Recovery vs Moderate to Severe Disability at 3 months was 

related to MRI predictors which were obtained approximately two weeks post-injury 97.  

 

A major area of research and clinical practice in the USA is concussion in athletes, and the 

GOSs could have a role in this context. Given the intense interest in late effects of 

concussion, such as chronic traumatic encephalopathy, the GOS or GOSE might be useful 

in conjunction with other measures for grading the long-term effects of repetitive head 

impacts in prospective studies. 

 

Also in the USA, increasing recognition that the assessment of outcomes should include the 

patient’s perspective has led to NIH-supported development of self-report measures such as 

the Neuro-QOL, which has item banks to assess everyday functioning, social participation, 

emotional status, satisfaction with life, and applied cognition. Brief and extended self-report 

measures that are derived from the item banks have produced promising data that indicate 

their reliability and validity, and have been designated as CDEs. These self-report measures 

could complement the GOSE in future research96. 

   

[H1] Current status, future uses and improvements 

Nichol and colleagues73  list five features of the ideal outcome scale for head injury: it should 

be logistically simple to administer (that is, take a short time to administer, be valid with 

different methods of administration and have clearly defined scoring); reliable; valid; stable 

(that is, sensitive and responsive with no ceiling effects); and free to administer. As 

discussed above, the GOSs meet all of these criteria, and are widely recommended as the 

main outcome measure in studies of head injury9–11. An important and often overlooked 

advantage of the GOSs are their (validated) flexibility of administration as a community 

measure (GOS/GOSE) and as an inpatient measure (GODS), in addition to their ease of 

administration. As discussed, these features are associated with high follow-up rates in 

longitudinal studies4,44. Inevitably, however, choices need to be made, and the advantages 

of brevity, modest requirement for assessor training and high reliability of the GOSs must be 

weighed against the limitations and benefits of more comprehensive and fine-grained 

assessments. 

These considerations  have stimulated efforts to combine the GOS and GOSE with other 

instruments to create multidimensional endpoints10. As discussed, interest is growing in 

developing measures that combine the global outcome of GOSE with outcomes from tests of 
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cognitive impairment and quality of life98,99. Future studies that compare global outcomes 

with such composite approaches could be informative. Important to keep in mind when 

looking for subtle effects with such measures, however, is that the GOSs assess change in 

function that results from brain injury, whereas performance on cognitive tests is strongly 

affected by sociodemographic factors, such as age, education and deprivation, and by 

motivation to perform the tests100. Nevertheless, work in this area together with a better 

understanding of the impact of factors, such as rehabilitation and the community 

environment, in the post-acute stage could improve covariate adjustment in clinical trials, 

and therefore the overall sensitivity of endpoints to brain injury.  

Currently, the GOSE should be used in preference to the GOS for two reasons. First, data 

collected for the GOSE can be collapsed to provide GOS ratings if necessary, but the 

reverse is not true. Second, the GOSE has greater sensitivity32,62. The potential of the GODS 

to aid clinical decision-making and planning at the time of discharge, particularly from 

general wards, is an avenue for further research35. 

 

[H1] Conclusions 

The GOS in its original and extended forms is the most highly cited outcome scale in studies 

of brain injury, and 40 years after its original publication, it continues to be widely 

recommended as the primary outcome measure in intervention trials. The GOSs are simple 

to use, valid and reliable, are freely available and include adult and paediatric versions. Their 

flexibility of administration facilitates high follow-up rates. The GOSE should be used in the 

community in preference to the original to improve sensitivity, and the GODS can be used in 

inpatient settings32,35,51. The GOS is also the most popular clinician-reported outcome 

assessment for randomized controlled trials in acute head injury, and its extensive use over 

the past four decades has fostered interest in the development of composite assessments 

that use the GOSE in conjunction with other validated measures to enhance the assessment 

of outcome after brain injury. Our understanding of outcome after head injury will continue to 

develop, and the GOSs look set to continue to play an important role.  

 

 

Note: The GOS, GOSE and GODS together with guidance for use and training materials are 

available without cost at the following websites: 

https://commondataelements.ninds.nih.gov/TBI.aspx#tab=Data_Standards  
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http://www.gla.ac.uk/media/media_253224_en.pdf 

 

 

References 

1. Teasdale GM, Jennett B (1974). Assessment of coma and impaired 
consciousness: A practical scale. Lancet; 2, 81-84 
 
2. Jennett, B and Bond MR (1975). Assessment of outcome after severe brain 
damage. A practical scale. Lancet, 305, 480–484 

 

3. Millis SR, Rosenthal M, Novack TA, Shere M, Nick TG, Kreutzer JS, High 
WM, Ricker JH. Long-term neuropsychological outcome after traumatic brain injury. 
Journal of Head Trauma Rehabilitation 2001;16:343-55 
 
 
4. Whitnall L, McMillan TM, Murray G, Teasdale G (2006). Disability in young 
people with head injury: A 5-7 year follow-up of a prospective cohort study. J 
Neurology Neurosurgery, Psychiatry, 77, 640-645. 
 
5. Hammond FM, Grattan KD, Sasser H, Corrigan JD, Bushnik T, Zafonte RD 
(2001). Long-term recovery course after traumatic brain injury: A comparison of the 
functional independence measure and disability rating scale. J. Head Trauma 
Rehabil. 16, 318–329 
 
6. Ponce A, Lozano AM (2014). Erratum: Highly cited works in neurosurgery. 
Part II: the citation classics. J Neurosurgery 120:1252–1257 
 
7. Jennett, B., Snoek, J., Bond, M.R., and Brooks, N. (1981). Disability after 
severe head injury: observations on the use of the Glasgow Outcome Scale. J. 
Neurol. Neurosurg. Psychiatry 44, 285–293 
 
8. Sharma B and Lawrence DW (2014). Top-cited articles in traumatic brain 
injury. Front. Hum. Neurosci., Nov 5;8:879 doi: 10.3389/fnhum.2014.00879  

 
  
9. Narayan RK, Michel ME, Ansell B, Baethmann A, Biegon A, Bracken MB, 
Bullock MR, Choi SC, Clifton GL, Contant CF, Coplin WM, Dietrich WD, Ghajar J, 
Grady SM, Grossman RG, Hall ED, Heetderks W, Hovda DA, Jallo J, Katz RL, 
Knoller N, Kochanek PM, Maas AI, Majde J, Marion DW, Marmarou A, Marshall LF, 
McIntosh TK, Miller E, Mohberg N, Muizelaar JP, Pitts LH, Quinn P, Riesenfeld G, 
Robertson CS, Strauss KI, Teasdale G, Temkin N, Tuma R, Wade C, Walker MD, 
Weinrich M, Whyte J, Wilberger J, Young AB, Yurkewicz L. Clinical trials in head 
injury. J Neurotrauma. 2002;19(5):503-57. 
 
10. Bagiella E, Novack TA, Ansel B, Diaz-Arrastia R, Dikmen S, Hart T, Temkin N 
(2010). Measuring outcome in traumatic brain injury treatment trials: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Narayan%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ansell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baethmann%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biegon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bracken%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bullock%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clifton%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Contant%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coplin%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dietrich%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghajar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grady%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grossman%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heetderks%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hovda%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jallo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knoller%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kochanek%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maas%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Majde%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marion%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marmarou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=McIntosh%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohberg%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muizelaar%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pitts%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quinn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Riesenfeld%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robertson%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Strauss%20KI%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teasdale%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Temkin%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuma%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wade%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weinrich%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Whyte%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilberger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12042091
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yurkewicz%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12042091


18 
 

Recommendations from the Traumatic Brain Injury Clinical Trials Network. J Head 
Trauma Rehabil, 25, 375–382 
 
11. Ardolino A, Sleat G, Willett K (2012). Outcome measures in major trauma; 
outcome of a consensus meeting. Injury, 43, 1662-1666 
 
12. Wilde EA et al (2010). Recommendations for the use of common outcome 
measures in traumatic brain injury research. Archives of Physical Medicine and 
Rehabilitation; 91(11):1650-1660 
 
 
13. Carlsson C-A, von Essen C, Lofgren J (1968). Factors Affecting the Clinical 
Course of Patients with Severe Head Injuries. J Neurosurgery, 29, 242-251 
 
14. Heiskannen O, Sipponen P (1970). Prognosis of severe brain injury. Acta 
Neurol. Scand., 46, 343-348 
 
 
15. Jennett B, Teasdale G, Galbraith S, et al. Severe head injuries in three 
countries. J Neurol Neurosurg Psychiatry 1977; 40:291-8 
 
16. London PS (1967). Some observations on the course of events after severe 
injury to the head. Annals of the Royal College of Surgeons of England 41:6, 460-
479 

 

17. Jennett B, Plum F (1972). Persistent vegetative state after brain damage. A 
syndrome in search of a name. Lancet. 1972 Apr 1;1(7753):734-7. 
 
18. Anonymous (1973) Predicting outcome after severe brain damage. The 
Lancet, i,  March 10, 523-524.  
 
19. Vapalahti M, Troupp (1971). Prognosis for Patients with Severe Brain Injuries. 
British Medical Journal, 3,404-407  

 

 
20. World Health Organisation (1980). International Classification of Impairment, 
Disability and Handicap. WHO, Geneva. 
http://apps.who.int/iris/bitstream/10665/41003/1/9241541261_eng.pdf  
 
21. Teasdale, G.M., Pettigrew, L.E., Wilson, J.T., Murray, G., Jennett, B. (1998). 
Analyzing outcome of treatment of severe head injury: a review and update on 
advancing the use of the Glasgow Outcome Scale. J. Neurotrauma 15, 587–597 
 
22. Bates D, Caronna JJ, Cartlidge NEF et al. A prospective study of non-
traumatic coma: methods and results in 310 patients. Ann Neurol 1977; 2:211-2 
 
23. Langfitt TW. Measuring the outcome from head injuries. JNeurosurg 1978; 
48:673-8 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Jennett%20B%5BAuthor%5D&cauthor=true&cauthor_uid=4111204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plum%20F%5BAuthor%5D&cauthor=true&cauthor_uid=4111204
http://www.ncbi.nlm.nih.gov/pubmed/4111204


19 
 

24. Becker DP, Miller JD, Ward JD, Greenberg RP, Young HF, Sakalas R. The 
outcome from severe head injury with early diagnosis and intensive management. J 
Neurosurg 47:491–502, 1977 

 

25. Braakman R, Gelpke G J, Habbema JDF, Maas AIR, Minderhoud JM (1980). 
Systematic selection of prognostic features in patients with severe head injury. 
Neurosurgery 6: 362-370 
 
26. Foulkes AM, Eisenberg MH, Jane AJ, Marmarou A, Marshall LF (1991). The 
Traumatic Coma Data Bank: design, methods, and baseline characteristics. J. 
Neurosurgery. 75, s8–s15 
 
27. Brooks, D.N., Hosie, J., Bond, M.R., Jennett, B., Aughton, M. (1986). 
Cognitive sequelae of severe head injury in relation to the Glasgow Outcome Scale. 
J. Neurol. Neurosurg. Psychiatry 49, 549–553 
 
28. Maas, A.I., Braakman, R., Schouten, H.J., Minderhoud, J.M., van Zomeren, 
A.H. (1983). Agreement between physicians on assessment of outcome following 
severe head injury. J. Neurosurg. 58, 321–325 
 
29. Anderson, S.I., Housley, A.M., Jones, P.A., Slattery, Miller, J.D. (1993). 
Glasgow Outcome Scale: an inter-rater reliability study. Brain Injury, 7, 309-317 
 
30. Wilson, J.T., Pettigrew, L.E., Teasdale, G.M. (1998). Structured interviews for 
the Glasgow Outcome Scale and the extended Glasgow Outcome Scale: guidelines 
for their use. J. Neurotrauma 15, 573–585 
 
31. Wilson JT, Pettigrew LE, Teasdale GM (2000). Emotional and cognitive 
consequences of head injury in relation to the Glasgow outcome scale. J. Neurology 
Neurosurgery, Psychiatry; 69, 204-208 
 
32. Levin, H.S., Boake, C., Song, J., Mccauley, S., Contant, C., DiazMarchan, P., 
Brundage, S., Goodman, H., and Kottrla, K.J. (2001). Validity and sensitivity to 
change of the extended Glasgow Outcome Scale in mild to moderate traumatic brain 
injury. J. Neurotrauma 18, 575–584 
 
33. Pettigrew, L.E., Wilson, J.T., Teasdale, G.M. (1998). Assessing disability after 
head injury: improved use of the Glasgow Outcome Scale. J. Neurosurg. 89, 939–
943 
 
34. Wilson, J.T., Edwards, P., Fiddes, H., Stewart, E., and Teasdale, G.M. (2002). 
Reliability of postal questionnaires for the Glasgow Outcome Scale. J. Neurotrauma 
19, 999–1005 
 
35. McMillan TM, Weir CJ. Ireland A, Stewart E, (2013). The Glasgow Outcome at 
Discharge Scale: An Inpatient Assessment of Disability after Head Injury. J 
Neurotrauma, 30 (11) 970-974 (doi: 10.1089/neu.2012.2703) 
 
36. Barlow KM, Thomson E, Johnson D, Minns RA. Late neurologic and cognitive 
sequelae of inflicted traumatic brain injury in infancy. Pediatrics 2005;116: 174-85 



20 
 

 
37. Ciurea AV, Coman T, Rosu L, Ciurea J, Baiasu S (2005). Severe brain 
injuries in children. Acta Neurochirurgica – Supplement; 93: 209-12 

 

38. Vavilala MS, Kernic MA, Wang J, Kannan N, Mink RB, Wainwright MS, 
Groner JL, Bell MJ, Giza CC, Zatzick DF, Ellenbogen RG, Boyle LN, Mitchell PH, 
Rivara FP. Acute care clinical indicators associated with discharge outcomes in 
children with severe traumatic brain injury. Crit Care Med. 2014 Oct; 42(10):2258-66 
 
39. Willis CD, Gabbe BJ, Butt W, Cameron PA (2006). Assessing outcomes in 

paediatric trauma populations. Injury, Int. J. Care Injured  37, 1185-1196 

 

40. Fiser, D.H. (1992). Assessing the outcome of pediatric intensive care. J 
Pediatr. 121, 68–74 

 

 
41. Fiser, D.H., Long, N., Roberson, P.K., Hefley, G., Zolten, K., and Brodie–
Fowler, M. (2000). Relationship of pediatric overall performance category and 
pediatric cerebral performance category scores at pediatric intensive care unit 
discharge with outcome measures collected at hospital discharge and 1- and 6-
month follow-up assessments. Crit. Care Med. 28, 2616–2620 
 
42. Beers SR, Wisniewski SR, Garcia-Filion P, Tian Y, Hahner T, Berger RP, Bell 
MJ and Adelson PD (2012).Validity of a Pediatric Version of the Glasgow Outcome 
Scale–Extended J Neurotrauma, 29:1126–1139 
 
43. Bullock MR, Merchant RE, Choi SC, Gilman CB, Kreutzer JS, Marmarou A, 
Teasdale GT (2002) Outcome measures for clinical trials in Neurotrauma. Nurosurg. 
Focus, 13 (1), ECP1. 1-11 
 
44. Thornhill S, Teasdale GM, Murray GD, et al. Disability in young people and 
adults one year after head injury: prospective cohort study. BMJ 2000;320:1631–5 
 
45. McMillan, TM, Teasdale GM, Weir C, Stewart E (2012). Disability in young 
people and adults after head injury: 12-14 year follow-up of a prospective cohort 
study. J. Neurol Neurosurgery Psychiatry, 83:1086-1091 doi:10.1136/jnnp-2012-
302746 
 
46. MRC CRASH Trial Collaborators (2008). Predicting outcome after traumatic 
brain injury: practical prognostic models based on large cohort of international 
patients. BMJ; 336:425. doi: http://dx.doi.org/10.1136/bmj.39461.643438.25 
 
47. Millar K, Nicoll J et al (2003). Long term neuropsychological outcome after 
head injury; relation to APOE genotype. J Neurology Neurosurgery. Psychiatry, 74, 
1047-52 

 

48. Lu J., Murray G.D., Steyerberg E.W., Butcher I., McHugh G.S., Lingsma H., 
Mushkudiani N., Choi S., Maas A.I., Marmarou, A. (2008). Effects of Glasgow 



21 
 

Outcome Scale misclassification on traumatic brain injury clinical trials. J. 
Neurotrauma 25, 641–651 

 

49. Lu J, Marmarou A, Lapane K, Turf L, Wilson L (2010). A Method for Reducing 
Misclassification in the Extended Glasgow Outcome Score. J Neurotrauma, 27:843–
852  
 
50. Wilson, J.T., Slieker, F.J., Legrand, V., Murray, G., Stocchetti, N., Maas, A.I. 
(2007). Observer variation in the assessment of outcome in traumatic brain injury: 
experience from a multicenter, international randomized clinical trial. Neurosurgery 
61, 123–128; discussion 128–129 

 

 

51. Saxena S, Orley J (1997). Quality of life assessment: The world health organization 
perspective. European Psychiatry, suppl., 12, 263s-266s 
 
52. Mailhan L, Azouvi P, Dazord A (2005). Life satisfaction and disability after 
severe traumatic brain injury. Brain Injury. 19(4):227-38 
 
53. Honeybul S, Janzen C, Kruger K, Ho KM, (2013). Decompressive 
craniectomy for severe traumatic brain injury: is life worth living? J Neurosurg 
119:1566–1575 
 
54. Wood RLl, Rutterford NR (2006). Psychosocial adjustment 17 years after 
severe brain injury. J Neurology Neurosurgery, Psychiatry, 77, 71-73 

 

55. von Steinbuechel N, Wilson L, Gibbons H, Muehlan H, Schmidt H, Schmidt S, 
et al. QOLIBRI Overall Scale: a brief index of health-related quality of life after 
traumatic brain injury. J Neurol Neurosurg Psychiatry. 2012; 83(11):1041–47. doi: 
10.1136/jnnp-2012-302361 
 
56. Bragge P, Synnot A, Maas AI, Menon DK, Cooper DJ, Rosenfeld JV, Gruen 
RL (2016). A state-of-the-science overview of randomized controlled trials evaluating 
acute management of moderate-to-severe traumatic brain injury. Journal of 
Neurotrauma. Online ahead of print; DOI 10.1089/neu.2015.4233  
 
57. Roozenbeek B; Lingsma HF; Lecky FE; Lu J; Weir J; Butcher I; McHugh GS; 
Murray GD; Perel P; Maas AI; Steyerberg EW (2012). International Mission on 
Prognosis Analysis of Clinical Trials in Traumatic Brain Injury (IMPACT) Study 
Group; Corticosteroid Randomisation After Significant Head Injury (CRASH) Trial 
Collaborators; Trauma Audit and Research Network (TARN).Prediction of outcome 
after moderate and severe traumatic brain injury: external validation of the 
International Mission on Prognosis and Analysis of Clinical Trials (IMPACT) and 
Corticoid Randomisation After Significant Head injury (CRASH) prognostic models. 
Critical Care Medicine. 40(5):1609-17 
 
58. Barer D (1998). Could stroke mega-trials be missing important treatment 
effects? Cerebrovasc .Dis. 8 Suppl 4,47 (Full paper available at 
(www.ncl.ac.uk/stroke-research-/posters/mega.pdfunit) . 

 

http://glasgow.summon.serialssolutions.com/2.0.0/link/0/eLvHCXMw1V1baxQxFA6loggi3l2rkAffyiwzuU_Bh7KdKi1Swa6IL0Mmm0jB7pa6pf35PblMZlRE6VufZ5IM-YZzvpyc8x2EKJmWxW82QZOaKyAj3cIKOHOQilkGjqRSAuhGbfwF7_6eaGbi4BtvhqZ9YHn1chWUE6fAJmN51c5YWvu2gB4VMcKl-Y8TZ7d11t3ssyuCQmqqfkwtnWIhphcwHpdd_hGuH_Kit_tkkJHsRKhQGaAOCYv9yE_9SPilMoX_rK9srEfLdPToPAXQD4ZYhM9QGYcTCStqGpVapjYaU-lTL3hsyZOtLcGhXymmY7Mp6M9f7PnZKaDilXsUl2pwVTmBMD_yAumnixOzfmeXxfwQfLEqKdlEd45251-afJ8ky9BlNX9l0IqNU9yEkASfevwIPUynBrwbEX-MNuzyCbr3MeVFPEVNAh6vHPbA4wH4HQyw4wA7jrDjMex4BPszNN9vjmcfitQgozBwMOeF60wnjTacAmljThjXUSpNaUonmWFCaetKyozi3HW-hJpIzYUj4SVeavocPdC-kGK5DgWXi5cIaw5zOia8MiGzVdepjpLKuVoZymGxCZr229WeRUGUdsgUhP1t_f62tWxVDfS95ROk-k1t0yZGttaC0_7X0BcRhGGlBNoEvR2jkp97EWf59X1FhSdiMEH1P6_Nkhy-l4FYv_rrolvofhQv9gG412hzfX5h36C7_pj7fXV5DcOHkCM
http://glasgow.summon.serialssolutions.com/2.0.0/link/0/eLvHCXMw1V1baxQxFA6loggi3l2rkAffyiwzuU_Bh7KdKi1Swa6IL0Mmm0jB7pa6pf35PblMZlRE6VufZ5IM-YZzvpyc8x2EKJmWxW82QZOaKyAj3cIKOHOQilkGjqRSAuhGbfwF7_6eaGbi4BtvhqZ9YHn1chWUE6fAJmN51c5YWvu2gB4VMcKl-Y8TZ7d11t3ssyuCQmqqfkwtnWIhphcwHpdd_hGuH_Kit_tkkJHsRKhQGaAOCYv9yE_9SPilMoX_rK9srEfLdPToPAXQD4ZYhM9QGYcTCStqGpVapjYaU-lTL3hsyZOtLcGhXymmY7Mp6M9f7PnZKaDilXsUl2pwVTmBMD_yAumnixOzfmeXxfwQfLEqKdlEd45251-afJ8ky9BlNX9l0IqNU9yEkASfevwIPUynBrwbEX-MNuzyCbr3MeVFPEVNAh6vHPbA4wH4HQyw4wA7jrDjMex4BPszNN9vjmcfitQgozBwMOeF60wnjTacAmljThjXUSpNaUonmWFCaetKyozi3HW-hJpIzYUj4SVeavocPdC-kGK5DgWXi5cIaw5zOia8MiGzVdepjpLKuVoZymGxCZr229WeRUGUdsgUhP1t_f62tWxVDfS95ROk-k1t0yZGttaC0_7X0BcRhGGlBNoEvR2jkp97EWf59X1FhSdiMEH1P6_Nkhy-l4FYv_rrolvofhQv9gG412hzfX5h36C7_pj7fXV5DcOHkCM


22 
 

59. Mendelow AD, Teasdale GM, Barer D, Fernandes HM, Murray GD, Gregson 
BA (2003). Outcome assignment in the International Surgical Trial of Intracerebral 
Haemorrhage. Acta Neurochirurgica. 145(8):679-81. 
 
60. Maas AI, Murray G, Henney H, Kassem N, Legrand V, Mangelus M, 
Muizelaar JP, Stocchetti N, Knoller N, Pharmos (2006). TBI investigators: Efficacy 
and safety of dexanabinol in severe traumatic brain injury: results of a phase III 
randomised, placebo-controlled, clinical trial. Lancet Neurology; 5:38-45. 
 
61.  McHugh GS, Butcher I, Steyerberg EW, Marmarou A, Lu J, Lingsma HF, 
Weir J, Maas AI, Murray GD (2010). A simulation study evaluating approaches to the 
analysis of ordinal outcome data in randomized controlled trials in traumatic brain 
injury: results from the IMPACT Project. Clin Trials; 7:44-57 
 
62. Weir J, Steyerberg EW, IButcher I, Lu,J, Lingsma HF, McHugh GS, 
Roozenbeek B, Maas AIR, Murray GD (2012). Does the Extended Glasgow 
Outcome Scale Add Value to the Conventional Glasgow Outcome Scale? J 
Neurotrauma; 29(1): 53–58. 
 
63. Roozenbeek B, Lingsma HF, Perel P, Edwards P, Roberts I, Murray GD, 
Maas AI, Steyerberg EW (2011). The IMPACT (International Mission on Prognosis 
and Clinical Trial Design in Traumatic Brain Injury) Study Group and the CRASH 
(Corticosteroid Randomisation After Significant Head Injury) Trial Collaborators. The 
added value of ordinal analysis in clinical trials: an example in traumatic brain injury. 
Crit Care 15:R127. doi: 10.1186/cc10240 
 
64. Emberson J, Lees KR, Lyden P (2014). Effect of treatment delay, age, and 
stroke severity on the effects of intravenous thrombolysis with alteplase for acute 
ischaemic stroke: a meta-analysis of individual patient data from randomised trials. 
Lancet; 384(9958):1929-35 
 
65. Nunn A, Bath PM, Gray LJ (2015), Analysis of the modified Rankin Scale in 
randomised controlled trials of acute ischaemic stroke: A systematic review. Stroke 
Research and Treatment, Vol 2016, article ID 9482876, 7 pages; 
http://dx.doi.org/10.1155/2016/9482876 
 
66. Maas AIR, Steyerberg EW, Marmarou A, McHugh GS, Lingsma HF, Butcher I, 
Lu J, Weir J, Roozenbeek B, Murray GD (2010). IMPACT recommendations for 
improving the design and analysis of clinical trials in moderate to severe traumatic 
brain injury. Neurotherapeutics; 7(1):127-34. doi: 10.1016/j.nurt.2009.10.020 
 
67. Temkin, N.R., D Anderson, G., Winn, H.R., Ellenbogen, R.G., Britz, G.W., 
Schuster, J., Lucas, T., Newell, D.W., Mansfield, P.N., Machamer, J.E., Barber, J. 
and Dikmen, S.S. (2007). Magnesium sulfate for neuroprotection after traumatic 
brain injury: a randomised controlled trial. Lancet Neurology 6, 29-38. 
 
68. Chesnut, R.M., Temkin, N., Carney, N., Dikmen, S., Rondina, C., Videtta, W., 
Petroni, G., Lujan, S., Pridgeon, J., Barber, J., Machamer, J., Chaddock, K., Celix, 
J.M., Cherner, M. and Hendrix, T. (2013). A trial of intracranial-pressure monitoring 
in traumatic brain injury. N. Engl. J. Med. 367, 2471-2481 



23 
 

 
69. Alali AS, Vavrek D, Barber J, Dikmen S, Nathens AN, Temkin NR (2015). 
Comparative study of outcome measures and analysis methods for traumatic brain 
injury trials. J Neurotrauma 2015, 32(8): 581-589. 
 
 
70. Rappaport, M., Hall, K.M., Hopkins, K., Belleza, T., and Cope, DN (1982). 
Disability rating scale for severe head trauma patients: coma to community. Arch. 
Phys. Med. Rehabil. 63, 118–123 
 
71. Hall K, Cope N, Rappaport M (1985). Glasgow Outcome Scale and Disability 
Rating Scale: comparative usefulness in following recovery in traumatic head injury. 
Arch Phys Med Rehab; 66:35-7. 
 
72. Choi, S.C., Clifton, G.L., Marmarou, A., Miller, E.R. (2002). Misclassification 
and treatment effect on primary outcome measures in clinical trials of severe 
neurotrauma. J. Neurotrauma, 19, 17–22 
 
73. Nicoll AD, Higgins AM, Gabbe BJ, Murray LJ, Cooper DJ, Cameron PA 
(2011). Measuring functional and quality of life outcomes following major head injury: 
Common scales and checklists. Injury, 42, 281-287 
 
74. Ponsford J., Draper K, Schönberger, M. Functional outcome 10 years after 
traumatic brain injury: its relationship with demographic, injury severity, and cognitive 
and emotional status. J Int Neuropsychol Soc, 2008. 14(2): 233-42. 
 
75. Ponsford, J et al., The association between apolipoprotein E and traumatic 
brain injury severity and functional outcome in a rehabilitation sample. J 
Neurotrauma, 2011. 28(9): 1683-92 
 
76. Cooper, D.J., et al., Prehospital hypertonic saline resuscitation of patients with 
hypotension and severe traumatic brain injury: a randomized controlled trial. JAMA, 
2004. 291(11): 1350-7 
 
77. Bernard, S.A., et al., Prehospital rapid sequence intubation improves 
functional outcome for patients with severe traumatic brain injury: a randomized 
controlled trial. Ann Surg, 2010. 252(6): 959-65 
 
78. Nichol, A., et al., Protocol for a multicentre randomised controlled trial of early 
and sustained prophylactic hypothermia in the management of traumatic brain injury. 
Crit Care Resusc, 2015. 17(2): p. 92-100 
 
79. Garner, A.A., M. Fearnside, and V. Gebski, The study protocol for the Head 
Injury Retrieval Trial (HIRT): a single centre randomised controlled trial of physician 
prehospital management of severe blunt head injury compared with management by 
paramedics. Scand J Trauma Resusc Emerg Med, 2013. 21: 69 
 
80. Moore, EM, Bellamo R, Nichol AD. Erythropoietin as a novel brain and kidney 
protective agent. Anaesthesia and Intensive Care, 2011, 39(3), 356-372 
 



24 
 

81. Willmott, C., et al., COMT Val158Met and cognitive and functional outcomes 
after traumatic brain injury. J Neurotrauma, 2014. 31(17): p. 1507-14 
 
82. Gould, K.R., et al., Relationship between psychiatric disorders and 1-year 
psychosocial outcome following traumatic brain injury. J Head Trauma Rehabil, 
2011. 26(1): 79-89 
 
83. Schönberger M, Ponsford J, Gould, K & Johnston L (2011). The temporal 
relationship between depression, anxiety and functional status after traumatic brain 
injury: A cross-lagged analysis. Journal of the International Neuropsychological 
Society, 17, 5, 781-787 
 
84. Fearnside, M.R., et al., The Westmead Head Injury Project outcome in severe 
head injury. A comparative analysis of pre-hospital, clinical and CT variables. Br J 
Neurosurg, 1993. 7(3): 267-79 
 
85. Draper, K., J. Ponsford, and M. Schönberger, Psychosocial and emotional 
outcomes 10 years following traumatic brain injury. J Head Trauma Rehabil, 2007. 
22(5): 278-87 
 
86. Ponsford, J.L., et al., Longitudinal follow-up of patients with traumatic brain 
injury: Outcome at two, five, and ten years post-injury. Journal of Neurotrauma, 
2014. 31(1): 64-77 
 
87. Tate R.L, Broe G.A, Lulham JM, Impairment after severe blunt head injury: 
the results from a consecutive series of 100 patients. Acta Neurol Scand, 1989a. 
79(2): p. 97-107 
 
88. Tate, R.L., et al., Psychosocial outcome for the survivors of severe blunt head 
injury: the results from a consecutive series of 100 patients. J Neurol Neurosurg 
Psychiatry, 1989b. 52(10): p. 1128-34 
 
89. Gabbe B, Sutherland A, Hart M, Cameron P (2010) Population-based capture 
of long-term functional and quality of life outcomes after major trauma - the 
experiences of the Victorian State Trauma Registry. Journal of Trauma 69: 532-536 
 
90. Tate, R., et al., Measuring psychosocial recovery after traumatic brain injury: 
psychometric properties of a new scale. J Head Trauma Rehabil, 1999. 14(6): p. 
543-57 
 

91. Draper, K., Ponsford, J., & Schönberger (2007) Psychosocial and Emotional 
Outcome Following Traumatic Brain Injury.  Journal of Head Trauma Rehabilitation, 
22(5), 278-287.   
 

92. Ponsford, J., Lee, N. McKay, A., Wong, D., Haines, K., Alway, Y., Downing, 
M., Furtado, C. , O’Donnell, M. (2015) Efficacy of Motivational Interviewing and 
Cognitive Behavioral Therapy for Anxiety and Depression Symptoms following 
Traumatic Brain Injury. Psychological Medicine. Published Online Dec 2015; -1:1-12. 
DOI:10.1017/S0033291715002640 
 



25 
 

93. Clifton GL, Miller ER, Choi SC, Levin HS, McCauley S, Smith KR Jr, 
Muizelaar JP, Wagner FC Jr, Marion DW, Luerssen TG, Chesnut RM, Schwartz M. 
Lack of effect of induction of hypothermia after acute brain injury. New England 
Journal of Medicine 344(8):556-563, 2001 
 
94. Wright DW, Yeatts SD, Silbergleit R. Progesterone in traumatic brain injury. N 
Engl J Med. 2015; 372(18):1766-7 
 
95. Hicks R, Giacino J, Harrison-Felix C, Manley G, Valadka A, Wilde EA. 
Progress in developing common data elements for traumatic brain injury research: 
version two--the end of the beginning. J Neurotrauma. 2013;30(22):1852-61 
 
96. Yue JK, Vassar MJ, Lingsma HF, Cooper SR, Okonkwo DO, Valadka AB, 
Gordon WA, Maas AI, Mukherjee P, Yuh EL, Puccio AM, Schnyer DM, Manley GT; 
TRACK-TBI Investigators (2013a). Transforming research and clinical knowledge in 
traumatic brain injury pilot: multicenter implementation of the common data elements 
for traumatic brain injury. J Neurotrauma; 30(22):1831-44 
 
97. Yuh EL, Mukherjee P, Lingsma HF, Yue JK, Ferguson AR, Gordon WA, 
Valadka AB, Schnyer DM, Okonkwo DO, Maas AI, Manley GT; TRACK-TBI 
Investigators (2013b). Magnetic resonance imaging improves 3-month outcome 
prediction in mild traumatic brain injury. Ann Neurol; 73(2):224-35 
 
98. Tulsky DS, Kisala PA, Victorson D, Carlozzi N, Bushnik T, Sherer M, Choi 
SW, Heinemann AW, Chiaravalloti N, Sander AM, Englander J, Hanks R, 
Kolakowsky-Hayner S, Roth E, Gershon R, Rosenthal M, Cella D (2016). TBI-QOL: 
Development and Calibration of Item Banks to Measure Patient Reported Outcomes 
Following Traumatic Brain Injury. J Head Trauma Rehabil. 31, 40-51  

 

 
99. Poon, W., Vos, P., Muresanu, D., Vester, J., von Wild, K., Homberg, V., 
Wang, E., Lee, T.M. and Matula, C. (2015). Cerebrolysin Asian Pacific trial in acute 
brain injury and neurorecovery: design and methods. J Neurotrauma 32, 571-580. 
 
 
100. Lezak MD, Howieson DB, Bigler ED, Tranel MD (2012). Neuropsychological 
Assessment. Oxford University Press, New York.  

 

Table 1: Original proposed descriptions of GOS categories by Jennett and Bond2 

GOS Category Proposed description of category 
 

Death Ascribable to a particular incident and due to 
original brain damage. Potentially sub-
categorize deaths according to whether they 
occur before or after regaining 
consciousness to distinguish initial recovery 
from brain damage  

Persistent Vegetative State Unresponsive and speechless for weeks or 
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 months after acute brain damage. Sleep 
wake cycles return after 2–3 weeks   

Severe Disability  
(conscious but disabled) 

Dependent on daily support because of 
physical and/or mental causes 

Moderate Disability  
(disabled but independent) 

Independent in ‘daily life’ (for example, can 
use public transport and work in a sheltered 
environment). Able to maintain self-care and 
‘activities of daily living’. Considerable family 
disruption possible 

Good Recovery 
 

Resumption of normal life, although there 
may be minor neurological and psychological 
deficits. Return to work could lead to false 
impressions in either direction (for example, 
socioeconomic factors in work availability, 
attitude of past employers; included here are 
leisure interests and family relationships 

 


