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Objective: to systematically review which determinants, as-
sessed within the first month after a moderate to severe trau-
matic brain injury, predict 6-month functional outcome.
Methods: Databases were searched for relevant publica-
tions between 1995 and August 2008. Selection criteria were: 
prospective cohort studies; determinants associated with 
functional outcome 6 months after moderate to severe trau-
matic brain injury in adult patients; determinants assessed 
within the first month post-injury. Two reviewers independ-
ently performed the selection and quality assessment. A best- 
evidence synthesis was performed for prognostic factors as-
sessed in 2 or more studies.
Results: Twenty-eight studies were included, 27 of which 
were high quality. Most studies used the Glasgow Outcome 
Score at 6 months post-injury as outcome measure, some-
times in combination with other outcome measures. Strong 
evidence for predicting outcome at 6 months was found for 
the Glasgow Coma Scale (GCS), GCS admission, motor 
score, midline shift on computed tomography scan, sub-
dural haematoma and pulsatility index. Strong evidence of 
no association was found for gender and intraventricular 
haemorrhage. For other determinants, inconclusive or no 
evidence was found.
Conclusion: GCS, GCS on admission, motor score, midline 
shift, subdural haematoma and pulsatility index predicted 
outcome 6 months after traumatic brain injury. Gender 
and intraventricular haemorrhage did not have predictive 
value. 
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INTRODUCTION 

Traumatic brain injury (TBI) is a major cause of death and 
disability. The incidence rate in Europe, reporting hospital-
ized patients and patients who die before reaching hospital, is 
approximately 243 per 100,000 per year (1). The majority is 

discharged home, often without any follow-up treatment, and 
many experience long-term consequences without receiving 
adequate help (1–3).

In the hospital phase, a global prognosis on outcome is made 
and follow-up treatment is initiated. Early prognostication of 
outcome is relevant for directing rehabilitation treatment and 
for informing patients and relatives about the prognosis. A 
broad variety of possible determinants of prognosis after TBI 
has been investigated. However, the studies are of varying 
quality and often generate conflicting results. In a systematic 
review on prognostic models, the authors established that: (i) 
as many as 89 determinants were included in prognostic mod-
els; (ii) the methodological quality of many of these models 
was poor; and (iii) that they were rarely validated on external 
populations (4). Therefore, well-accepted algorithms to deter-
mine which patients will recover well and which will be at risk 
for long-term disabilities are currently not available. Little is 
known about predicting outcome at the level of resuming daily 
activities and social participation.

In a systematic review of long-term prognosis after TBI, 
Willemse-van Son et al. (5) established that the level of disabil-
ity at discharge from rehabilitation predicts ongoing disability 
1 year or more after TBI. In a second study Willemse-van Son 
et al. (6) established that the Barthel Index at hospital discharge 
predicts community integration 3 years post-onset. Optimiz-
ing a patient’s level of activities may contribute to an optimal 
level of participation in the longer run. From this perspective 
it may be pivotal to identify those patients who are in need of 
subacute rehabilitation. 

The objective of the present systematic review was therefore 
to identify which determinants, assessed within the first month 
post-injury, predict functioning 6 months post-injury. 

METHODS

Search strategy
In 1995 the Brain Trauma Foundation in the United States developed 
the first TBI Guidelines with the assistance of a group of international 
experts (7). This set the benchmark for evidence-based guidelines in 
neurosurgery and other surgical specialties regarding TBI. After an 
update in 2000 and 2007, the guidelines were endorsed by the American 
Association of Neurological Surgeons and the World Health Organi-
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zation’s Committee on Neurotrauma. We performed a computerized 
literature search of PubMed and PsychINFO from 1995 to August 2008. 
Additionally, reference lists of identified publications were checked. 

The search strategy was developed and tested for PubMed and 
adapted for PsychINFO. To describe the population the MeSH term 
“craniocerebral trauma” was used. To describe the design the follow-
ing key terms were used: the MeSH term “predictive value of tests”, 
prognos* and predict*. To select the adult population the MeSH terms 
“adult” and “middle aged” were used. Two reviewers independently 
screened titles and abstracts to identify relevant articles. Relevant 
articles were retrieved in full text. Full papers were also retrieved 
when abstracts were absent or if they provided insufficient informa-
tion to enable selection. 

Selection criteria
A study was included if all of the following criteria were met: (i) the 
study investigated determinants of functional outcome after TBI; (ii) 
TBI was defined as “an alteration in brain function as a result of an 
acute external violent force to the head”; (iii) outcome was described 
as functional outcome, measured with at least the Glasgow Out-
come Score (GOS) (8) or a comparable measure describing activity 
limitations or participation restrictions; (iv) the study investigated the 
association between determinants, measured in the first month post-
injury, and outcome measures as defined; (v) outcome was assessed 
at 6 months post-injury; (vi) the study population consisted of mode-
rate and/or severe TBI patients or a separately analysed subgroup of 
moderate to severe TBI patients (Glasgow Coma Scale (GCS) 3–12 

(9)); (vii) the majority (at least 80%) of the patients in the studies was 
in the age range 18–65 years; (viii) the article was written in English, 
French, German or Dutch; (ix) the article was a full-text article; (x) 
the study design was a prospective cohort study. 

A study was excluded if: (i) the study population had additional seri-
ous neurological, oncological or systemic impairments; (ii) outcome 
was presented only as a dichotomous distinction on the GOS between 
“death/vegetative state” and “severe disability/moderate disability/
good recovery”. 

Two reviewers assessed all criteria independently in the full-text 
articles. Reviewers were not blinded as to the names of author(s), 
institution(s) or journal. In case of disagreement, consensus was 
sought. If disagreements were not resolved a third reviewer made 
the final decision. 

Quality assessment
The methodological quality of the articles was assessed with a modi-
fied version of an established criteria list for prospective cohort stud-
ies (10). The criteria list was modified for the topic of the review in 
concordance with the framework for assessing validity in prognostic 
studies (11).

The criteria list consisted of 16 items (footnote Table I). The item 
was scored positive (yes), if it fulfilled the criterion. If a criterion was 
not fulfilled, the item was scored negative (no). If there was insufficient 
information, the item was scored unclear (?). The total sum of positive 
items was calculated as the quality score (maximum 16 points). A study 
that scored 8 or more points was considered high quality. 

Table I. Results of methodological assessment

Article a b c d e f g h i j k l m n o p Quality score

Wang et al. (27) 1 1 1 1 1 0 1 0 1 1 1 0 1 1 0 0 11
Signoretti et al. (12) 1 0 0 1 0 0 1 0 1 1 1 0 1 0 0 0 7
Fabbri et al. (36) 1 1 1 1 1 0 1 0 1 1 1 0 1 1 0 1 12
Hebb et al. (37) 1 0 1 1 1 0 1 1 1 1 1 0 1 0 0 0 10
IMPACT study (13–23) 1 1 0 1 1 0 1 0 1 1 1 0 1 0 1 1 11
Pang et al. (50) 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 11
Tanriverdi et al. (63) 1 1 0 1 1 1 1 1 1 1 0 0 1 1 0 1 12
Oh et al. (29) 1 0 0 1 0 0 1 0 1 1 1 0 1 0 0 1 8
Hiler et al. (24) 1 1 0 1 1 0 1 1 0 1 0 0 1 1 0 1 10
Shutter et al. (30, 33) 1 0 1 1 1 0 1 1 1 1 1 1 1 1 0 0 12
Vos et al. (44) 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 15
Glenn et al. (34) 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 13
Lew et al. (28) 0 0 1 1 1 1 1 0 1 1 1 0 1 1 0 0 10
Mattioli et al. (40) 1 1 1 1 1 0 1 0 0 1 0 0 1 0 0 1 9
Tan et al. (32) 1 1 0 1 1 1 1 0 1 1 1 0 1 1 0 1 12
Sarrafzadeh et al. (51) 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 0 12
Rovlias & Kotsou (39) 1 1 1 1 0 0 1 0 1 1 1 0 1 1 0 1 11
Moreno et al. (38) 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 15
Struchen et al. (25) 1 0 1 1 0 0 1 0 1 1 1 1 1 1 0 1 11
Theilen et al. (31) 1 0 0 1 0 0 1 1 0 1 0 1 1 1 0 0 8
Lannoo et al. (26) 1 0 1 1 1 0 1 0 1 1 1 1 1 1 0 1 12
Van den Brink et al. (52) 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 13
Lubillo et al. (41) 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 14
Della Corte et al. (48) 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 13
Le Roux et al. (43) 1 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 12
Kelly et al. (42) 1 1 0 1 1 0 1 1 1 1 1 0 1 1 0 0 11
Ellenberg et al. (35) 1 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 10
Rae-Grant et al. (49) 1 1 1 1 1 0 1 0 1 1 1 0 1 1 0 1 12

Criteria; yes = 1, no/? = 0: (a) inception cohort; (b) description of source population; (c) description of relevant inclusion and exclusion criteria; (d) follow-
up at least 6 months; (e) drop-outs/loss to follow-up < 20%; (f) information completers vs loss to follow-up/drop-outs; (g) prospective data collection; 
(h) treatment in cohort is fully described/standardized; (i) clinically relevant potential prognostic factors; (j) standardized or valid measurements; (k) 
data presentation of most important prognostic factors; (l) clinically relevant outcome measures; (m) standardized or valid measurements; (n) data 
presentation of most important outcome measures; (o) appropriate univariate crude estimates; (p) appropriate multivariate analysis techniques.
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Two reviewers independently scored the quality. In case of disagree-
ment, consensus was sought. If consensus could not be reached, a third 
reviewer made the final decision. Overall inter-observer agreement 
was tested with kappa statistics; the agreement on the 448 individual 
items was compared with the expected agreement. 

Data extraction
Data on study cohort, inclusion and exclusion criteria, number of 
participants, time post-injury, loss to follow-up, outcome measure-
ments, prognostic factors, and results on associations were extracted, 
using a standardized form. 

Analysis
A best-evidence synthesis was performed, in which 4 levels of evi-
dence (10) (Table II) were defined to determine the strength of the 
association of prognostic factors with functioning after 6 months. 
Significant relative risk ratios (RRs), odds ratios (ORs), or significant 
associations (p < 0.05) that were provided by the studies were used to 
determine the levels of evidence. We used the results of multivariate 
analyses preferentially to establish levels of evidence. When multivari-
ate data on a determinant were not available, we used the univariate 
results. We also checked all studies for univariate results to rule out 
the chance that we missed relevant information. For our conclusion 
and analysis we only present results on determinants investigated in 
2 or more studies. 

RESULTS

Selection of studies
In total, 770 non-duplicate citations were identified and 106 
full-text articles were retrieved. Agreement was initially 
reached in 85% (90 of 106) of articles, and consensus was 
sought and reached for 16 articles. Finally, 39 articles were 
selected, investigating 28 cohorts. 

Methodological quality
The overall inter-observer agreement of the methodological 
quality assessment was K = 0.61, representing substantial 
agreement. Disagreement occurred mainly because of read-
ing errors and was easily resolved. For 9 individual items 
disagreement persisted and a third reviewer made the final 
decision. Table I shows the final results of the methodological 
assessment. One study was of lower quality and scored 7 points 
(12); all other studies were of high quality.

Study characteristics
The study characteristics are presented in Table III. All studies 
were prospective observational cohort studies except for one 
(13–23), which used the data of several randomized controlled 

trials (RCT) and observational cohorts. We included studies 
with patients with moderate to severe TBI (GCS 3–12). Some 
studies used other classifications for severity: the necessity 
of full intensive care unit (ICU) treatment (24), a motor GCS 
< 6 (25), or a motor GCS < 6 for more than 24 h (26). These 
populations were considered to meet the inclusion criteria 
and were therefore included in this review. More than 40 
prognostic determinants were studied. All studies used the 
GOS at 6 months after injury as an outcome measure, except 
for 2 studies that used the extended GOS (GOS(E)) (27, 28), 
and 1 study that used the Disability Rating Scale (DRS) (29). 
Several studies used additional outcome measures besides the 
GOS(E): the DRS (25, 29–31), the employability component 
of the DRS (EMP) (30) the Sickness Impact Profile (SIP) (26), 
a neuropsychological test battery (26) the Cognitive Ability 
Scale (29) and mortality. For this review only the GOS(E) 
and DRS were considered. Many of the articles did not report 
descriptive statistics regarding the determinants, or effect sizes 
such as an odds ratio. This complicated the estimation of the 
impact of the determinants. 

Levels of evidence
We only established the levels of evidence for prognostic fac-
tors analysed in 2 or more studies. Table IV presents the results 
of the best-evidence synthesis.

Patient characteristics
There was strong evidence of no relationship between gender 
and outcome. Gender was analysed in 9 studies (21, 22, 27, 
32–38), 5 of which used gender as a determinant in the mul-
tivariate analysis (21, 22, 32, 35–37). None of these 9 studies 
found a relationship between gender and outcome. 

The evidence for the prognostic value of age was incon-
clusive. Nine studies found that an older age was related to 
a worse outcome (21, 22, 24–26, 29, 35, 37, 39, 40), and 4 
studies found no relationship between age and outcome (31, 32, 
36, 41). In contrast, one study found an inverse relationship; 
an older age was associated with a better outcome (33). After 
taking the univariate results into account, a larger proportion 
of studies found no association between age and outcome (27, 
31–34, 38, 42–44). 

Cerebral oxygenation
The evidence for the predictive value of pulsatility index (PI, 
difference between systolic and diastolic blood flow velocities 
divided by mean blood flow velocity) on transcranial Doppler 
(TCD) was strong. Two high-quality studies found an associa-
tion between higher PI and worse outcome. ORs were high: 
21.42 (95% confidence interval (CI) 3.81–183.08) (38) and 
25.69 (95% CI 4.95–113.26) (32). 

The evidence for the prognostic value of cerebral blood flow 
(CBF), blood flow velocity, cerebral perfusion pressure (CPP) 
and intracranial pressure (ICP) was inconclusive. 

CPP and ICP were analysed in 7 studies (24, 25, 32, 34, 38, 
42, 43), 4 of which presented a multivariate analysis (24, 25, 

Table II. Levels of evidence

Strong Consistent findings (≥ 80%) in at least 2 high-
quality cohorts

Moderate One high-quality cohort and consistent findings  
(≥ 80%) in one or more low-quality cohorts

Limited Findings of one cohort or consistent findings  
(≥ 80%) in one or more low-quality cohorts

Inconclusive Inconsistent findings irrespective of study quality

J Rehabil Med 42
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32, 38). Two studies found a lower CPP and a higher ICP to 
be associated with worse outcome (25, 32). Univariate results 
were consistent with multivariate results.

The evidence for the prognostic value of hypotension and 
hypoxia was also inconclusive. In the multivariate analysis of 
4 studies, hypotension was associated with a worse outcome 
(21, 25, 29, 38). However, in 4 other studies no significant 
relationship was found (32, 36, 41, 44). Hypoxia was tested in 
a multivariate model in 6 studies (21, 26, 32, 34, 36, 44). One 
study found a correlation between hypoxia and unfavourable 
outcome (45), and another study reported a significant result 
for oxygen saturation, but not for oxygen pressure (34). The 
others found no significant results.

Imaging studies
Computed tomography (CT) scanning was assessed in most 
studies. Different classification methods were used, but the 
Marshall classification (46) was used most commonly. There-
fore, we made subgroups corresponding to this classification. 
For the separate category midline shift (Marshall IV) we found 
strong evidence. Midline shift was analysed in 2 studies and 
both found an association with worse outcome (16, 21, 24).

The evidence for the prognostic value of the total Marshall 
classification and for the separate categories mass lesion (cor-
responding to Marshall V/VI) and compressed/absent cisterns 
(Marshall III) was inconclusive, in the analysis of multivariate 
results. In the univariate analysis, however, compressed/absent 
cisterns were associated with worse outcome in all 3 studies 
(16, 21, 38, 40). 

The evidence for the prognostic value of subdural hae-
matoma (SDH) was strong. Two studies found an association 
with worse outcome (16, 21, 47). There was strong evidence 
of no relationship between intraventricular haemorrhage (IVH) 
and outcome. Two studies found no association (26, 47). The 
evidence for subarachnoid haemorrhage (SAH), epidural 
haematoma (EDH) and intracranial haemorrhage (ICH) was 
inconclusive (Tables III and IV). 

Magnetic resonance spectroscopy (MRS) was investigated in 
2 studies (12, 30, 33). Regarding the items investigated in both 
studies, only univariate data were available. These items were 
N-acetylaspartate/creatine (NAA/Cho) and N-acetylaspartate/
choline (NAA/Cr) ratios. NAA/Cho had an association with 
outcome in both studies. Because one study was of low quality 
(12), this evidence was moderate. The evidence for NAA/Cr 
was inconclusive.

Physical examination
We found strong evidence for the prognostic value of the GCS 
overall (all GCS measurements together), the GCS on admis-
sion to the hospital and the GCS motor score. The GCS was 
analysed in 21 different studies (17, 21, 24–27, 29, 31–34, 
37–44, 47–49), 5 of which presented only univariate results 
(27, 34, 42, 43, 48). Of the remaining 16 studies, 13 found that 
a lower GCS was related to worse outcome. All 4 studies on 
motor GCS (17, 21, 29, 33, 41) found that lower motor score 
was related to worse outcome. Five studies (32, 33, 37, 40, A
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in 1 of 2 studies (31, 49). Two other studies presented only a 
univariate analysis (28, 33), one found a relationship between 
presence of abnormal SSEP and worse outcome, and one found 
a relationship between absent vs (ab)normal SSEP and lower 
mortality, but not for abnormal vs normal SSEP. 

Laboratory parameters

The evidence for haemoglobin, platelet count and hypergly-
caemia was inconclusive (Tables III and IV). 

Subgroup analysis of larger studies

To estimate the influence of sample size on our results, a 
subgroup analysis of studies including more than 100 patients 
was performed. In these 12 studies (21, 24–26, 35, 38–40, 
47, 50–52) we found strong evidence that midline shift and 
subdural haematoma predict outcome. Strong evidence of no 
association was found for gender and intraventricular haemor-

47) found an association between lower admission GCS and 
worse outcome, 1 found no association (24). The evidence for 
the prognostic value of GCS after resuscitation and field GCS 
was inconclusive (Tables III and IV). There was inconclusive 
evidence for the prognostic value of pupillary reactions. Six 
studies found a relation between absence of or abnormal pupil-
lary reactions and worse outcome in the multivariate analysis, 
(17, 21, 32, 37–39, 41), 3 studies found no association (26). 
However, univariate analysis showed an association in 6 out 
of 7 studies. 

The evidence for the prognostic value of body temperature 
and injury severity score (ISS) was inconclusive (Tables III 
and IV). 

Electrophysiological data
The evidence for the prognostic value of somatosensory evoked 
potentials (SSEP) was inconclusive. In a multivariate analysis, 
a relation between normal SSEP and better outcome was found 

Table IV. Results of qualitative analysis

Determinant Number of studies
Association with 
better outcome Non-significant

Association with 
worse outcome Inconsistent Level of evidence

Older age 14 1 4 9 0 Inconclusive 
Body temperature 2 0 1 1 0 Inconclusive
Lower blood flow velocity 3 0 1 2 0 Inconclusive
Lower CBF* 2 0 0 1 1 Inconclusive
Lower CPP 4 0 2 2 0 Inconclusive
CT 21 – – – –
Marshall ordinal 4 0 2 2 0 Inconclusive
Compressed/absent cisterns 3 0 1 2 0 Inconclusive
Midline shift 2 0 0 2 0 Strong
Mass lesion 4 0 3 1 0 Inconclusive
Traumatic SAH 6 0 4 2 0 Inconclusive
EDH 2 1 1 0 0 Inconclusive
SDH 2 0 0 2 0 Strong
ICH 2 0 1 1 0 Inconclusive
IVH 2 0 2 0 0 Strong no

Lower GCS 16 0 3 13 0 Strong
Admission 6 0 1 5 0 Strong
After resuscitation 3 0 1 2 0 Inconclusive
Motor 4 0 0 4 0 Strong
Field 2 0 1 1 0 Inconclusive

Male gender 5 0 5 0 0 Strong no
MRS NAA/Cr* 2 0 1 1 0 Inconclusive
MRS NAA/Cho* 2 0 0 2 0 Moderate
Haemoglobin low 3 0 2 1 0 Inconclusive
Hyperglycaemia 3 0 1 2 0 Inconclusive
Hypotension 8 0 4 4 0 Inconclusive 
Hypoxia 6 0 4 1 1 Inconclusive 
Higher ICP 4 0 2 2 0 Inconclusive
Lower ISS 2 1 1 0 0 Inconclusive
Higher PI 2 0 0 2 0 Strong
Platelet count low 2 0 1 1 0 Inconclusive
Abnormal/absent pupillary 
reactions

9 0 3 6 0 Inconclusive

Abnormal SSEP 2 0 1 1 0 Inconclusive 

*Univariate analysis.
CBF: cerebral blood flow; CPP: cerebral perfusion pressure; CT: computed tomography; EDH: epidural haematoma; SDH: subdural 
haematoma; ICH: intracranial haemorrhage; IVH: intraventricular haemorrhage; GCS: Glasgow Coma Scale; MRS: Magnetic resonance 
spectroscopy; NAA/Cr: N-acetylaspartate/choline; NAA/Cho: N-acetylaspartate/creatine ; ICP: intracranial pressure; ISS: injury severity 
score; PI: pulsatility index ; SSEP: somatosensory evoked potentials.
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rhage. Inconclusive evidence was found for GCS, age, hypoten-
sion, hypoxia, epidural haematoma, SAH, pupillary reactions, 
state of basal cisterns, haemoglobin, platelet count, body 
temperature, ICP and CPP. In a subgroup analysis of studies 
with more than 300 patients (3 studies (21, 35, 47)) we found 
strong evidence for the predictive value of subarachnoid haem-
orrhage and subdural haematoma. We found strong evidence 
of no association between gender and outcome. Inconclusive 
evidence was found for GCS, age, hypotension, hypoxia, 
epidural haematoma, and pupillary reactions. 

DISCUSSION

The objective of this systematic review was to identify which 
determinants, assessed within the first month after TBI, predict 
functioning 6 months post-onset. Providing new information 
or explaining the findings in terms of pathophysiology is not 
the primary goal of a systematic review. Therefore, although 
relevant for clinicians, we were cautious not to speculate about 
underlying mechanisms or explanations for which no evidence 
was given in the included studies. 

Our study established strong evidence that low GCS overall, 
low GCS on admission, low motor score, presence of midline 
shift on CT scan, presence of subdural haematoma and high 
PI on transcranial Doppler were predictors of poor outcome 
6 months post-TBI. We found strong evidence that gender 
and intraventricular haemorrhage do not predict outcome. 
We found moderate evidence that a lower ratio NAA/Cho 
on MRS predicts poor outcome. However, this was based on 
univariate data. For all other determinants the evidence was 
inconclusive.

Comparison with other literature
We compared our findings with several other reviews and 
relevant publications on prognostic factors and prognostic 
models after TBI. In a systematic review on the long-term 
prognosis (1 year or more) after TBI, Willemse et al. (5) es-
tablished that older age, pre-injury unemployment, substance 
abuse, and more severe disability at rehabilitation discharge 
were strong predictors for ongoing disability. Inconclusive 
evidence was found for female gender, and lower GCS. Our 
results were different with regard to age and GCS. Possibly 
long-term functioning depends less on initial severity scores 
such as the GCS and more on psychosocial variables such as 
age, coping style, social support and, for example, financial 
resources. In the studies included in the current review, few 
other sociodemographic factors were investigated besides 
age. In contrast, the studies included in the review on the 
longer term by Willemse et al., investigated primarily socio-
demographic factors, and few basic medical and neurological 
variables. 

As mentioned in the introduction, several prognostic models 
have been developed. Most models predict mortality or GOS 
after 6 or 12 months and include age, GCS or motor score, 
pupillary reactivity and some other factors, such as CT pa-
rameters, hypotension or hypoxia (45, 53–55). Our findings, 

however, suggest that age might not be a strong predictor of 
outcome. PI has not been included in previous prognostic 
models as far as we know. Given the high odds ratios found 
in 2 studies in this review, the PI may well be a promising 
determinant of outcome. 

In a systematic review on SSEP, the authors concluded that 
SSEP are the best single overall predictor of outcome after TBI 
(56). We could not find any evidence to support this conclu-
sion. It is possible that SSEP are more useful for predicting 
mortality than for predicting functional outcome. 

Limitations of the review

We searched studies published between the presentation of 
the TBI guidelines in 1995 and August 2008. It is possible 
that relevant publications before or after that time were not 
included in this review, such as the Traumatic Coma Data Bank 
studies (57). However, we think that it would be inappropri-
ate to include older studies in a review on prognostic factors, 
because there have been substantial changes in treatment over 
the last decades (7, 58). This most likely has had an effect on 
the general prognosis after TBI, thus hampering comparability 
between older and more recent studies. Furthermore, publica-
tion bias might have occurred. Studies with significant results 
might be easier to publish and therefore easier to find. Also, 
we did not include studies published in languages other than 
English, French, German or Dutch. We studied only moderate 
to severe TBI patients. Therefore it is not clear whether the 
findings can also be generalized to mild TBI patients. 

Besides the GOS, only a few other measures of functional 
outcome were used. The GOS is a rather crude measure, with 
limited sensitivity to change (59, 60). There is some observer 
variation in outcome assessment with the GOS(E), which might 
have influenced the results of the studies (61, 62). The effect of 
this on our results is not clear. The prognostic value of a deter-
minant might be underestimated by using such a crude measure. 
However, underestimation might also happen when more catego-
ries are used, as a result of a higher misclassification rate (61). 
In planning individualized long-term rehabilitation programmes 
more detailed information on outcome is pivotal.

Some of the included studies excluded penetrating head 
injury, other studies did not. Little information was given in 
the studies about how many patients had closed or open head 
injuries, or about the prognosis of these subgroups. It is not 
clear whether this has influenced our results. 

Some variables might have a U-shape correlation with out-
come. For example: in the IMPACT study both very high and 
very low blood pressure were associated with a worse outcome 
(13). In many other studies, blood pressure was dichotomized 
on a certain threshold. Therefore, the adverse effect of a very 
high blood pressure might obscure the prognostic value of 
hypotension in the studies analysed in this review. It was not 
possible to calculate a correction for this effect. 

In the analysis, the results of large studies were given equal 
weight to the results of small studies. Therefore negative 
findings in smaller studies might influence the results dispro-
portionately. However, based on the separate analysis of the 
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results of studies with more than 100 and 300 patients, this 
has not resulted in false negative conclusions. The evidence 
for determinants such as age, pupillary reactions, hypotension 
and hypoxia remained inconclusive in both subgroup analyses, 
indicating that our results are robust.

Recommendations 
In predicting outcome after brain injury there is a reasonable 
amount of uncertainty. A multitude of determinants may con-
tribute to the prognosis. In planning rehabilitation treatment, 
clinicians should pay attention to the contextual factors as well 
as to the early medical information. Because TBI is a lifelong 
disorder in which changing contextual demands may generate 
new needs for professional support, and because we are unable 
to accurately predict who is at risk of incurring restrictions of 
activities or participation, TBI patients should be involved in 
a life-long, well-coordinated programme. 

Furthermore, outcome measurement should be more specific 
than just the GOS(E) and should encompass more detailed 
functional outcome measures, for instance on participation in 
leisure and professional activities, caregiver strain and the risk 
of developing mood disorders.

Much of the literature available is written from an isolated 
neurological, neurosurgical or rehabilitation perspective. To 
improve outcome prediction, multidisciplinary research should 
take place, and knowledge should be integrated.
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