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Objectives: Prognosis of outcome after traumatic brain injury (TBI) is important in the 
assessment of quality of care and can help improve treatment and outcome. The aim of this 
study was to compare the prognostic value of relatively simple injury severity scores between 
each other and against a gold standard model – the IMPACT‑extended (IMP‑E) multivariable 
prognostic model. Materials and Methods: For this study, 866 patients with moderate/severe 
TBI from Austria were analyzed. The prognostic performances of the Glasgow coma scale (GCS), 
GCS motor (GCSM) score, abbreviated injury scale for the head region, Marshall computed 
tomographic (CT) classification, and Rotterdam CT score were compared side‑by‑side and 
against the IMP‑E score. The area under the receiver operating characteristics curve (AUC) and 
Nagelkerke’s R2 were used to assess the prognostic performance. Outcomes at the Intensive Care 
Unit, at hospital discharge, and at 6 months (mortality and unfavorable outcome) were used as 
end‑points. Results: Comparing AUCs and R2s of the same model across four outcomes, only 
little variation was apparent. A similar pattern is observed when comparing the models between 
each other: Variation of AUCs <±0.09 and R2s by up to ±0.17 points suggest that all scores 
perform similarly in predicting outcomes at various points (AUCs: 0.65–0.77; R2s: 0.09–0.27). 
All scores performed significantly worse than the IMP‑E model (with AUC > 0.83 and R2 > 0.42 
for all outcomes): AUCs were worse by 0.10–0.22 (P < 0.05) and R2s were worse by 0.22–0.39 
points. Conclusions: All tested simple scores can provide reasonably valid prognosis. However, 
it is confirmed that well‑developed multivariable prognostic models outperform these scores 
significantly and should be used for prognosis in patients after TBI wherever possible.

Keywords: Abbreviated injury scale, Glasgow coma scale, outcome, prognosis, traumatic 
brain injury

Outcome Prediction after Traumatic Brain Injury: Comparison of 
the Performance of Routinely Used Severity Scores and Multivariable 
Prognostic Models
Marek Majdan1,2, Alexandra Brazinova1,2, Martin Rusnak1, Johannes Leitgeb3

Address for correspondence: Dr. Marek Majdan, 
Department of Public Health, Faculty of Health Sciences and 

Social Work, Trnava University, Univerzitne Namestie 1,  
91701 Trnava, Slovakia. 

E‑mail: mmajdan@truni.sk

after TBI is significantly lower when compared to the general 
population: An analysis of two large cohorts of patients after 
TBI reported a standardized mortality ratio of 2.4 and 3.9, 
respectively.[5]

Prognosis of outcome after TBI is an important tool in 
the assessment of quality of care, policy‑making, clinical 
research, and practice and thus can help improving treatment 
and outcome.[6] Progress in quality and validity of available 
TBI prognostic tools was made possible by advancements 
in statistical modeling techniques that were applied to large 
datasets of patients with TBI.[6‑8] A variety of multivariable 
prognostic models have been developed to date. A systematic 

Original Article

Introduction

Despite efforts in prevention and improvements of care 
during the past decades, traumatic brain injuries (TBIs) 

still present a significant medical and public health problem 
globally. The main drivers of increasing concerns are large 
increases of TBI incidence caused by traffic accidents in 
developing countries (related to substantially increasing traffic 
density) and aging of the population (especially in countries 
with high economy level) and the related high incidence 
of TBI caused by falls.[1,2] A recent systematic review in 
Europe reported the pooled incidence of hospital‑admitted 
TBI at 262/100,000 person years[3] while another systematic 
review reported crude incidence rates derived from 22 
population‑based studies, ranging from 47.3 to 694 per 
100,000.[4] Along with the high rates of hospital admissions, 
TBI is associated with population mortality ranging from 
9 to 28.1 per 100,000.[4] Adding to the overall public health 
burden of TBI is the fact that the life expectancy of persons 
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review in 2006 identified 102 various prognostic models for 
patients with TBI[9] although many of these were of poor 
quality.[10] More recent models, such as the IMPACT[8] and 
the CRASH[7] models, have been developed on large datasets 
of patients, adhering to strict development criteria, and were 
externally validated for populations other than those used for 
their development, which proves their overall validity and 
generalizability.[2,6,11,12]

One of the drawbacks of multivariable prognostic models is 
that they provide prognosis based on a large and strictly defined 
set of predictors which are not always available in clinical 
or research settings, thus making predictions impossible.[11] 
Alternatively to multivariable prognostic models, simpler and 
more readily available scores are often used to describe the 
severity and extent of the injury and prognosis after TBI (for 
simplicity, we refer to them as “simple scores” throughout the 
paper).

Somewhat simpler when compared to multivariable models are 
scoring systems that are based on computed tomographic (CT) 
scans of the head and brain. Two major scoring systems have 
been developed and established as valid tools in research 
and clinical practice. The Marshall‑CT score (M‑CT) was 
introduced in 1991[13] and it groups patients based on 
their CT abnormalities into six groups. The Rotterdam CT 
score[14] (R‑CT) provides a score on a 1–6 scale that is based 
on the type and severity of lesions on the CT scan. Both, 
the M‑CT and the R‑CT, have been proven as valid tools for 
prognosis of patients after TBI.[15,16]

The Glasgow coma scale (GCS), GCS motor score (GCSM), 
and abbreviated injury scale (AIS) provide yet even simpler 
and widely used measures of injury severity. The GCS, 
introduced by Teasdale and Jennett in 1974,[17] is used to assess 
the level of consciousness based on motoric, eye, and verbal 
responses of the patient. Of the three components of the GCS, 
the motoric response was identified as containing virtually all 
the prognostic information carried by the summary score[18,19] 
and had been used in multivariable prognostic models, such 
as the IMPACT models.[8] The AIS has been developed by the 
AMA Committee on Medical Aspects of Automotive Safety[20] 
to provide researchers with a comprehensive rating system to 
tissue damage in regions of the body – including the region 
of head and neck (AIS for the head region [AIS‑H]). AIS 
served as a basis for the development of the Injury Severity 
Score[21,22] – a summary measure that describes the severity 
of the overall injury based on the assessment of the injury 
in each body part using the AIS.[23] The summary GCS, 
GCSM, and AIS have all been previously used in prognostic 
models[9,10] and have become standard measures of injury 
severity in patients after TBI. As they are routinely used and 
relatively easy to obtain, they potentially present an easily 
available prognostic tool. In this study, we sought to find out 
whether simple scores (GCS, GCSM, AIS‑H, M‑CT, or R‑CT) 
could be used for prognosis of outcome in patients after TBI 
alternatively to more complex multivariable models and how 
big is the difference between their predictive performances.

The aim of this study was to perform a side‑by‑side 
comparison of the prognostic value of a set of simple injury 

severity measures (GCS, GCSM, AIS‑H, M‑CT, and R‑CT) 
between each other and against a gold standard presented 
by the IMPACT‑extended (IMP‑E) multivariable prognostic 
models.

Materials and Methods
Study design and participants
For this study, data from two observational clinical studies 
conducted in Austrian hospitals were used. The first study: 
“Austrian TBI Project”[24] focused on the introduction of 
evidence‑based treatment of TBI in Austria, ran from 2002 
to 2005, and collected data on 415 patients in five major 
Austrian hospitals. All patients with a GCS of 8 or less and 
admitted to the hospital alive were included. The second 
study: “Early treatment of patients with severe and moderate 
TBI in Austria,”[25] focused on evidence‑based prehospital care 
and collected data on 778 patients with moderate or severe 
TBI (GCS 12 or less) in 14 Austrian centers, in 2009–2012. In 
both cases, compatible databases were used for data collection 
which allowed merging the two datasets in one, with a total 
of 1192 patient records. The study has been approved by the 
respective ethical committees of all participating centers where 
the data used in the paper were collected, in full accordance 
with the Declaration of Helsinki.

The following data were collected for all patients: 
demographic characteristics (age, sex); data on injury type 
and severity (including total GCS, its components, AIS for 
the regions of head/neck, face, thorax, extremities, abdomen, 
and external); data on CT scan (allowing to categorize patients 
using the Marshall and R‑CT scores); data on prehospital and 
Intensive Care Unit (ICU) treatment; and data on outcome at 
ICU discharge, hospital discharge, and 6 months postinjury. 
Outcomes at ICU discharge and hospital discharge were 
recorded as survival/death and the outcomes at 6 months 
were assessed using the Glasgow outcome scale (GOS); for 
this study, the GOS at 6 months postinjury was categorized 
(1) as survival/death and (2) as favorable (GOS 4–5)/
unfavorable (GOS 1–3).

Test methods and analysis
The main line of analysis in this study is a side‑by‑side 
comparison of the prognostic value of the selected simple 
scores (GCS, GCSM, AIS‑H, M‑CT, and R‑CT) for 
the outcomes at ICU discharge (mortality), at hospital 
discharge (mortality), and at 6 months postinjury (mortality 
and favorable vs. unfavorable outcome). Second, all scores 
are compared to the IMP‑E multivariable prognostic model 
selected as the “gold standard.” This model was selected as 
it showed good prognostic performance when externally 
validated for the prediction of outcomes in patients with TBI 
in Austria.[11] A comparative description of the analyzed scores 
is presented in Table 1.

Binary logistic regression models were fit using the binary 
outcome (either alive/dead or favorable/unfavorable) as 
response variables, and the respective scores (as single 
predictors) or the set of variables defined in the IMP‑E 
model were used as predictors. To allow cross‑comparisons 
of the size of the effect of the predicting variables on the 
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outcome in each model, odds ratios with 95% confidence 
intervals are presented. To evaluate the prognostic value, 
the area under the receiver operating characteristics (ROC) 
curve (AUC) and Nagelkerke’s R2 were used. The AUC 
is a value ranging between 0.5 and 1 referring to the 
discrimination ability of the model (discrimination between 
the two outcomes defined in the binary response variable): 
AUC = 1 means perfect discrimination and AUC = 0.5 
means discrimination no better than by chance. Nagelkerke’s 
R2 is a measure of the predictive ability (ranging between 
0 and 1), indicating better performance when approaching 
1. Model overfitting may eventually result in too optimistic 
expected performance on subjects other than those used 
for the development of the model.[26] To correct for such 
optimism in the model predictions, bootstrapping with 500 
repetitions was used. Throughout the study, the presented 
AUC and Nagelkerke’s R2 values are after such correction. 
To allow comparison of the performance of all models to 
the gold standard, the values of AUC and Nagelkerke’s R2 

of each model were subtracted from the values calculated 
for the IMP‑E model. ROC curves are presented to allow 
graphical assessment of the differences in AUCs between 
the models. For all analyses, the open ‑source R statistical 
software[27] was used.

Results
A total of 866 patients were analyzed. Figure 1 presents the 
flow of participants throughout the study – only patients for 
whom the outcomes at all three points of assessment were 
available were included in the analyses. Table 2 presents the 
description of demographic characteristics of the sample, type 
and severity of their injury, their treatment, and outcome at 
different stages post injury. The mean age was 49.9 years 
and about three‑fourth of patients were male. Traffic injury 
and falls were with virtually equal share, the predominant 
causes (together 85% of patients). In general, the mean ISS 
(32.6), mean AIS‑H (4.2), low median of the first GCSM 
score (3) and total GCS score (4), along with relatively high 

Table 1: Overview and characteristics of the scores that were analyzed for their prognostic value in predicting 
outcomes after traumatic brain injury

GCS GCSM AIS M‑CT R‑CT IMPACT 
extended model

Year of 
introduction

1974 1974 1971 1991 2005 2008

Number 
of patients 
used for 
development

Not defined Not defined Not defined 746 patients 
with severe head 
injury (GCS <9)

Tirilazad 
trials (n=2269)

8509 patients 
from 8 RCTs, 
3 observational 
studies

Description A clinical scale 
for assessment of 
depth and duration 
of impaired 
consciousness 
and coma; three 
aspects of behavior 
assessed: motor 
(1‑6 scale), verbal 
(1‑5 scale), and 
eye response 
(1‑4 scale); total 
score yielded by 
adding the three 
separate subscores, 
maximum of 15 
points

One of the 
components of 
the GCS with five 
degrees of motor 
response
None, extension, 
AF, normal flexion 
(withdrawal), 
localizing, 
obeying 
commands[19]

Injuries 
rated on a 
scale of 1‑6; 
1 meaning 
minor 
injury and 
6 maximum 
injury

1) Diffuse injury I ‑ No 
visible intracranial 
pathology on CT
2) Diffuse injury II 
‑Cisterns present with 
MS 0‑5 mm and/
or lesions densities 
present; no high/mixed 
density lesion >25 cm3

3) Diffuse injury III 
(swelling) ‑ Cisterns 
compressed or absent 
with MS 0‑5 mm; no 
high or mixed density 
lesion>25 mm
4) Diffuse injury IV 
(shift) ‑ MS >5 mm; no 
high or mixed density 
lesion >25 cm3

5) Evacuated mass 
lesion ‑ Any lesion 
surgically evacuated
6) Nonevacuated mass 
lesion[14]

A summary score on 
scale of 1‑6 based on 
the following
Basal cisterns
Normal ‑ 0 patient;
Compressed‑ 1 patient;
Absent ‑ 2 patients;
Midline shift
No shift or shift <5 
mm ‑ 0 patient;
Shift >5 mm ‑ 1 
patient;
Epidural mass lesion
Present ‑ 0 patient
Absent ‑ 1 patient
Intraventricular blood 
or tSAH
Absent ‑ 0 patient;
Present ‑ 1 patient;
One point added to 
yield summary score[14]

Multivariable 
prognostic 
model, making 
predictions 
based on the 
following 
predictors
Age, GCS motor 
score, pupillary 
reactivity
M‑CT 
classification, 
hypoxia, 
hypotension, 
tSAH, EDH

GCS: Glasgow coma scale, CT: Computed tomography, MS: Midline shift, tSAH: Traumatic subarachnoid hemorrhage; EDH: Epidural 
hematoma, GCSM: Glasgow coma scale motor score, GCST: Total GCS, AIS‑H: Abbreviated injury scale for head and neck regions, 
M‑CT: Marshall‑CT classification, R‑CT: Rotterdam‑CT classification, RCTs: Randomized controlled trials, IMPACT: International Mission 
on Prognosis and Analysis of Clinical Trials, AF: Abnormal flexion
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rates of hypotension and hypoxia indicate severe injuries. 
The most common predominant CT diagnoses were subdural 
hematoma (34%), diffuse edema (15%), and subarachnoid 
hemorrhage (14%). All other diagnoses were predominant 
in 11 or less percent of the sample. These CT findings were 
summarized using the Marshall CT (M‑CT) score (42% of 
patients fell into categories 5 or 6) and the R‑CT score (28% 
had a score of 4 or higher). About half of the patients were 
transported by helicopter, most received prehospital fluid (95% 
of patients; mean amount 864 ml), and almost three‑fourth 
were intubated and underwent neurosurgical procedure. The 
mortality at ICU discharge was 36% and increased to 41% at 
6 months postinjury; about half of the patients had unfavorable 
outcome at 6 months.

Table 3 gives an overview of the effect size of the 
predictors (simple scores and the IMP‑E model) on the 
outcomes at different time points postinjury, presented as odds 
ratios. In general, the sizes of effects for the same predictor 
were similar throughout the outcomes with little variations. 
When comparing the GCS, GCSM, and AIS‑H with the R‑CT 
and M‑CT scores, the two latter had considerably higher 
effect, suggesting that the relation of the two CT scores to 
outcomes is higher.

Table 4 presents the comparative analysis of the prognostic 
performance of the tested scores. When comparing the AUCs 
and R2s of the same model across the four outcomes, only 
little variation is observed in all cases which suggest that 
the performance of each score (and model) is similar for the 
prediction of outcome at ICU discharge, hospital discharge, and 
6 months (both mortality and unfavorable outcome). A similar 
pattern is observed when comparing the performance of the 
models between each other (for each outcome point separately): 
The variation in case of AUCs is not larger than ±0.09 points; 
the R2s vary somewhat more, by up to 0.17 points. Both these 
comparisons suggest that all scores perform similarly when 
used for predicting outcomes at various points of assessment. 
In all cases, AIS‑H performed superior to all other tested 
scores, suggesting best prognostic value at each outcome point.

On the other hand, all analyzed scores perform significantly 
worse when compared to the IMP‑E model (gold standard): 
In case of AUC, the differences vary between 0.10 and 
0.22 (P < 0.05 in all comparisons of AUCs between simple 
scores and gold standard), and in case of R2, the differences 
are even more significant, ranging between 0.22 and 0.39 
points. These findings are confirmed in Figure 2 where the 
ROC curves of all models are presented in a cross comparison: 

Potentially eligible participants
n = 1192

Excluded
Due to nonavailable outcome

information
n = 326

Eligible participants
n = 866

Prognostic value test

GCSM GCST AIS-H M-CT R-CT IMPACT EXTENDED

Reference standard:
ICU outcome (alive/dead); Hospital outcome (alive/dead); 

Six-month mortality (alive/dead); Six-month outcome (favorable/unfavorable)
n = 866

Figure 1: Flow of participants through the study. GCSM: Glasgow coma scale motor score; GCST: Total GCS; AIS‑H: Abbreviated Injury Scale for Head and Neck Regions; 
M‑CT: Marshall CT classification, R‑CT: Rotterdam CT score



24 Journal of Neurosciences in Rural Practice ¦ Volume 8 ¦ Issue 1 ¦ January - March 2017

Majdan, et al.: Simple scores for prognosis of TBI

The ROCs of all tested models are relatively close to each 
other, and a significantly lower performance is apparent in all 
cases when compared to the IMP‑E model.

Discussion
We present a study where we have performed a side‑by‑side 
comparison of the predictive value of simple injury severity 
scores between each other and against a gold standard, for which 
the prognostic performance of the IMP‑E multivariable prognostic 
model was taken. To the best of our knowledge, this is the first 
study that presents such a comprehensive comparison. Our main 
findings are as follows: The compared simple scores (GCS, 
GCSM, M‑CT, R‑CT) had similar prognostic performance in a 
side‑by‑side comparison for the prediction of outcomes at each 
time point; the performance of AIS‑H was slightly superior to all 
other simple scores; the performance of each single score (GCS, 
GCSM, AIS‑H, M‑CT, R‑CT, IMP‑E) was similar when used 
for predictions of outcome at various time points postinjury; 
the prognostic performance of the simple scores (GCS, GCSM, 
AIS‑H, M‑CT, R‑CT) was significantly worse when compared to 
the performance of the IMP‑E model (gold standard).

Although this is, to our knowledge, the first study presenting 
cross‑comparison of prognostic performances of various 
injury severity scores, previous studies reported analyses 
of the performance of such scores separately. Out of the 
scores reported in this study, the most studied in the context 
of outcome prediction in TBI patients is the GCS and its 
components. It must be noted that there are aspects of the 
GCS relevant to note in the context of this study. First, the 
GCS in TBI patients is routinely being assessed at various 
time points after injury (typically in field and at admission) 
and it has been shown that the predictive value may vary 
by time of assessment.[11,28‑30] These differences may be due 
to ability to validly assess the GCS in sedated and intubated 
patients.[30‑32] Second, the values of the GCS may differ due 
to interrater disagreement when it is assessed at various time 
points by different persons.[31]

However, there is strong evidence that both the total GCS[7,33] 
and the GCSM[8,29,34] (which was found to contain virtually all 
the prognostic value of the total GCS[18,35]) are strongly related 
to outcome in TBI patients. A study analyzing 21,657 patients 
from the UK reported an AUC = 0.89 and Nagelkerke’s 
R2 = 0.55 for the total GCS assessed in the field; whereas 
for admission assessment, an AUC = 0.9 and Nagelkerke’s 
R2 = 0.59 were reported.[29] An earlier study of the same 
predictor found an AUC = 0.92 (GCS defined as “worse in 
24 h and estimated if the patient received sedatives”).[36] A 
meta‑analysis (although including only 5 studies) reported 

Table 2: Contd...
Parameter Measure

6 months post injury mortality 359 (41)
6 months post injury unfavorable outcome 427 (49)

n: Number of cases, SD: Standard deviation, IQR: Interquartile 
range, AIS: Abbreviated injury scale, GCS: Glasgow coma scale, CT: 
Computed tomography, ICU: Intensive Care Unit, M‑CT: Marshall‑CT 
classification, R‑CT: Rotterdam‑CT classification

Table 2: Demographic characteristics, injury type and 
severity, treatment factors, and outcomes at different 

stages postinjury in the analyzed sample of patients with 
traumatic brain injury (n=866 patients)

Parameter Measure
Demographic

Age, mean (SD) 49.9 (21.8)
Sex (male), n (%) 625 (72)

Injury mechanism, n (%)
Traffic 359 (43)
Fall 350 (42)
Violence 24 (3)
Other 107 (13)

Injury type and severity
Injury severity score (ISS), mean (SD) 32.6 (19.1)
AIS of head and neck region, mean (SD) 4.2 (1.1)
First GCS motor score (median, IQR) 3 (1‑4)
First GCS score (median, IQR) 4 (1‑7)
Hypotension (yes), n (%) 86 (20)
Hypoxia (yes), n (%) 94 (23)

Predominant CT diagnosis, n (%)
Contusions 57 (11)
Diffuse edema 79 (15)
Epidural hematoma 49 (9)
Intracerebral hematoma 50 (9)
Intraventricular hemorrhage 5 (1)
Normal CT 20 (6)
Subarachnoid hemorrhage 74 (14)
Subdural hematoma 179 (34)
Ventricular hemorrhage 5 (1)

M‑CT score, n (%)
1 76 (9)
2 308 (38)
3 85 (10)
4 5 (1)
5 256 (31)
6 89 (11)

R‑CT score, n (%)
1 42 (5)
2 242 (31)
3 272 (35)
4 124 (16)
5 75 (10)
6 19 (2)

Treatment
Prehospital fluid (yes), n (%) 760 (95)
Total prehospital fluid, mean (SD) 864 (597)
Mode of transport (air), n (%) 376 (45)
Prehospital intubation (yes), n (%) 578 (71)
Neurosurgical procedure (yes), n (%) 560 (70)
Days at hospital, median (IQR) 15.8 (4.4‑33.5)

Outcomes, n (%)
ICU discharge mortality 316 (36)
Hospital discharge mortality 348 (40)

Contd...
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a pooled AUC of 0.9 for the prediction of death.[37] Another 
study using a large dataset of 12,882 patients found AUCs 
for field and admission assessments to be 0.84.[28] The 
performance of the GCSM was found to be similar to that 
of the total GCS (AUC = 0.91 for both field and admission 
assessment, Nagelkerke’s R2 = 59 and 58 for field and 
admission assessment, respectively).[29]

The prognostic performance indices of the GCS and GCSM 
found in our study are somewhat lower which may be 
caused by various factors: (1) As opposed to using field or 
admission values of GCS, in our analyses we have used the 
first available GCS (and GCSM) as the predictor (using the 
field assessment wherever available, and the admission value 
if the field assessment was not available), as suggested by 

Table 3: Overview of odds ratios of the effects of tested predictors in the regression models with 95% confidence 
intervals

Model GCSM GCST AIS‑head R‑CT M‑CT IMPACT extended model
Mortality at ICU discharge (death coded as “1”)

OR; CI 95% None
EP
AF
WP
LP
OC

Reference
0.8; 0.5‑1.4
0.4; 0.2‑0.6
0.3; 0.2‑0.5
0.3; 0.2‑0.6
0.2; 0.1‑0.3

0.81; 0.78‑0.86 3.5; 2.8‑4.4 1: Reference
2: 2.6; 0.9‑7.6
3: 3.9; 1.4‑11.5

4: 10.1; 3.4‑30.1
5: 15.9; 5.1‑49.4
6: 26.6; 6.2‑113

1: Reference
2: 1.8; 0.9‑3.6
3: 8.6; 3.9‑18.9
4: 9.9; 1.5‑66.8

5: 4.2; 2‑8.5
6: 12.3; 5.6‑27.3

Age
GCSM LP or OC
None
EP
AF
WP
NA
Pupils 2 react
1 react
0 react
Hypotension
Hypoxia
tSAH
EDH
CT 2
1
3 or 4
5 or 6

1.06; 1.03‑1.07
Reference

2.7; 1.1‑6.3
4.4; 1.1‑18.2
0.9; 0.3‑2.5
0.7; 0.2‑1.9
1.6; 0.3‑7.9
Reference

2.1; 0.8‑5.5
11.6; 5.1‑26.5
2.2; 1.01‑4.8
2.1; 0.9‑4.5
1.2; 0.6‑2.5
0.97; 0.4‑2.3

Reference
0.8; 0.2‑3.7
5; 1.7‑15

5.1; 2.5‑10.4
Mortality at hospital discharge (death coded as “1”)

OR; CI 95% None
EP
AF
WP
LP
OC

Reference
0.9; 0.5‑1.6
0.4; 0.3‑0.7
0.3; 0.2‑0.5
0.3; 0.2‑0.5
0.1; 0.08‑0.3

0.81; 0.77‑0.85 3.1; 2.5‑3.8 1: Reference
2: 1.9; 0.8‑4.8
3: 2.9; 1.2‑7.1
4: 7.8; 3.1‑19.8
5: 16.5; 6.1‑45.1
6: 16.8; 4.4‑64

1: Reference
2: 1.9; 0.9‑3.7
3: 8.9; 4.1‑19.2
4: 23.6; 2.4‑231
5: 4.6; 2.3‑9.1

6: 13.5; 6.2‑29.6

Age
GCSM LP or OC
None
EP
AF
WP
NA
Pupils 2 react
1 react
0 react
Hypotension
Hypoxia
tSAH
EDH
CT 2
1
3 or 4
5 or 6

1.05; 1.03‑1.06
Reference

2.9; 1.2‑6.9
4.3; 1.1‑17.5
0.8; 0.3‑2.5
0.8; 0.3‑2.1
1.6; 0.4‑7.9
Reference

2.1; 0.8‑5.2
11.9; 5.2‑27.3
2.2; 1.1‑4.7
2.1; 0.9‑4.3
1.2; 0.6‑2.3
0.9; 0.4‑2.2
Reference

0.7; 0.1‑3.1
5.3; 1.8‑15.9

4.5; 2.2‑9
Contd...
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Although the AIS‑H as a predictor of outcome has been 
previously studied, no direct comparisons can be made as 
previous reports do not provide indices such as AUC or 
Nagelkerke’s R2. A study compared the predictive ability of 
the head AIS‑H, injury severity scores, and GCS by correlating 
them with the 2 months outcome on the GOS‑Extended scale 

the IMPACT study;[30] (2) changes in prehospital treatment 
over time influence the values of GCS and its predictive 
value as shown in a study comparing patients over a 10‑year 
lag period,[38] and thus, different time of data collection in 
the compared studies could potentially affect the respective 
prognostic characteristics and partly explain the differences.

Table 3: Contd...
Model GCSM GCST AIS‑head R‑CT M‑CT IMPACT extended model

Mortality 6 months post injury (death coded as “1”)
OR; CI 95% None

EP
AF
WP
LP
OC

Reference
0.9; 0.5‑1.5
0.5; 0.3‑0.7
0.3; 0.2‑0.5
0.3; 0.2‑0.6
0.2; 0.1‑0.3

0.82; 0.78‑0.87 3.1; 2.5‑3.7 1: Reference
2: 1.9; 0.8‑4.8
3: 3.1; 1.3‑7.7
4: 9.2; 3.6‑23.4
5: 16.5; 6‑45.1
6: 16.8; 4.4‑64

1: Reference
2: 2; 1.01‑4

3: 8.8; 4.1‑19.1
4: 23.6; 2.4‑231
5: 5.1; 2.5‑10

6: 14.3; 6.5‑31.4

Age
GCSM LP or OC
None
EP
AF
WP
NA
Pupils 2 react
1 react
0 react
Hypotension
Hypoxia
tSAH
EDH
CT 2
1
3 or 4
5 or 6

1.04; 1.03‑1.06
Reference

2.1; 0.9‑4.7
3; 0.8‑11.9
0.6; 0.2‑1.7
0.6; 0.2‑1.6
1.1; 0.2‑5.4
Reference

1.8; 0.7‑4.5
10.7; 4.7‑24.5
2.1; 0.9‑4.6
1.9; 0.9‑4.1
1.4; 0.7‑2.8
0.8; 0.3‑1.8
Reference

0.7; 0.2‑3.3
5.2; 1.8‑15.1
5.5; 2.7‑10.9

Unfavorable outcome 6 months post injury (unfavorable outcome coded as “1”)
OR; CI 95% None

EP
AF
WP
LP
OC

Ref
0.7; 0.4‑1.2
0.5; 0.3‑0.8
0.3; 0.2‑0.5
0.5; 0.3‑0.8
0.2; 0.1‑0.3

0.84; 0.81‑0.88 2.6; 2.1‑3.1 1: Reference
2: 2.6; 1.04‑6.4
3: 4.3; 1.8‑10.6
4: 13.6; 5.3‑35

5: 50.2; 16.2‑156
6: 16.8; 4.5‑64.1

1: Reference
2: 2.1; 1.1‑4

3: 7.3; 3.5‑15.2
4: 17.7; 1.9‑170
5: 6.2; 3.3‑11.6

6: 15.3; 7.1‑32.1

Age
GCSM LP or OC
None
EP
AF
WP
NA
Pupils 2 react
1 react
0 react
Hypotension
Hypoxia
tSAH
EDH
CT 2
1
3 or 4
5 or 6

1.04; 1.03‑1.05
Reference

2.5; 1.2‑5.2
2.2; 0.6‑8.2
1.4; 0.6‑3.6
0.9; 0.4‑2.2
1.6; 0.4‑7
Reference

1.6; 0.3‑6.9
5.2; 2.3‑11.9
2.1; 0.9‑4.3
2.2; 1.1‑4.5
1.3; 0.7‑2.5
0.6; 0.3‑1.2
Reference

0.5; 0.1‑1.6
2.7; 1.05‑7.2
6.6; 3.5‑12.5

GCSM: Glasgow coma scale motor score, GCST: Total GCS, AIS: Abbreviated injury scale, M‑CT: Marshall‑CT classification, 
R‑CT: Rotterdam‑CT score, EP: Extension to pain, AF: Abnormal flexion, WP: Withdraws to pain, LP: Localizes pain, OC: Obeys command, 
tSAH: Traumatic subarachnoid hemorrhage, EDH: Epidural hematoma, OR: Odds ratio, CI: Confidence interval, CT: Computed tomography, 
ICU: Intensive Care Unit, NA: Not available
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in 270 TBI patients and concluded that AIS‑H, injury severity 
scores, and GCS in combination correlated with the outcome 
better than any of the three measures alone.[39] AIS‑H had been 

previously proven to be significantly related to outcome of 
TBI patients in the population from which the patients for this 
study have been drawn.[40]

Table 4: Prognostic value of the analyzed predictors for outcome in patients after traumatic brain injury at different 
stages post injury

GCSM GCSMDIF GCST GCSTDIF AIS‑H AIS‑HDIF R‑CT R‑CTDIF M‑CT M‑CTDIF IMPACT ‑ extended
ICU mortality

AUC 0.66 0.22 0.69 0.19 0.77 0.10 0.69 0.19 0.70 0.18 0.87
Nagelkerke’s R2 0.10 0.39 0.13 0.36 0.27 0.22 0.13 0.36 0.14 0.35 0.49

Hospital mortality
AUC 0.66 0.21 0.69 0.18 0.75 0.12 0.69 0.18 0.70 0.17 0.87
Nagelkerke’s R2 0.11 0.37 0.14 0.35 0.23 0.26 0.15 0.33 0.15 0.34 0.49

6 months mortality
AUC 0.66 0.20 0.69 0.18 0.75 0.11 0.70 0.17 0.70 0.16 0.86
Nagelkerke’s R2 0.11 0.37 0.13 0.35 0.24 0.24 0.16 0.32 0.15 0.33 0.48

6 months unfavorable 
outcome

AUC 0.65 0.19 0.67 0.17 0.73 0.11 0.72 0.12 0.69 0.15 0.84
Nagelkerke’s R2 0.09 0.34 0.11 0.32 0.18 0.25 0.21 0.22 0.15 0.28 0.43

GCSM: Glasgow coma scale motor score, GCST: Total GCS, AIS‑H: Abbreviated injury scale for head and neck regions, M‑CT: Marshall‑CT 
classification, R‑CT: Rotterdam‑CT score; AUC: Area under the receiver operating characteristic curve, DIF denotes the difference in the 
respective measure compared to the measure obtained for the IMPACT extended model as a gold standard (calculated as value for IMPACT 
extended minus value for the respective predictor), IMPACT: International Mission on Prognosis and Analysis of Clinical Trials, CT: Computed 
tomography, ICU: Intensive Care Unit

Figure 2: Comparison of receiver operating characteristics curves of the analyzed prediction models to the gold standard (receiver operating characteristics curve of the IMPACT 
extended model). GCSM: Glasgow coma scale motor score; GCST: Total GCS; AIS‑H: Abbreviated Injury Scale for head and neck; M‑CT: Marshall CT classification, R‑CT: Rotterdam 
CT score; IMP‑E: IMPACT extended model. The thick curve represents the gold standard (receiver operating characteristics of the IMPACT extended model)
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The predictive performance of the R‑CT and M‑CT scores was 
also previously studied. A side‑by‑side comparison of their 
predictive value reported an AUC of 0.85 for both scores,[15] 
somewhat higher than in our study. Another study comparing 
the M‑CT and R‑CT in a side‑by‑side manner found AUCs of 
0.63 and 0.68 for 6 months unfavorable outcome and AUCs of 
0.64 and 0.7 for 6 months mortality; the reported Nagelkerke’s 
R2s were 0.09 and 0.16 for the prediction of 6 months 
unfavorable outcome and 0.09 and 0.15 for the prediction 
of 6 months mortality.[16] The performance indices reported 
in this study are similar to our findings and in favor of their 
comparability speaks the virtually the same line of statistical 
analysis that was followed in both studies (including optimism 
correction).

The IMP‑E study has been created along with other IMPACT 
models in 2008.[8] It has been established as a prognostic 
model of choice by a number of external validation 
studies[12,41,42] (including a study on a population which 
was used for this study),[11] which justifies its use as a gold 
standard in this paper.

Our question in this study was whether simple, readily 
available, and routinely used injury severity scores can 
be used for valid prognosis of outcome in TBI patients, 
when compared between each other and when compared to 
multivariable prognostic models. Our findings suggest that the 
performance of multivariable prognostic models is far superior 
to simpler scores used in a univariable manner. This limits the 
potential use of these simple scores as primary, standalone 
prognostic tools in clinical or research settings. However, they 
still pose good prognostic characteristics and could be used 
for initial or preliminary prognosis. Their relative simplicity 
provides a strong leverage over multivariable models, where 
usually a large set of predictors must be available to estimate 
the prognosis.

There are limitations of this study that we acknowledge. The 
data used for the analyses come from two studies that were 
conducted a few years apart from each other. However, both 
studies used compatible databases, which ensured that all 
variables used in this paper were uniformly defined in both 
studies. Furthermore, rigorous data quality control (paper 
records were checked in detail against electronic records) was 
in place to ensure the validity of the data.

Conclusions
Based on our analyses, all tested simple scores (GCS, GCSM, 
AIS‑H, M‑CT, and R‑CT) can provide reasonably valid 
prognosis. However, it is confirmed that well‑developed 
multivariable prognostic models outperform these scores 
significantly and therefore should be used for prognosis in 
patients after TBI wherever possible.
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