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BACKGROUND AND OBJECTIVE: The Marshall computed tomographic (CT) classi-
fication identifies six groups of patients with traumatic brain injury (TBI), based on
morphological abnormalities on the CT scan. This classification is increasingly used as
a predictor of outcome. We aimed to examine the predictive value of the Marshall CT
classification in comparison with alternative CT models.
METHODS: The predictive value was investigated in the Tirilazad trials (n � 2269).
Alternative models were developed with logistic regression analysis and recursive
partitioning. Six month mortality was used as outcome measure. Internal validity was
assessed with bootstrapping techniques and expressed as the area under the receiver
operating curve (AUC).
RESULTS: The Marshall CT classification indicated reasonable discrimination (AUC �
0.67), which could be improved by rearranging the underlying individual CT charac-
teristics (AUC � 0.71). Performance could be further increased by adding intraven-
tricular and traumatic subarachnoid hemorrhage and by a more detailed differentiation
of mass lesions and basal cisterns (AUC � 0.77). Models developed with logistic
regression analysis and recursive partitioning showed similar performance. For clinical
application we propose a simple CT score, which permits a more clear differentiation
of prognostic risk, particularly in patients with mass lesions.
CONCLUSION: It is preferable to use combinations of individual CT predictors rather
than the Marshall CT classification for prognostic purposes in TBI. Such models should
include at least the following parameters: status of basal cisterns, shift, traumatic subarach-
noid or intraventricular hemorrhage, and presence of different types of mass lesions.

KEY WORDS: Computed tomography, Computed tomography classification, Outcome, Prognosis, Statistical
models, Traumatic brain injury
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Classification of traumatic brain injury
(TBI) is necessary to accurately de-
scribe patient series and requires

grouping of patients according to specific
characteristics. In clinical practice, the clinical
severity of TBI is generally classified as severe,
moderate or mild according to the level of
consciousness as measured with the Glasgow
Coma Scale (GCS). The increased use of early
sedation, intubation and ventilation in more
severe patients has decreased the value of the
full GCS for purposes of classification (1, 4,

25). Alternatively, in more severe patients, TBI
can be classified according to morphological
criteria based on computed tomographic (CT)
or magnetic resonance imaging (MRI) investi-
gations. Although MRI may be more sensitive
for detecting small white matter lesions in a
later phase after TBI (9, 32), CT examination
remains the investigation of choice in the
acute phase.

Conventional classification of TBI with CT
findings differentiates between focal and dif-
fuse injuries (10, 22). In 1991 Marshall et al.
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(24), after analysis of the Traumatic Coma Data Bank, pro-
posed a CT classification for grouping patients with TBI ac-
cording to multiple CT characteristics. This CT classification
identifies six different groups of patients with TBI, based on
the type and severity of several abnormalities on the CT scan.
It differentiates between patients with and without mass le-
sions and permits a further discrimination of patients with
diffuse injuries into four categories, taking into account signs
of raised intracranial pressure (ICP; i.e., compressed or absent
basal cisterns, midline shift). Since its introduction, this CT
classification has become widely accepted for descriptive pur-
poses, and is also increasingly being used as major predictor of
outcome in TBI. Various studies have confirmed the predictive
value of the CT classification (17, 21, 28), and the international
guidelines on prognosis include the CT classification as a
major CT predictor based on Class I evidence (5). Whether the
Marshall CT classification is best suited for prediction or
whether other combinations of CT parameters may be more
appropriate for this specific purpose has not been investigated
in detail.

The aim of the present study was to examine the prognostic
performance of the Marshall CT classification in comparison
with other combinations of CT predictors in TBI, by reevalu-
ating and refining the CT characteristics used to determine
this classification and by including additional CT parameters.

PATIENTS AND METHODS

The Marshall CT Classification

The Marshall CT classification is presented in Table 1. Dis-
criminating features in this classification are 1) presence or
absence of mass lesions, 2) presence or absence of intracranial
abnormalities, 3) CT signs of raised intracranial pressure (sta-
tus of basal cisterns, shift), and 4) planned evacuation of mass
lesions.

To facilitate comparison with alternative classifications, we
translated the Marshall CT classification into a binary tree (Fig. 1).

Patients

Our studies were conducted on the combined data sets of
the International and North American Tirilazad trials (n �

2269). Details on the Tirilazad trials have been reported else-
where (16, 23). Inclusion and exclusion criteria of the two trials
were similar. Both trials included patients between 15 and 65
years of age with severe (GCS, 3–8) or moderate (GCS, 9–12)
closed TBI. With respect to the CT characteristics the inclusion
criteria varied slightly: the international study excluded mod-
erate TBI patients with a normal CT scan, whereas the North
American study excluded such patients only when the blood
alcohol level exceeded 0.2 g/dl. Protocols and recommenda-
tions for management were comparable for both trials.

In both trials, the efficacy of Tirilazad mesylate, an amino-
steroid that displays an antioxidant effect, was studied against
that of placebo. We combined data from placebo and treat-
ment groups, since in neither trial was a significant difference
between the Tirilazad and the placebo treated group shown
for the primary outcome measure, i.e., mortality and unfavor-
able outcome on the GOS.

Definitions of CT Characteristics and Outcome

We based our studies on data recorded for admission CT
scans performed within the first 4 hours after injury. Full data
on CT characteristics on admission were available in 2249
patients. CT data were extracted on the following items:

TABLE 1. Marshall computed tomographic classificationa

Category Definition

Diffuse injury I (no visible pathology) No visible intracranial pathology seen on CT scan
Diffuse injury II Cisterns are present with midline shift of 0–5 mm and/or lesions densities present; no high or

mixed density lesion �25 cm3 may include bone fragments and foreign bodies
Diffuse injury III (swelling) Cisterns compressed or absent with midline shift of 0–5mm; no high or mixed density lesion

�25 mm
Diffuse injury IV (shift) Midline shift �5 mm; no high or mixed density lesion �25 cm3

Evacuated mass lesion Any lesion surgically evacuated
Non-evacuated mass lesion High or mixed density lesion �25 cm3; not surgically evacuated

aCT, computed tomographic.

FIGURE 1. Marshall CT classification presented in a tree structure.
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• CT classification
• presence of abnormalities
• presence and size of midline shift
• status of basal cisterns
• presence of intraventricular blood (IVH)
• presence of traumatic subarachnoid hemorrhage (tSAH)
• presence and type of mass lesions and expected evacuation

of mass lesion
• single versus multiple non-mass lesions

The characteristics �any abnormalities,� �intraventricular
blood,� �tSAH,� and expected evacuation of mass lesions were
available in the data sets as binary data and scored as present
or absent, without further differentiation. The other CT char-
acteristics were classified into several categories with increas-
ing differentiation: midline shift was classified in two ways: 1)
shift � 5 mm versus shift � 5 mm and 2) no shift, shift of 1 to
5 mm, shift of 6 to 10 mm, or shift � 10 mm. The status of basal
cisterns was categorized in two ways: 1) normal versus abnor-
mal (compressed and absent), and 2) normal, compressed,
absent. Presence and type of mass lesions were categorized in
3 ways: 1) mass lesion present versus absent; 2) absent mass
lesion, epidural mass lesion, intradural (intracerebral plus
subdural) mass lesion; and 3) absent mass lesion, epidural
mass lesion (EDH), subdural mass lesion (SDH), intracerebral
mass lesion.

For several patients, the values of some of the predictors
were missing (4.8% of the required values). These values were
statistically estimated with regression models including the
other predictors and subsequently imputed (14, 20). This ap-
proach is considered preferable to complete case analysis, in
which patients with missing values are excluded from analysis
(14). The outcome measure was mortality at 6 months postin-
jury.

Statistical Analysis and Performance of Models

To test whether the arrangements of the CT characteristics
within the Marshall CT classification was reasonable for pre-
dictive purposes, we developed alternative models with the
same variables. Subsequently, we investigated whether per-
formance could be improved by adding CT characteristics or
by separating already included characteristics into smaller
categories. Each model was developed with two methods:
recursive partitioning (CART) and logistic regression analysis.

We chose these two approaches for different reasons: logis-
tic regression analysis is a standard statistical procedure, in
which the relative importance of predictors is considered.
Results are generally robust. On the other hand, recursive
partitioning (2) has a greater clinical appeal because prediction
trees are created, which are visually attractive. This approach,
however, carries some risk of overfitting, especially in more
complex trees. To correct for this, the trees were pruned using
cross-validation. Modeling was performed with SAS software
(version 6.12; SAS Institute, Inc., Cary, NC) and S-plus (ver-
sion 2000; Insightful Corp., Seattle, WA), using the RPART
library (http://www.stats.ox.ac.uk/pub/SWin).

Internal validity of the original CT classification and alter-
native models was assessed with bootstrapping procedures.
Internal validity assesses whether the models perform well for
a population of patients similar to those for whom the model
was developed. Bootstrapping involved taking samples 100
times with replacement from the development sample. Each
sample can be considered as repeating the data collection with
the same number of patients and under identical circum-
stances as the original. In each of the 100 bootstrap samples a
regression model was estimated, and evaluated on the original
sample to estimate statistical optimism (7, 13, 14, 15). This
validation approach leads to better predictions of outcome for
patients similar to the development population (13, 14, 30).

Performance of the models was assessed with respect to
discrimination, which can be quantified by the area under the
receiver operating curve (AUC). For a randomly chosen pair
of patients, the AUC represents the probability that a patient
who dies has a higher predictive probability for mortality. The
higher the AUC, the better the model discriminates. A model
with an AUC of 0.50 has no discriminative power, while a
model with an AUC of 1.0 reflects perfect discrimination.

Application in Clinical Practice

Presentation of a classification according to a prediction tree
is readily understandable for a clinical audience. Interpreta-
tion of a logistic regression model is more complicated. To
facilitate application of these models we created a score chart
to estimate the outcome probability based on the values of the
regression coefficient, which were re-scaled and rounded to
whole numbers.

RESULTS

Individual CT Characteristics and Outcome

The distribution of CT characteristics and outcome is pre-
sented in Table 2. Mortality was lower in North American
patients (19%) than in international patients (24%), partly re-
flecting a different distribution of severe versus moderate
patients included in both trials. More than 90% of the patients
had abnormalities on the admission CT scan: 84% showed
evidence of parenchymal or extracerebral lesions, 45% had
abnormal basal cisterns, 53% tSAH and 21% had intraventric-
ular blood. Mass lesions were present in 39% of the popula-
tion, and of these 80% had an associated intracerebral lesion.
74% of all mass lesions were evacuated and of these 84% were
evacuated within 4 hours of injury.

Midline shift, basal cisterns, intraventricular blood, and
traumatic SAH were identified as significant predictors of
mortality (Table 3). In the multivariable analysis, the full dif-
ferentiation of lesions was not clearly associated with differ-
ences in mortality, but the differentiation between epidural
and intradural lesions was highly relevant (Table 3 and 4).

COMPUTED TOMOGRAPHIC CLASSIFICATION IN TRAUMATIC BRAIN INJURY
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TABLE 2. Distribution of computed tomographic parameters and mortality in the international and North American samplesa

CT parameters
Total (n � 2249) International sample (n � 1112) North American sample (n � 1137)

No. (%) No. (%) No. (%)

Abnormalities
No 173 (8) 52 (5) 121 (11)
Yes 2076 (92) 1060 (95) 1016 (89)
Missing 0 0 0

Traumatic SAH
No 1030 (47) 519 (48) 511 (46)
Yes 1171 (53) 573 (52) 604 (54)
Missing 42 20 22

Intraventricular blood
No 1746 (79) 863 (79) 883 (79)
Yes 473 (21) 235 (21) 238 (21)
Missing 30 14 16

Basal cisterns
Normal 1194 (54) 576 (52) 618 (56)
Compressed 709 (32) 375 (34) 334 (30)
Absent 296 (13) 143 (13) 153 (14)
Missing 50 18 32

Midline shift
None 1426 (64) 654 (59) 772 (70)
1–5 mm 362 (16) 208 (19) 154 (14)
6–10 mm 233 (11) 121 (11) 112 (10)
� 10 mm 190 (9) 118 (11) 72 (6.5)
Missing 38 11 27

Lesion
No 360 (16) 117 (11) 243 (22)
Yes 1872 (84) 995 (89) 877 (78)

One, not mass 691 (37) 429 (29) 262 (30)
Multiple, not mass 585 (31) 329 (33) 256 (29)
Mass lesion 729 (39) 370 (37) 359 (41)

Epiduralb 204 (28) 129 (35) 75 (21)
Subduralb 418 (57) 205 (55) 213 (59)
Intracerebralb 584 (80) 277 (75) 307 (86)

Missing 21 4 17
CT classification

I 173 (8) 52 (5) 121 (11)
II 833 (37) 425 (38) 408 (36)
III 426 (19) 219 (20) 207 (18)
IV 88 (4) 46 (4) 42 (4)
V 539 (24) 289 (26) 250 (22)
VI 190 (8) 81 (7) 109 (10)
Missing 0 0 0

Outcome
Mortality

Yes 491 (22) 270 (24) 221 (19)
No 1758 (78) 842 (76) 916 (81)
Missing 0 0 0

a CT, computed tomographic.
b More than one type of mass lesion on the CT scan was possible.
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Prognostic value of CT classification versus alternative
groupings of individual components

Figure 2 presents the classification of our patient population
according to the Marshall CT classification in a prediction tree
format with mortality figures per class. The percentage mor-
tality in patients with no abnormalities (CT Class 1) and in
patients with diffuse injuries without radiological signs of
raised ICP (CT Class 2) was low (6.4 and 11% resp.).

The highest mortality rate, 44%, was observed in patients
with absent or compressed basal cisterns and a midline shift
larger than 5 mm (CT Class 4). Mortality rates for patients
with mass lesions were 30% for those with evacuated mass
lesions and 34% for those with non evacuated mass lesions.
Analysis of the discriminatory properties of the Marshall CT
classification showed an AUC of 0.669.

Figure 3 presents a prediction tree constructed with recur-
sive partitioning, using the same characteristics and the same
number of terminal nodes as used in the Marshall CT classi-
fication. We found that a primary division according to status
of the basal cisterns yields the strongest discrimination. Sub-

sequently for patients with present basal cisterns a split on
abnormalities and for patients with absent or compressed
basal cisterns a split on shift greater than 5 mm caused the
maximum reduction in heterogeneity. Discriminatory analysis
showed an AUC 0.705, considerably higher than found for the
original CT classification.

Alternative models with additional variables

We investigated whether models could be developed with
better discriminative properties by adding additional CT pre-
dictors not originally included in the Marshall CT classifica-
tion or by further separation of already included CT charac-
teristics.

The added benefit of additional parameters was assessed
versus the basic model presented in Figure 3. Results are
summarized in Table 4. The discriminative ability could be
improved considerably by adding tSAH and intraventricular
blood, and by further differentiating the basal cisterns, mid-
line shift and mass lesions into several categories. Dropping
the characteristic �any abnormalities� had negligible influence
on the AUC. No statistically significant interactions were ob-
served between the selected characteristics (P � 0.42).

The results of this multivariable analysis showed the poten-
tial for developing an alternative model with added charac-
teristics. Including all discriminating variables in a logistic
regression model yielded an AUC of 0.769, and of 0.794 in the
prediction tree. Such a model is, however, complex and re-
sulted in 15 terminal nodes in the prediction tree. Searching
for an appropriate compromise between good discrimination
and easy clinical applicability we chose a more simple model
based on the following characteristics: midline shift (subdi-
vided into 0–5 mm, � 5 mm), basal cisterns (subdivided into
absent, compressed and present), mass lesion (subdivided into
epidural and intradural), traumatic subarachnoid hemorrhage
and/or intraventricular blood. The apparent validity of this
model was 0.750 and on internal validation we obtained an
AUC of 0.748.

Clinical application

For clinical application, we translated the logistic regression
model into a score chart, with which the probability for mor-
tality according to the CT characteristics can be estimated by
adding the scores for individual patients (Table 5). We chose to
add plus 1 to the sum score to make the grading numerically
consistent with the grading of the motor score of the GCS and
with the Marshall CT classification. Table 6 shows the appli-
cation of this score chart for classifying the study population
according to prognostic risk. The difference in observed mor-
tality rates between patients from the lowest and patients from
the highest risk group is 61%, which is considerably larger
than the maximal difference in mortality in the Marshall CT
classification (38%, Fig. 2), Table 7 illustrates the better discrim-
ination for prognostic risk assessment of the CT prediction
score in comparison to the Marshall CT classification, partic-
ularly in patients with mass lesions.

TABLE 3. Multivariable analysis of computed tomographic
characteristics, pooled Tirilazad patientsa

Characteristics Mortality (%) OR (95% CI)b

Abnormalities 6.4 Reference
No 23 1.0 (0.5–2.0)
Yes

Shift
No shift 17 Reference
0–5 mm 26 1.4 (1.0 – 1.9)
6–10 mm 36 1.6 (1.1–2.4)
� 10 mm 49 2.0 (1.3–3.1)

Basal cisterns
Normal 15 Reference
Compressed 27 2.0 (1.5–2.7)
Absent 55 5.7 (4.0–8.0)

Intraventricular blood
No 19 Reference
Yes 31 2.0 (1.5–2.6)

tSAH
No 12 Reference
Yes 30 2.0 (1.5–2.5)

Lesions
No 12 Reference
Single non-mass 15 0.9 (0.6–1.4)
Multiple non-mass 23 1.3 (0.9–1.9)
Epidural mass 17 0.5 (0.4–0.9)
Subdural mass 40 1.4 (0.9–2.1)
Intracerebral mass 35 1.1 (0.7–1.7)

a OR, odds ratio; CI, confidence interval; tSAH, traumatic subarachnoid
hemorrhage.
b Missing values were entered.

COMPUTED TOMOGRAPHIC CLASSIFICATION IN TRAUMATIC BRAIN INJURY
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DISCUSSION

We confirmed the predictive value of the Marshall CT classi-
fication in a large series of patients (n � 2249), but showed that
a better discrimination can be obtained by making fuller use of
the individual CT characteristics underlying the Marshall CT
classification. Discrimination could be further improved by add-
ing intraventricular and traumatic subarachnoid hemorrhage
and by a more detailed differentiation of mass lesions and basal

cisterns (AUC, 0.77). We do
not wish to detract from the
general validity and appeal of
the Marshall CT classification
when used for descriptive
purposes. This classification
however was not developed
from the perspective of prog-
nosis, and the question
whether the categorization of
variables in the Marshall CT
classification is appropriate for
predictive purpose is relevant.
For instance, in the Marshall
CT classification, radiological
signs of raised ICP (status of
basal cisterns and presence of
shift) are only used for further
differentiation of patients with
diffuse injuries while these pa-
rameters may also be expected
to be of prognostic value par-
ticularly in patients with mass
lesions. Indeed, Table 7 shows
a better prognostic discrimina-
tion of the proposed prognos-
tic CT score over the Marshall
CT classification, particularly
in patients with mass lesions.

The presence of tSAH has been shown to be a strong predictor
both for outcome and mortality in TBI (8, 11, 12, 18, 26, 27, 29) but
is not included in the Marshall CT classification. The predictive
value of tSAH in TBI is confirmed in our study and we have
additionally shown that including this parameter in a predictive
model significantly increases discrimination; we also found IVH
to be an independent predictor, in contrast to other studies in
which the relation of IVH to poorer outcome was mainly caused
by the association with other predictors (6, 8, 19). Further, the
Marshall CT classification does not permit any distinction on
type of mass lesion. Many studies have shown that prognosis in
patients with an EDH is much better than in those with a sub-

TABLE 4. Added discriminative value of extra computed tomographic characteristics and further
differentiation of computed tomographic characteristicsa

Models

Discrimination (AUC)

Logistic
regression

Recursive
partitioning

Basic modelb 0.703 0.705
Added CT characteristic

Evacuation mass lesion 0.714 0.712
Dropped CT characteristics

Any abnormalities 0.703 0.701
Added CT characteristics

Non-mass lesions (single or multiple) 0.714 0.712
Blood (tSAH and/or intraventricular blood) 0.730 0.737

Separation of already included CT characteristics
Mass as epidural versus intradural 0.720 0.719
Mass as epidural versus subdural versus intracerebral 0.722 0.721
Cisterns (normal, compressed, absent) 0.726 0.727
Shift (no, 1–5 mm, 6–10 mm, � 10 mm) 0.710 0.716

Allc 0.769 0.794

a AUC, area under the operating curve; CT, computed tomographic; tSAH, traumatic subarachnoid hemorrhage.
b The basic model contains all characteristics included in the Marshall classification, except evacuation mass lesion.
c Basic model plus single non-mass lesions, multiple non-mass lesions, mass as epidural versus subdural versus
intracerebral, cisterns as normal versus compressed versus absent, shift as 1–5 mm versus 6–10 mm versus � 10 mm,
blood as tSAH versus intraventricular blood.

FIGURE 2. Mortality related to Marshall CT classification.

FIGURE 3. CT prediction tree constructed with recursive partitioning,
using the same characteristics and the same number of terminal nodes as
used in the Marshall CT classification.
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dural or intracerebral hematoma (5, 10). Bricolo et al. (3) postu-
lated that mortality should approach zero in patients with an
uncomplicated EDH. As shown in Table 6, we found zero mor-
tality in such patients (mass lesion with a prognostic score of 1).
A further problem with the original CT classification is that it
differentiates between patients with evacuated versus non evac-
uated mass lesions. Many have argued that this reflects a clinical
decision and does not in itself constitute a CT parameter, and in
clinical practice this has led to confusion and it has been pro-
posed not to include this differentiation (28). Nevertheless, we do
note a 4% difference in mortality between patients with evacu-
ated versus non evacuated mass lesions. Further in depth ad-
justed analysis, however, will be required to determine whether
the baseline characteristics of these two groups were similar or
not.

Previous studies have shown that the Marshall CT classifi-
cation is a strong predictor in TBI (5, 17, 21, 28) with high inter-
and intraobserver reliability (33). Wardlaw et al. (34), how-
ever, found in a retrospective analysis of 425 patients of vary-
ing severity that the Marshall CT classification did not remain
a significant independent outcome predictor on multivariate
analysis when clinical features were included, in contrast to
tSAH and a newly suggested, ill defined variable describing
�overall appearance.� For the present study we did not include
clinical characteristics in our models, but in a previous study
describing a prediction model for TBI, we found that both the
Marshall CT classification and tSAH remained as statistically
significant predictors in multivariate analysis, following ad-
justment for clinical variables (17).

Consistent with other prediction studies in TBI (31), we
found that performance of the models was more dependent on
the variables included than on the statistical approach. We
found no clear statistical benefit in the use of a prediction tree
compared to logistic regression models. We considered the
use of a prediction tree in the current analysis appropriate as
the Marshall CT classification can be readily presented as a
prediction tree, which may be appealing for the clinician.
Furthermore, a tree can capture and correct easily for interac-
tion, i.e., different relations between predictors in different
subgroups. Interaction, if present, is detected by a better dis-
criminative ability of the tree as compared to a logistic model.
We did not observe such differences in our studies. The clin-
ical appeal of a prediction tree method is, however, also de-
pendent on the number of terminal nodes. The limited number
of nodes (n � 6) in the Marshall CT classification and in the
basic model make this type of presentation appropriate. When
additional variables were added to our model we found an
optimal number of 15 terminal nodes which significantly de-
creases the clinical appeal. For this reason we would prefer the
logistic regression model because discriminative properties
are similar. We realize that a logistic regression model may
have less clinical appeal and therefore suggest translating it
into a score chart as proposed in Table 6. Although this score
chart performed well in our study population, assessment of

TABLE 5. Prognostic score chart for the probability of
mortality in patients with severe or moderate traumatic brain
injury according to their computed tomographic
characteristicsa

Predictor value Score

Basal cisterns
Normal 0
Compressed 1
Absent 2

Midline shift
No shift or shift � 5 mm 0
Shift � 5 mm 1

Epidural mass lesion
Present 0
Absent 1

Intraventricular blood or tSAH
Absent 0
Present 1

Sum scoreb �1

a SAH, traumatic subarachnoid hemorrhage.
b The sum score can be used to obtain the predicted probability of mortality
from the formulae below. We chose to add plus 1 to make the grading
numerically consistent with the grading of the motor score of the GCS and with
the Marshall CT classification. The corresponding probabilities are calculated
with the formula: Probability (mortality) � 1/[1� e –(-2.60� 0.80 *Sumscore)]

TABLE 6. Computed tomographic classification by
prediction score

Score No. of patients Actual mortality no. (%)

1 36 0 (0)
2 600 41 (6.8)
3 773 122 (16)
4 465 121 (26)
5 261 138 (53)
6 114 69 (61)

TABLE 7. Marshall computed tomographic classification
versus Rotterdam computed tomographic scorea

Rotterdam CT Score
Marshall CT classification

Total
1 2 3 4 5 6

1 0 0 0 0 35 1 36
2 173 336 0 0 65 26 600
3 0 492 107 5 95 74 773
4 0 5 249 19 136 56 465
5 0 0 70 37 134 20 261
6 0 0 0 27 74 13 114

Total 173 833 426 88 539 190 2249

a CT, computed tomographic.
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its general applicability will require validation in other data
sets.

A number of limitations of our study should be recognized.
First, our studies were performed on a large patient series
including only patients with severe and moderate injury. Re-
sults cannot, therefore, be extrapolated towards patients with
mild injuries. Secondly, we focused our studies on analysis of
data from the initial CT examination performed within 4
hours after injury. Other studies (21, 28) have shown that the
�worst� CT scan obtained during the clinical course has greater
predictive value. Also within the current data set we found
that the final CT classification, based on the worst CT follow-
ing admission, yielded better discrimination (AUC, 0.692 for
Marshall CT classification and 0.716 for basic model). How-
ever, the intent of our studies was to investigate the use of the
CT classification and CT predictors toward a prognostic clas-
sification of TBI on admission. Such classification is consid-
ered useful to establish the baseline characteristics and prog-
nostic risk of TBI patients on admission. Third, the predictive
analysis presented was conducted versus 6 months mortality.
For these studies we chose mortality rather than the GOS
dichotomized into unfavorable versus favorable as this con-
stitutes a hard and objective endpoint without any missing
outcome data. As a sensitivity analysis we additionally calcu-
lated the discriminative properties of the Marshall CT classi-
fication, the basic model in which the individual parameters of
the CT classification were rearranged and the extended model
versus unfavorable outcome and found similar results.

In summary, we conclude that the Marshall CT classifica-
tion has strong predictive power, but greater discrimination
can be obtained if the individual CT parameters underlying
the CT classification are included in a prognostic model. Con-
sequently, for prognostic purposes, we recommend the use of
individual characteristics rather than the CT classification.
Performance of CT models for predicting outcome in TBI can
be significantly improved by including more details of vari-
ables and by adding other variables to the model. We suggest
that such models should include the following characteristics:
status of basal cisterns, shift, tSAH and/or IVH and presence
of mass lesions with differentiation between EDH versus in-
tradural lesions. For more easy clinical application, models
can be translated into a score chart.
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Maas et al. have conducted a very thorough analysis of the corre-
lation of specific computed tomographic (CT) characteristics

with 6-month mortality in a population of patients with severe and
moderate traumatic brain injury (TBI). As one might expect, they
found that making greater use of individual CT characteristics al-
lowed them to improve on the already sizeable predictive value of the
original Marshall CT classification scheme, which assessed CT scans
by placing them into specific categories. Unlike the authors of many
such predictive schemes, Maas et al. went to great lengths to create a
simple scoring chart to facilitate the use of their system. The discus-
sion is especially frank in its acknowledgment of the limitations of this
work. However, a word of caution is in order concerning the appli-
cation of these results. Information such as that provided by this
model is quite useful in helping to form a general idea about a
patient’s prognosis, but it is only one item of data in the overall
assessment of a patient’s clinical condition, underlying health status,
rate of progression of disease, and numerous other factors that must
be considered when a patient’s overall “prognosis” is assessed.

Alex B. Valadka
Houston, Texas

In this important publication, the authors have improved upon the
Marshall classification of CT scan in TBI. They have rearranged the

underlying individual CT scan characteristics and included new char-
acteristics, namely traumatic subarachnoid and intraventricular hem-
orrhage. They have subsequently applied this new “Marshall/Maas
Classification” to a large population of head injured patients taken
from the previous Tirilazad trial (2269 patients)(1, 2). Using statistical
modeling techniques, the authors have shown that this new classifi-
cation is a powerful predictor of outcome in TBI.

Thus, in contrast with many other disease states, severe brain injury
outcomes can be accurately predicted using four variables. These
variables are age, Glasgow Coma Scale on admission (especially mo-
tor score), CT characteristics, and presence of ischemic and hemody-
namic secondary insults. Using these four predictors, numerous pa-
pers have used statistical modeling techniques to predict up to 80% or
more of the outcome accuracy. It remains to be seen whether this new
modification of the CT characteristics will boost this predictive accu-
racy even higher. Clearly, the algorithms presented in this important
article need to be applied both prospectively and retrospectively to
other large patient cohorts to find this out.

The most important implication of this study, however, is that it is
possible to test outcome in head injury against the individual predic-
tors for each individual patient. In the classical design of head injury
trials, randomization and adequate power have been used as the two
tools to allow for a treatment effect to be detected between placebo
and treatment groups.

If each patient’s outcome could be measured against their predicted
outcome, however, this suggests that much smaller numbers of pa-
tients could be used in trials, and also that it would not be necessary
to stratify for severity as has been done in most previous trials. This,
in turn, opens up the possibility that head injury trials could be
performed more rapidly and more cost-effectively. Only by the de-
velopment of surrogate markers such as the CD-4 count, and the viral
load has it been possible for the acquired immunodeficiency
syndrome/human immunodeficiency virus research community to
develop the wide spectrum of therapeutic agents available for that
disease. This article constitutes significant progress along the road of
better trial design in head injury for the future.

M Ross Bullock
Richmond, Virginia

1. Hukkelhoven CWP, Steyerberg EW, Farace E, Habbema JD, Marshall LF,
Maas AI: Regional differences in patient characteristics, case management,
and outcomes in traumatic brain injury: experience from the Tirilazad trials.
J Neurosurg 97:549–557, 2002.

2. Marshall LF, Maas AI, Marshall SB, Bricolo A, Fearnside M, Iannotti F,
Klauber MP, Langarrigue J, Lobato R, Persson L, Pickard JD, Plek J, Servadei
F, Wellis GN, Morris GF, Means ED, Musch B: A multicenter trial on the
efficacy of using tirilazad mesylate in cases of head injury. J Neurosurg
89:519–525, 1998.

The ability to predict outcome early after a severe TBI enables
treating physicians to appropriately advise family members re-

garding expected duration of treatment, likely short- and long-term
outcomes, future needs for rehabilitation, and other clinical, social and
financial issues that require extensive planning. Early outcome pre-
diction also helps clinicians and hospitals anticipate and plan for the
future medical needs of the patient. For more than a decade, the
Marshall CT classification scheme has been an important adjunct to
the initial clinical assessment in providing the most accurate early
outcome prediction possible. But, those of us who have used this CT
classification have had concerns that it did not account for CT findings
that seemed to be prognostically important. Maas et al. have focused
on those shortcomings using a sophisticated series of statistical anal-
yses applied to a very large database. In so doing, they confirmed that
distinguishing between epidural and subdural hematomas, and in-
cluding traumatic subarachnoid hemorrhage and intraventricular
hemorrhage as additional predictive variables, significantly improves
the prognostic value of the initial CT scans as compared with the
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Marshall Classification. They developed a scoring system that seems
to be more closely associated with outcomes than the Marshall scheme
when applied to the more than 2000 patients in the Tirilazad database.
Although it remains impossible to predict outcomes with complete
accuracy, the new classification system developed by these authors is
a welcome improvement to the Marshall system and will significantly
improve our prognostic abilities.

Donald W. Marion
Boston, Massachusetts

In this clinical study, the authors evaluate the predictive value of the
Marshall CT classification scheme in patients with moderate-to-

severe TBI with 6-month mortality as an outcome measure and com-
pare it with that of several alternative CT models developed by
rearrangement of various CT characteristics. The article highlights the
significance of radiological examination in the assessment of patients
with severe head injuries in whom the Glasgow Coma Scale score has
become less applicable for TBI grading as a result of the increasingly
frequent use of early intubation, sedation, and mechanical ventilation
in the treatment of this patient population. It also points out the fact
that, although the Marshall CT classification has been widely accepted
as an accurate descriptor and predictor (in multiple studies) of prog-
nosis in TBI, no one has investigated the possibility that other com-
binations of CT parameters may, in fact, be better suited for the
purpose of prognostication, which is what the authors aim to accom-
plish in this study. Using a database of the combined Tirilazad trials,
they show that the inclusion of various characteristics, such as the
presence or absence of subarachnoid and intraventricular hemor-
rhage, the quality of the basal cisterns and the location of mass lesions,
in a novel classification scheme results in a statistically significant
increase in the discriminatory capabilities of an outcome predictor
model. By translating this complex logistic regression model into a
score chart similar to the motor score of the Glasgow Coma Scale, they
attempt to create a more practical clinical classification scheme and
demonstrate its superiority to the Marshall model in a “head to head”
comparison.

We found several areas of concern in this article, a number of which
the authors recognize themselves, including the following: The data-
base excludes patients with mild TBI, a significant subset of individ-
uals for whom this classification would not be applicable. The em-
phasis on the importance of basal cisterns and midline shift in the
model requires some consistency in the accuracy with which these CT
scans are read and interpreted. Is there any difference in the predictive
value when films are evaluated by physicians with dissimilar levels of

experience, i.e., neuroradiology attendings versus radiology residents
versus neurosurgical residents? Also, the study uses the “initial CT
examination performed within 4 hours after injury.” As the authors
mention, it has been shown elsewhere that the worst CT scan obtained
during the clinical course has greater predictive value. It would be
interesting to see if the results change when this criterion is used and
if the 4-hour cutoff really has any merit in the overall TBI population.
To make their model more clinically relevant, the authors convert the
values of the regression coefficient to a simple six-point score estimat-
ing outcome probability (rescaled and rounded to whole numbers). In
doing this, they likely sacrifice some accuracy and would have to
answer the question of whether or not this score applies to TBI
patients in general; it is absolutely necessary to evaluate the validity of
this scale in a prospective fashion. We also agree with the decision to
exclude clinical features in these models, as the aim here is to develop
a classification scheme based solely on the features of the CT exami-
nation.

Jason H. Huang
Nathan Ranalli
Eric L. Zager
Philadelphia, Pennsylvania

The Marshall CT classification has served a very useful purpose as
a predictor of head injury severity and outcome and has been

widely embraced since its introduction in 1990. However, it is impor-
tant to bear in mind that it was devised from data collected between
1984 and 1987 through the Traumatic Coma Data Bank, and is based
on a total of 753 patients.

Nevertheless, until this contribution by Maas et al., there has not
been a concerted effort to revisit or revise this classification to achieve
greater reliability and sensitivity. This novel modeling methodology is
based on more than 2000 scans and seems to have accomplished these
goals.

Only two concerns are expressed over this important contribution.
First, the scan abnormalities are heavily weighted to mass lesions
(84%), with 74% of these undergoing evacuative surgery. This would
appear somewhat skewed given the current spectrum of what is
presently being seen in trauma centers in the US and may uninten-
tionally bias the modeling. Second, the authors’ findings need to be
corroborated on another large head injury database or through pro-
spective investigations

Jack E. Wilberger
Pittsburgh, Pennsylvania
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