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To determine the prognostic significance of computed tomographic (CT) findings in 
head injury, retrospective analysis was performed in 128 randomly selected severe 
head-injury patients managed with a standardized protocol. The minimal criterion for 
entry into this study was that the patients were unable to obey simple commands or 
uHer formed words. Serial CT was performed on admission and 3-5 days, 2 weeks, 3 
months, and 1 year after injury. A scale of severity of abnormalities was devised taking 
into account the size of the traumatic lesions on CT. The CT findings using the proposed 
scale were correlated with the clinical outcome and analyzed using linear logistic 
regression. Other characteristics such as midline shift, multiplicity, and corpus callosum 
and brainstem lesions were not included in the analysis either because they did not 
affect the prognosis or because too few of these lesions were present for statistical 
analysis. The correct prediction rate of outcome using the proposed scale for CT findings 
alone was found to be 69.7%. When CT findings were combined with the Glasgow Coma 
Scale score this rate was increased to 75.8%. 

Much interest has been focused on the prediction of outcome after head injury 
[1-11] . Narayan et al. [12] have shown that although the clinically assessed 
neurologic status of the patient and other indicants such as age are important in 
determining outcome, the predictive power is increased when information from 
multimodality evoked potentials , intracranial pressure monitoring, and computed 
tomographic (CT) scans is used. CT was shown to have predicted efficacy in a 
general sense, but all the available data from CT were not considered in that 
evaluation. In most cases, the presence or absence of a lesion on CT, but not its 
size, was used. 

Materials and Methods 

A retrospective analysis of CT findings was performed in 128 severe head-injury patients . 
The minimal criterion for entry into the study was that the patients were unable to obey 
simple commands or utter formed words. Sequential serial CT scans were obtained on 
admission , 3-5 days, 14 days, 90 days, and 1 year after injury. The examinations were 
performed on a Delta scanner with a 256 x 256 matrix. Four conventional slices of the 
intracranial contents were obtained , including the uppermost surface of the cerebral hemi
spheres and, whenever possible, the posterior fossa. Each scan slice produces two images, 
each of which represents a brain section about 1.0 cm in thickness , resulting in eight images, 
which should adequately cover the entire brain . 

For the purposes of this study the initial admission CT scans were examined to determine 
the number of slices on which hemorrhagic lesions were visible. The outcome of these 
patients was assessed at the end of 3 months or 1 year according to the scale proposed by 
Jennett and Bond [13). For the purposes of discussion, good recovery or moderate disability 
is considered good outcome, and severe disability , vegetative state, and death as poor 
outcome. Other factors , such as bilaterality of lesions, multiplicity , midline shift , and devel
opment of new lesions , were also considered . Using this analysis the prognostic significance 
of the initial CT findings on their own was determined as well as the prognostic significance 
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Fig. 1.-lnitial CT study. Right hemispheric intracerebral hematoma on six 
successive slices. 

of CT findings combined with the Glasgow Coma Scale (GCS) of the 
patient [14] . 

Data analysis was performed using the multiple linear logistic model 
[15 , 16]. This model expresses the log-ratio of relative odds associ
ated with each outcome as a simple sum of the prognostic indicants, 
each weighted by a regression coefficient, and a constant term. 
Maximum likelihood estimates of the regression coefficients associ
ated with each potential prognostic indicant in the model were ob
tained . The CT score (CTS) indicating the information contained on 
the CT scan associated with outcome is given by the formula, CTS 
= -0.62X, + 1.32, where X, is given by X, = a if there are no 
hemorrhagic lesions; 1 if the lesion is seen on one or two slices; 2 if 
three or four slices; 3 if five or six slices , and 4 if seven or eight 
slices. A patient with a CTS of less than zero is predicted to have a 
poor outcome. Otherwise the patient is predicted to do well. As an 
example, consider the patient whose CT scan is illustrated in figure 
1. A large hemispheric intracerebral hematoma is present on six CT 
slices. Thus , X, = 3, and, using the above formula, CTS = -(0.62 x 
3) + 1.32 = -0.54. Since -0.54 < 0, the patient is predicted to have 
a poor outcome. This patient was indeed severely disabled. 

We also attempted to determine a combined scale using the initial 
CT findings and the GCS, commonly used in head-trauma centers to 

Fig. 2.-Left intracerebral hematoma and intraventricular hemorrhage on 
four successive CT slices. 

assess a patient's status, for determining prognosis. The score 
associated with this information is given by the formula, CT-GCS = 
0.48 GCS - 0.56X, - 1.95. Patients whose CT-GCS falls below zero 
are predicted to do poorly. This can be illustrated by the case shown 
in figure 2, where a left basal ganglion hematoma together with 
intraventricular hemorrhage is seen on four slices, giving an X, of 2. 
Here CTS = -(0.62 x 2) + 1.32 = 0.08, and the patient is predicted 
to do well. However, when we consider the patient's GCS, which 
was 3, and using the CT-GCS formula, we obtain CT-GCS = (0.48 
x 3) - (0.56 x 2) - 1.95 = -1 .63. Using this more informative score 
we predict that the patient will do poorly. Indeed this was proved 
correct as the patient died shortly after the initial CT study. 

Results 

In the 128 randomly selected patients with hemorrhagic 
lesions on initial CT, a clear relation was demonstrated be
tween outcome and the size of the lesions as measured by 
the number of slices on which hemorrhagic areas are seen, 
as demonstrated in table 1. The difference in outcomes 
between patients with normal CT scans and those with le
sions present is significant, with 80% of patients with normal 
CT scans having a good outcome (p = 0.0001). An exception 
to this occurred in patients who developed secondary com
plications or had undetected brainstem lesions. The only 
areas where a clear trend was not seen were in those patients 
with isolated extra- or intraaxial hematomas. In addition, we 
found that 1 00% of patients having both intra- and extraaxial 
hemorrhagic lesions ended up with a poor outcome. Of the 
seven patients who had bilateral hemorrhagic lesions, four 
(57%) had a poor outcome; although this is not statistically 
significant, it has been shown that by including those patients 
who developed bilateral lesions within the first week after 
admission , a poor outcome of 75% is found. These findings 
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TABLE 1: Prognostic Significance of Lesion Size in Head Injury 

No. of Scans with Hemorrhagic Le-
Na. of Patients by Final Outcome 

(%) Total sians 
Good Poor 

None ........ .... . 55 (80) 14 (20) 69 
One or tWO . ...... .. . 5 (63) 3 (37) 8 
Three or four . . . . . . . . . 12 (50) 12 (50) 24 
Five or six 9 (37) 15 (63) 24 
Seven or eight 1 (33) 2 (67) 3 

Note.-A good outcome is defined as good outcome and moderate disability: a poor 
outcome is defined as severe disabillty. vegetative state , and death. 

are confirmed by Sweet et al. [17] . Patients with corpus 
callosum lesions also have a poor outcome: four (80%) of 
five , as reported by Zimmerman et al. [18] . A similar poor 
outcome has been documented in patients with brainstem 
lesions [19]. However, because of the low incidence of brain
stem and corpus callosum lesions in our sample, a statistical 
trend using these factors was not investigated. This also 
applies to the incidence of intraventricular hemorrhage, which 
only occurred in 5% of our sample. 

By using a CTS of less than zero in predicting a poor 
outcome, 69.7% of our patients were correctly classified . By 
including the GCS in the model as previously explained, 
75.8% of patients were correctly classified. These rates are 
expected to be somewhat lower when the rules are used for 
a prospective study. 

Midline shift is another significant prognostic indicant by 
itself. Table 2 indicates that 64% of the patients with midline 
shift of greater than or equal to 3.8 mm did poorly (X / = 

7.46 ; P = 0.0006). 

Discussion 

Despite several attempts to predict the outcome after head 
injury, our ability to do so has remained elusive. When one 
discards factors such as age, patients under 20 having a 
better outcome than the older population [7 , 10, 12, 20] , the 
time elapsed between injury and medical care [21] , and 
associated systemic insults that are more likely to result in 
poor outcomes, the most commonly discussed clinical prog
nostic indicants are the initial neurologic examination , the 
depth of coma, and intracranial pressure [6-10, 12, 14, 22 , 
23] . The GCS is a good indicator [14], but it has its limitations. 
Nevertheless, as shown in a recent study by Young et al. [24] 
as well as by others, it is well known that over 95% of the 
patients with a score of 4 or less are likely to have a poor 
outcome compared with those with a score of 8 or more. 
However, a significant number of patients fall in the group 
between 5 and 7, and in this group the GCS is not very 
helpful, with 50% of patients having an unpredictable out
come. Intracranial pressure is also considered to be a valuable 
tool in predicting outcome [22]. Only 25% of patients with 
normal pressure are likely to have poor outcome, whereas 
100% of people with an intracranial pressure of 60 mm Hg or 
greater are likely to have a poor prognosis. However, many 
patients have intracranial pressures between these two cat
egories, and it is difficult to predict outcome in these patients 
lower when the rule is applied prospectively . When a further 
using intracranial pressure alone. It is also noted that most 

TABLE 2: Prognostic Significance of Midline Shift on Outcome 
in Head Injury 

Outcome 

Good ......... . . 
Poor ............ . 

Total . 

No. of Patients by Amount of Midline Shift (% ) 

<3.8 mm 

57 (70) 
25 (30) 

82 

>:3.8mm 

17 (37) 
29 (63) 

46 

patients with normal CT scans have normal intracranial pres
sures and go on to have a good outcome [22] . If one considers 
all these variables, including the early CT and clinical findings 
and late CT changes, one is likely to find better correlation 
with the outcome, as suggested by Van Dongen and Braak
man [25] . 

Since the various clinical parameters used for prognosis 
are based on neurologic dysfunction, which apparently results 
from structural damage to the brain, and since this structural 
damage is currently best detected by CT, it is only logical for 
us to investigate the predictive power of CT for the outcome 
in head-injury patients. In fact , of 230 consecutive patients 
who were admitted into our head-injury program, 18 had total 
flaccidity on admission, and as can be expected , 16 of these 
had a poor outcome with only two making a good recovery. 
The only correlative factor in these two patients was a normal 
CT study. 

Clear trends of outcome are seen in patients with certain 
CT findings. Patients who have a normal CT scan on admis
sion do well , with 80% of them having a good outcome [22] . 
The exceptions are patients who develop secondary compli
cations such as hydrocephalus [26] or who have undetected 
brainstem lesions [19] . Another group where a clear trend is 
seen are patients who have both intra- and extra parenchymal 
lesions on CT; 67% of these patients have a poor outcome 
[22] . A clear trend is also seen in patients with bilateral 
hemorrhagic lesions; 75% of them end up in a persistent 
vegetative state or death [17] . Also well documented in the 
literature is the group of patients who suffer midline lesions. 
Corpus callosum and brainstem lesions are also known to 
portend a poor outcome [18 , 19]. 

Therefore, we attempted to devise a scale in which the size 
of the hemorrhagic lesions on CT could be used statistically 
to indicate prognosis. The number of slices on which a 
hemorrhagic lesion is seen on CT is used to devise a statistical 
model. In this particular study we used a linear logistic regres
sion model. The logistic model has been shown to be effective 
in predicting outcome in severe head injury [12 , 15] . Its 
interpretability is easily manifest, since the model related a 
simple sum of each CT factor multiplied by a weight , known 
as a regression coefficient, to the relative odds of having a 
poor outcome. Thus, a simple scoring procedure may be 
developed for predicting outcome from CT indicants. The 
score is easily computed , and prediciton may be obtained by 
observing whether or not the score is greater than or less 
than zero. A patient with a CTS of less than zero was 
predicted to have a poor outcome. When this rule was applied 
retrospectively to our series of 128 patients, 69 .7% were 
correctly classified, although this rate is likely to be slightly 
breakdown of the number of slices in which a hemorrhagic 
lesion was present was performed as indicated in table 1, it 
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can be seen that 80% of the patients with no hemorrhagic 
lesion had a good outcome, with the other 20% showing a 
poor outcome. As the number of slices on which a hemor
rhagic lesion is seen increases, a corresponding decrease in 
the number of good outcomes and increase in the poor 
outcomes is seen. When the lesion was demonstrated on 
seven or eight slices, two-thirds of the patients suffered a 
poor outcome. We decided not to use other factors such as 
bilateral , midline, and brainstem lesions, because, although 
these were found to have a profound effect on outcome, too 
few were present in our series to convey any statistical 
significance. The extent of midline shift did not add signifi
cantly to the prognostic capability of our model, although as 
demonstrated in table 2, midline shift by itself proved a good 
prognostic indicant, with 63% of patients with midline shift of 
greater than or equal to 3.8 mm having a poor prognosis. 

Edema was not included in our study because of difficulties 
in interpretation. Diffuse edema may be difficult to diagnose, 
as no area of normal brain may be available for comparison . 
In these cases one may see decrease in size of the ventricular 
system. However, this may also be the result of increased 
cerebral blood volume as a response to trauma. In addition, 
not all low-density areas seen on CT represent edema. Ten
torial herniation was not considered, again because it was 
not easily identifiable in all cases, and it was therefore believed 
that its inclusion would complicate the scale. 

We further attempted to increase the prognostic value of 
the initial CT scan by combining it statistically with the GCS 
score, commonly used in head-trauma centers to assess 
patient status. The resultant score computed from our data 
was expressed as the CT-GCS. Patients whose CT-GCS fell 
below zero were predicted to do poorly, and 75 .8% of patients 
were found to be correctly classified by this method. This 
result is especially significant when one considers the in
stances in which a low GCS score may actually give a 
pessimistic outlook by itself, even though CT showed that 
actual brain damage was minimal. It is in these cases that the 
size of the lesions gives valuable additional information for 
prognostic purposes. 
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