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Background: Virtually all the literature on head injury has
focused on the outcome prediction of severe and mild head
injuries and very few studies have been dedicated to
patients sustaining moderate head injuries. Aim: To identify
the patient following moderate head injury who may die,
develop severe disability or significant cognitive and
behavioral problems on the first day of injury itself. Setting:
Tertiary teaching hospital. Design: Prospective study divided
into two groups. Materials and Methods: The study included
85 patients whose Glasgow coma scale score were 9-12
and who had isolated moderate head injury. Among the
above patients a preliminary prospective study was
conducted in first group of 64 patients using 7 clinical
factors, 18 neuro-behavioral sequel and CT brain data in
prediction of outcome with moderate head injury. From the
results obtained in the above study three statistically
significant factors were identified and a mathematical
model was developed and used prospectively in the next
21 patients and its accuracy was evaluated. Statistical
Methods Used: Multiple regression analysis and Kendall's
tau non- parametric test using statistical package for social
sciences (SPSS 11-5-version) were used to find out the
predictive factors. Results: Results of these patients
showed combination of CT scan brain data, verbal
response and neurological signs could provide a reliable
prediction in moderate head injury. Conclusion: Based upon
the above results a mathematical model was developed
giving a value for the above-mentioned factors. The
mathematical model was “CT brain data x (Verbal response
+ Neurological Signs)”. Its overall accuracy when used on
the day of admission was around 80%.
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Introduction

Even though the term moderate head injury is used, mortality
does occur among these cases. A careful analysis of these cases
reveals significant impairment of their higher neurological function
and in particular their cognitive functions.! Very few studies
has been dedicated to patients sustaining moderate head
injuries.?* Hence this study aims to develop mathematical model
that will identify the patient who may die, deteriorate neurologically
or develop neurobehavioral sequel lasting more than 3 months
following moderate head injury.

Materials and Methods

During the period January 1997 to September 2004, 85
patients with isolated moderate head injuries with Glasgow Coma
Scale (GCS) score of 9-12 were only included in the study.!*"!
The study did not include patients with multiple extracranial
severe injuries, pediatric head injuries, isolated depressed fracture,
addiction to aleohol or drugs, known psychiatrie disorder or
mental retardation, preexisting terminally ill disease. The study
was a prospective study. It was divided into two parts. Among the
85 patients studied a preliminary prospective study was conducted
in first group of 64 patients using 7 clinical factors, 18 neuro-
behavioral sequel and CT brain data in prediction of outcome
with moderate head injury. These groups of patients are labeled
as group A. From the results obtained in the above study three
statistically significant factors were identified and a mathematical
model was developed and used prospectively in the next 21
patients and its accuracy was evaluated. These groups of patients
are labeled as group B. Age of the patients varied from 18 years to
87 years and the mean age is 40.72 years. The following eight
clinico-radiological parameters were analyzed at the time of
admission in the first 64 patients - 1. Mode of injury 2. Duration
of loss of consciousness (LLOC) 3. Duration of Post Traumatic
Amnesia (PTA) 4. Motor response (MR) 5. Verbal response (VR)
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6. Eye opening (EO) 7. Neurological signs (NS) and 8. Computed
Tomography scan data (C'T). The focal neurological signs may be
pupillary inequality, any cranial nerve paresis, monoparesis,
hemiparesis and or extensor plantar.

CT scan of brain was done in all 85 patients at the time of
admission. The CT scan brain data was divided into following
groups for analysis 1. Normal study 2. Diffuse brain injury (DBI)
3. Presence of single mass lesion 4. Presence of multiple mass
lesions on one side of cerebral hemisphere 5. Presence of multiple
mass lesions on both sides of brain. Diffuse brain injuries include
injuries where there is no visible mass lesion on C'T scan but the
basal cisterns and ventricles may be distorted and midline shift
may or may not be present. The mass lesions on C'T scan can be
epidural haematoma, acute subdural hematoma, contusion or
intracerebral hematoma. The following neurobehavioral sequelae
were analyzed using a standard protocol 1. headache 2. giddiness
3.vertigo 4. fatigability 5. blurred vision 6. sleep disturbance 7.
depression 8. anxiety 9. appetite 10. coordination 11. restlessness
12. generalized pain 13. ear pain/tinnitus 14. inability to work
15. attention span and the immediate recall memory were tested
using the digit repetition test 16. vigilance was tested using the
random letter test 17. visual pattern and alternating motor pattern
tests were used to assess the frontal lobe dysfunction.18. Remote
memory was tested not only by asking the patient to recall both
personal and historical facts but also by the patient’s ability to
recollect four unrelated words, verbal story for immediate recall,
visual memory for hidden objects, visual design reproduction and
paired associate learning. All these were tested as per the criteria
sugeested by Strub et al.'! Clinical evaluation was done in patients
atthe end of 1, 7, 30 days, 3 and 6 months. The Glasgow outcome
scale was used to assess the final outcome at the end of three
months in this study.”!

All the moderate head injury patients were initially treated with
anti-edema drugs Injection Frusemide and Injection 20%
Mannitol in standard doses. In all patients C'T brain was done

immediately after admission. Follow up C'T brain was done after
48 hours or if neurological deterioration occurred. Patient who
had significant mass lesion with mass effect was immediately
operated. Anticonvulsant Injection Diphenylhydantoin was given
for all the patients. The antiedema drugs were tapered and
stopped. Patients whose GCS score deteriorated to below 9 (< =
8) from the original admission GCS score or after surgery were
intubated and ventilated. Among 12 cases who received injection
Dexamethasone 8 had been given steroids in other hospitals.
Nimodipine was not given to any of the patients. Detailed clinical
and neuropsychological examination was done at the end of 30
days, 3 and 6 months. As a protocol all head injury patients were
referred to the psychologist for detailed work up and counseling.
This study does not contain any new drug or device and the above
therapeutic strategy is the same management that is being followed
in the neurosurgical centers.

In addition to the multiple regression analysis which is a
parametrie statistical test, considering the fact that all independent
and dependent variables are measured on a single ordinal scale
non—parametric test Kendall’s tau correlation test was also used
to analyze the data of 64 patients in group A with above mentioned
8 variables to identify the significant predictive factors. The results
of both the above statistical methods were obtained using statistical
package for social sciences (SPSS 11-5 version). Based upon the
results, a mathematical model is developed and its accuracy in
predicting the outcome is analyzed.

Results

The outcome of moderate head injury (Dependent Variable 9)
has been compared with 8 independent variables that have been
listed above using two different statistical methods in-group A
patients. When multiple regression analysis was used it was found
that CT (0.472), VR (0.384) and NS (0.433) are three
statistically significant variables [Table 1 and 2]. The regression

Table 1: Results of multiple regression analysis in 64 patients using parametric test

Unstandardized Standardized T Sig. 95% confidence V9 outcome
coefficients coefficients interval for B pearson

Mean B S.E Beta Lower Upper correlation
(Constant) 1.77 0.310 0.451 0.688 0.495 -0.594 1.215 -
V1INJURY  2.06 -0.207 0.179 -0.122 -1.155 0.253 -0.566 0.152 -0.165
V2 LOC 1.95 -0.032 0.127 -0.034 -0.254 0.800 -0.286 0.222 0.266*
V3 CT 1.39 0.227 0.119 0.265 1.916 0.061 -0.010 0.465 0.472**
V4 MR 2.47 0.308 0.142 0.247 2.162 0.035 0.023 0.593 0.304*
V5 VR 1.78 0.175 0.082 0.270 2.149 0.036 0.012 0.339 0.384**
V6 EO 2.84 -0.208 0.097 -0.248 -2.141 0.037 -0.403 0.013 -0.049
V7 PTA 211 0.209 0.079 0.278 2.654 0.010 0.051 0.367 0.278*
V8 NS 1.72 0.148 0.114 0.155 1.291 0.202 -0.081 0.377 0.433**

a Dependent Variable: V9 OUTCOME Sig: Significance S. E: Standard Error V: Variable

*Correlation is significant at the 0.05 level (1-tailed). r (5%) = 0.246
**Correlation is significant at the 0.01 level (1-tailed). r (1%) = 0.312

The R is 0.687a and R square value is 0.472, adjusted R square is 0.395 with standard error of 0.562.

The F change value is 6.141, probability is 0.0000**

The sum of squares and cross products is 32.938 and covariance is 0.523.
Durbin Watson test value is 1.627.

Regression mode| equation iS P: l +e (0.472+0.227x1+0.175x2 + 0.148 x 3)-1
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Table 2: Comparison of the correlation results obtained using multiple regression analysis and Kendall’s tau test in 64

patients

Statistical method V1 injury V2 LOC V3 CT V4 MR V5VR V6EO V7 PTA V8 NS
Parametric test - V9 outcome -0.165 0.266* 0.472** 0.304* .384**  -0.049 0.278* 0.433**
Multiple regression Pearson correlation
Analysis

Sig. (1-tailed) 0.096 0.017 0.000 0.007 .001 0.349 0.013 0.000
Non-parametric V9 outcome -0.01 0.263* 0.449** 0.323** 0.340** 0.0 0.230* 0.417**
Test-Kendall’s Correlation coefficient
Tau test

Sig. 1 tailed 0.281 0.011 0.000 0.003  0.001 0.427 0.022 0.000
*Correlation is significant at the 0.05 level (1-tailed)
**Correlation is significant at the 0.01 level (1-tailed)

227x1+0.175

model equation that was developedis P =1 + ¢ 472 +0:
X2+ 0183 where (0.472 1s the coefficient of determination (r
square), X1 is CT, X2 is VR and X3 is NS. The coefficient of
determination when tested for its significance by using anova was
also found to be significant at 1% level of significance. The Durbin
Watson test value of 1.627 also indicated that the auto correlation
was also present for these variables. Results comparing multiple
regression analysis and non-parametric Kendall’s tau correlation
test are tabulated in [ Table 2]. Using both methods of statistical
analysis it is found that same variables Computed Tomography
scan (CT) (0.472/0.449), Neurological Signs (NS) (0.433/
0.417) and Verbal Response (VR) (0.384/0.340) are three most
important statistically significant variables [ Table 2].

The above regression equation usage needs calculator and it is
tedious, hence a simple mathematical model was developed based
upon the above results. A value was given for each parameter
depending upon the prognostic importance of the factor in
predicting the outcome [Table 3]. A simple equation was developed
which is given in [ Table 3] and the accuracy of it in 64 patients is
below reported in [ Table 4]. The same model was used prospectively
in the next 21 patients belonging to group B and its accuracy was
evaluated | Table 4].

The overall accuracy of the equation in the first 64 patients in-
eroup A was 79.7% (51/64) compared to 85.7% (18/21) in-
eroup B when it was used prospectively in the next 21 patients.
The respective mortality was 6.25% (4/64) in group A compared
to 4.7% (1/21) in group B. Similarly 28.1% (18/64) patients
were operated in the group A with accurate prediction made in
83.3% cases (15/18) while it was 19.1% (4/21) patients who
were subjected to surgery in the group B. In the group A 30%
(18/60) developed persistent neuropsychological sequelae
excluding the 4 patients who had expired while in the group B it
was 40% (8/20) excluding the single case that expired.

In order to illustrate the use of equation, consider a patient
having a GCS score of 12 who has localizing pain (MR-5),
disorientation (VR-4) and eye opening to loud voice (EO-3).
Neurological evaluation reveals he has an extensor plantar and
CT brain showing a right frontal contusion. Using this
mathematical model by substituting the values for the response
from the above table viz,

CT: 3 (Single right frontal lobe contusion)

Table 3: The mathematical model with values for the three
variables and the final outcome

Equation: Computed Tomography (CT) brain data x
((Verbal response (VR) + Neurological signs (NS)) = Final

Outcome

CT brain data: Score
Variable

Normal 5
Diffuse brain injury 4
Single mass lesion 3
Multiple unilateral mass lesions 2
Multiple bilateral mass lesions 1

Verbal Response (VR) as given in Glasgow Coma Scale

Variable Score
Oriented 5
Disoriented 4
Inappropriate 3
Incomprehensible 2
Nil 1
Neurological Signs (NS)

Variable Score
Absent 3
Single sign 2
Multiple signs 1

Final outcome: CT x (VR + NS)
Final value Outcome

<=3 Dead / Severe Disability/ Persistent Vegetative State
4-18 Moderate recovery (Neuropsychological sequel

/ Surgical intervention)
>=19 Good recovery

VR: 4 (Substituted directly from Glasgow Coma Score)

N8: 2 (Single neurological sign of plantar extensor on one side)

The final score: CTx (VR + NS) = 3x (4 + 2) = 18. Afinal
score of 181s obtained indicating that this patient is likely to have
moderate recovery.

Discussion

Virtually all the literature on head injury has focused on the
sequelae of severe and mild head injury. ™7 Few studies has been
dedicated to patients sustaining moderate head injuries.”* Rimel
et al’™ reported that following moderate head injury only 38%
made good recovery in their study compared to 45% (39/85) in
our study indicating almost a similar outecome. Neuropsychological

30

Neurology India | March 2006 | Vol 54 | Issue 1



Srinivasan et al: A mathematical model for predicting the outcome in head injury

Table 4: Comparison of the results of the accuracy of the above mathematical model in predicting the outcome when
used in the group A of 64 patients Vs. prospectively in the group B of 21 patients.

Outcome in the group A of 64 patients

Outcome in the group B of 21 patients

Outcome group No. True Actual % No. True Actual %
prediction outcome prediction outcome
Dead or severe 4 100 Nil 0 1 100 Nil 0
disability (414) (/1)
Moderate recovery 37 70.3 Dead 2.7 15 80 Dead 0
(26/37) Good (1/37) (12/15)
recovery 27.1 Good 20
(10/37) recovery (3/15)
Good recovery 23 91.3 Moderate 8.6 5 100 Moderate 0
(21/23) recovery (2/23) (5/5) recovery

No: Number of Patients %: Percentage

batteries performed in moderately head injury patients in Rimel’
series 3 months after the injury demonstrated significant deficits
on all test measures® while in our study nearly 40% developed
neuropsychological sequelae.

CT scan features were found to be one of the important predictors
in head injury in our study that is agreement with the findings of
other studies."™" ' Hsiang et al® reported that moderate head
injury patients harboring acute subdural hematoma had a very
poor outcome to the extent 65% died or were severely disabled
and none made a good recovery as measured by the Glasgow
outcome scale. Gennarelli et al®! and Liobato et al**'have reported
that the type of lesion is an important factor in determining the
outcome as is severity of injury. It has been reported that the
causative lesion plays a significant role in determining the outcome
in moderate head injuries rather than the status of the basal
cisterns or midline shift especially with regards to extradural
hematoma, subdural hematoma, diffuse cerebral edema and
multiple lesions.!**! An association between multiple intracerebral
hemorrhagic lesions on CT sean and poor outcome was
reported.* 2% Based upon CT and MRI scan findings in
moderate head injuries it has been reported that isolated
nonhemorrhagic diffuse axonal injury type lesions were not
associated with poor clinical outecome but the hemorrhagic DAI
type lesions associated with traumatic space oceupying lesions
had a poor outcome.*"** The above studies supports our view of
classifying C'T scan features based only on the pathology of the
lesion in moderate head injury and giving a higher value for diffuse
mjury and lower value for mass lesions with the lowest value given
for bilateral mass lesions.

In moderate head injuries Van der Naalt et al ' veported that
verbal response score determines the outcome instead of the GCS.
In our study among the GCS parameters, verbal response achieved
the highest statistical significance that is in agreement with the
above finding. They also stated that diagnostic assessments such
as C'T scan would further increase the accuracy in predicting the
outcome.*” It has also been reported that the presence of focal
neurological signs was highly predictive of serious complications'®”!
and there is negligible risk of neurological deterioration if the
neurological examination is normal.™ Similar findings with
regards to the neurological signs were observed in our study. The

above findings support our equation of incorporating the verbal
response, C'T scan findings and neurological signs in predicting
the outcome in moderate head injury.

The overall accuracy of this equation in first 64 cases in the
preliminary study is around 80% while in the next 21 patients
when used prospectively are 85%. Hence, it is considered that the
use of the mathematical model C'T x (VR + NS) at admission
stage in cases of moderate head injury is a useful tool for reliable
prediction of outcome. This is one of the very few studies to look
onlyinto the isolated moderate head injury outcome and the first
study to propose an outcome model that can be used by the bedside
on first day of traumatic brain injury itself. Further studies
recruiting larger number of patients are needed for prospective
validation of the above mathematical model in moderate head
mjuries.
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