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Abstract

Traumatic brain injury has ripple effect on the
physical, cognitive, behavioral, and emotional
domains of quality of life and portends a long-
term neurological disability in survivors. In this
study we evaluated the prognostic role
of demographic and clinico-radiological
variables on the hospitalization length and mor-
tality in 71 of patients with frontal brain
contusions. The receiver operating characteris-
tic (ROC) plots were performed,with area under
the curve (AUC) values, for graphical compari-
son of variables that would predict mortality and
hospitalization length. We found that the best
prognostics of mortality were the Glasgow
Coma Scale score, the motor function score,
and the Rotterdam CT score, with AUC values
of 0.873, 0.836, and 0.711, respectively.
Concerning the prediction of hospitalization
length, the AUC showed inappreciable
differences, with the highest values for the
Glasgow Coma Scale score, Rotterdam CT
score, and the serum cortisol level in a
0.550–0.600 range. Curve estimation, based on

multivariate analysis, showed that the scores of
motor function, Glasgow Coma Scale, and
Rotterdam CT correlated best with the predic-
tion of bothmortality and hospitalization length,
along with the upward dynamic changes of
serum cortisol for the latter. We conclude that
basically simple and non-invasive assessment in
survivors of acute traumatic brain contusion is
helpful in predicting mortality and the length of
hospital stay, which would be of essential value
in better allocation of healthcare resources for
inpatient treatment and rehabilitation and for
post-hospital patient’s functioning.
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1 Introduction

Acute brain injury is the most common sequelae
of all traumatic incidents. Frontal contusions
comprise 43.4% of the intracranial pathologies
resulting from trauma (Papo et al. 1982). More-
over, such contusions have a ripple effect on the
physical, cognitive, behavioral, and emotional
domains of quality of life, and they also harbinger
variable long-term neurological disabilities
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among the survivors (Kurland et al. 2012).
Although most of the patients are initially neuro-
logically preserved, there is a high tendency for
rapid progression of brain lesions, leading to sud-
den brain herniation and eventual death (Chen
et al. 2018; Rehman et al. 2008). Brain injury
also embarks a significant negative effect on
daily lives of patients and caretakers, and it
connotes a substantial enduring socioeconomic
burden for families and society (Chen et al. 2006).

There is a paucity of neurosurgical studies
pertaining to the prognostic value of various clin-
ical factors in predicting the length of hospitaliza-
tion and mortality among patients with traumatic
brain injury. Thus, this study seeks to predict
outcome in patients with traumatic frontal
contusions based on demographic and clinico-
radiological variables referring to the total length
of hospitalization and mortality.

2 Methods

2.1 Patients and Study Design

There were 71 patients enrolled in the study with
the diagnosis of traumatic frontal contusions who
were hospitalized in the Department of Neurosur-
gery at the Nobel Medical College and Teaching
Hospital in Biratnagar, Nepal, during January
2017 and June 2019. Exclusion criteria consisted
of significant associated polytrauma with hemo-
dynamic instability, patient’s refusal to partici-
pate in the study, or leaving the hospital in the
course of treatment against medical advice.

We evaluated demographic and clinico-
radiological variables that could have a bearing
in predicting the length of hospitalization and
mortality (outcomes) among patients with trau-
matic frontal contusions, such as patient age, gen-
der, initial Glasgow Coma Scale, Rotterdam
computed tomography (CT) score, assessment of
motor function, bilateralism on opposing body
sides, changes in the serum cortisol and thyroid
hormones from the first to the third day of admis-
sion, accompanying polytrauma, management
mode, and the presence of other concurrent
brain lesions. Study outcomes were the length of

hospitalization and the mortality rate in patients
with traumatic frontal contusions.

2.2 Sample Size and Data
Elaboration

The minimum sample size, required to achieve
the study goal, was calculated as 32 patients using
the following formula:

n ¼ z2 x p x q=d2

where z is 1.96 at 95% confidence interval; p,
20% prevalence of traumatic frontal contusions;
q, 1-p; and d, 10% margin of error.

The receiver operating characteristic (ROC)
plots were performed, with area under curve
(AUC) values, for graphical presentation and
comparing variables that would be useful for
predicting the length of hospitalization and mor-
bidity among patients with traumatic frontal
contusions. The analysis of variance (ANOVA)
and multivariate logistic regression, along with
the logistic coefficient curve, were used to evalu-
ate the effects of different variables, which could
affect the two outcome variables: mortality rate
and hospitalization length. The analysis was
performed using a commercial statistical package
of SPSS v16 (IBM Corp., Armonk, NY).

3 Results

In the ROC analysis, the best predictors of mor-
tality in patients with traumatic frontal contusion
were the score of the Glasgow Coma Scale, motor
function score, and Rotterdam CT score, with the
AUC values of 0.873, 0.836, and 0.711, respec-
tively (Fig. 1). One-way ANOVA for predicting
mortality yielded a significant p-value only for the
three variables aforementioned; 0.001, 0.003, and
0.005, respectively. Concerning the prediction of
hospitalization length, the AUC showed inappre-
ciable differences, with the highest values also for
the Glasgow Coma Scale score (0.592),
Rotterdam CT score (0.589), and the serum corti-
sol level (0.564) (Fig. 2).

54 S. Munakomi et al.



0.0
0.0

0.2

0.2

0.4

0.4

0.6

0.6

Specificity

S
en

si
ti

vi
ty

0.8

0.8

1.0

Age
Gender
Glasgow Coma Scale
Motor Score
Polytrauma

Rotterdam CT Score
Bilateral Contusions
Serum Cortisol
Serum Thyroid
Hormones
Mode of Management

Concurrent Brain
Lesions

1.0

Fig. 1 Receiver operating characteristic (ROC) plots of clinico-radiological variables for predicting mortality among
patients with traumatic frontal contusions
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Fig. 2 Receiver operating characteristic (ROC) plots of clinico-radiological variables for predicting hospitalization
length among patients with traumatic frontal contusions
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In multivariate analysis, curve estimation of the
size and direction of the relationship between a
predictor, i.e., clinical and radiological variables
investigated, and the response outcomes, i.e., mor-
tality and hospitalization length, are depicted in
Figs. 3 and 4, respectively, For mortality, the best
prediction yielded the motor score (p ¼ 0.001),
Glasgow Coma scale score (p ¼ 0.001), and
Rotterdam CT score (p¼ 0.047). For the hospital-
ization length, prediction was significantly
associated with the Glasgow Coma Scale score
(p ¼ 0.001), Rotterdam CT score (p ¼ 0.001),
mode of management (p ¼ 0.001), serum cortisol
content (p ¼ 0.006), and the presence of concur-
rent brain lesions (p ¼ 0.005).

4 Discussion

In this study we assessed the efficacy of clinico-
radiological and biochemical variables in
predicting mortality and hospitalization length of
patients with traumatic frontal brain contusions.

There is a paucity of studies addressing the issue
that is of substantial practical interest in the face of
frequency of such injuries and uncertain outcome
and complicating management. In the assessment,
we used a spectrum of different factors and
variables, such as the Glasgow Coma Scale
score, the Rotterdam CT score, and the motor
function score at presentation, the presence of
concurrent brain pathologies, the associated
polytrauma, and the dynamics of changes in the
content of serum cortisol and thyroid hormones.
We also took into account patients’ demographics
such as age and gender and the management algo-
rithm performed in these patients. The findings, in
general, were that the factors above outlined posi-
tively correlated with both mortality and hospitali-
zation length in patients with acute frontal brain
injury as depicted in curve estimation, based on
multivariate regression analysis (Figs. 3 and 4).
There were, however, differences in the prognostic
power among these factors.

The Glasgow Coma Scale was the most signif-
icant item in predicting both mortality and
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Fig. 3 Curve estimations of clinico-radiological variables being associated with the prediction of mortality among
patients with traumatic frontal contusions
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hospitalization length in patients with traumatic
frontal contusions. For mortality, the AUC value
corresponding to this scale in the ROC plot
amounted to 0.873. The finding pointing to the
essential importance of the scale in the patient
assessment is in line with other previous studies
on the subject (Arango-Lasprilla et al. 2010;
Hung et al. 2004). However, the score of motor
function at presentation and the Rotterdam CT
score ran closely behind the Glasgow Coma
scale score in predicting mortality, in terms of
the AUC values. Moreover, the assessment of
motor function seems superior and more reliable
in some patients, as the eye and verbal
components of the Glasgow Coma Scale might
be adversely influenced by drugs, alcohol intoxi-
cation, or patient intubation. In addition, motor
function assessment is the only one clearly and
objectively achievable when a full Glasgow
Coma Scale cannot be performed. The Rotterdam
CT score, which helps evaluate the course of
acute traumatic brain injuries (Munakomi 2016),
also appeared useful in predicting both mortality

and hospitalization length in our patients. The
score was a particularly strong determinant
regarding mortality, with the AUC of 0.711.

In addition, we found in this study that an
upward change in the serum cortisol during the
first few days of hospitalization due to frontal
brain injury was a significant prognostic of mor-
tality. The role of the assessment of serum cortisol
in such patients is a contentious issue. In contra-
distinction to the present finding, Hannon et al.
(2011) have found that patients with a low level
of cortisol would rather have increased mortality.
That finding has not been supported by a study of
Olivecrona et al. (2013) who have failed to sub-
stantiate the presence of a relationship between
dynamic changes in cortisol and mortality after
brain injury. The discrepancy among the studies
concerning the relation of serum cortisol to mor-
tality is not readily explicable and requires further
exploration using alternative study designs.

Referring to the hospitalization length, in gen-
eral, the variables investigated showed narrow
differences in the ROC plot, within a
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Fig. 4 Curve estimations of clinico-radiological variables being associated with the prediction of hospitalization length
among patients with traumatic frontal contusions

Prognostics of Hospitalization Length and Mortality in Patients with. . . 57



0.550–0.600 range of AUC values. The Glasgow
Coma Scale score and the Rotterdam CT score
appeared the most significant determinants with
the AUC of 0.592 and 0.589, respectively. How-
ever, the serum cortisol level and polytrauma,
including concurrent brain lesions, also ranked
high in the ability to determine the hospitalization
course. In this study, fractures of long bones
accounted for the majority of associated
polytrauma. Fractures of the pelvis and lower
limbs immobilize patients and delay physical
rehabilitation, which increases the risk of pulmo-
nary embolism, prolongs the hospital stay, and
increases the risk of mortality. These results are in
line with those reported by Tardif et al. (2017)
and Stewart et al. (2013), except that the latter
study has reported chest injuries, rather than bone
fractures, as being prevalent among patients with
acute traumatic brain injury. Likewise, patient age
was another factor that was found of significance
in predicting the length of hospital stay in the
present study, with increasing age prolonging
the stay. Older age carries the inherent risk of
comorbidities, such as pre-existing hypertension,
diabetes, or cognitive impairments, which all
hinders the management of a treatment course in
acute brain trauma, in turn leading to a
prolongation of hospital stay (Lazaridis et al.
2015; Vitaz et al. 2003).

A limitation in interpreting the findings of the
study is that it was performed in a rather small
sample of 71 patients with traumatic frontal brain
injury hospitalized in a single tertiary medical
center. The results obtained should be validated
in larger multi-center prospective randomized
trials. Nonetheless, we believe we have shown
that basically simple and non-invasive assessment
in survivors of acute traumatic brain contusion
may be helpful in gaining predictive knowledge
on the length of hospital stay and plausible mor-
tality. This knowledge is of essential value for
better allocation of healthcare resources
concerning the management of inpatient treat-
ment and rehabilitation, which would eventually
lead to better outcome and post-hospital quality
of life.
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