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Introduction Traumatic brain injury (TBI) is a global health issue, accounting for a
significant number of adult and pediatric deaths and morbidity. Computed tomogra-
phy (CT) is an important diagnostic modality for TBI. The primary goal of this study
was to determine if there were any significant radiological differences in CT brain find-
ings between adult and pediatric populations.

Materials and Methods Data of individual patients were collected from admis-
sion to discharge/death, which included various parameters in terms of demograph-
ics, mechanism of injury, and patient outcome which were later analyzed. A total of
1,150 TBI patients were enrolled in the study.

Results The most common mode of injury in adults is road traffic accident (RTA) fol-
lowed by fall from height (FFH), while in pediatrics it is vice versa. Findings of basal cis-
terns on CT brain were found to be statistically significant in both groups; 65% adults
and 71% pediatrics had only one abnormal CT finding. Most common combination CT
finding in adults was acute subdural hematoma (ASDH) and basal cistern abnormality,
while in pediatrics it was traumatic subarachnoid hemorrhage (SAH) and contusion.
Rotterdam score (based on CT brain findings) was significantly lower for pediatric age
group compared with adults. It was 2.2 £ 0.85 for adults and 1.99 + 0.74 for pediatrics,
which was statistically significant (p < 0.001).

Conclusions The Rotterdam score has immense predictive power for prognostica-
tion of mortality status. Pediatric age group has better prognosis in terms of survival
as compared with adults, thus justifying the role of Rotterdam CT score for mortality
risk stratification in providing clinical care.

the increasing use of vehicles, there has been a tremendous
increase in the incidence of TBI worldwide.? TBI is a major

Traumatic brain injury (TBI) is a global health issue with an
estimated incidence rate of 100 per 100,000 persons and
52,000 annual deaths.! It results in a significant number
of adult and pediatric deaths and morbidity. TBI has been
referred to as the “silent epidemic” by the Centers for Disease
Control and Prevention (CDC) and others, because of its vast
incidence and pressing need for additional research.? With
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health problem worldwide, and any measure reducing mor-
tality and morbidity associated with the same would lead to
significant benefit in socioeconomic terms.* Globally, children
constitute only 33.3% of the world population, but the great
majority (88.7%) of these children live in developing nations.>¢
A unifying characteristic of developing countries is the improp-
er injury prevention programs.’ In India, TBI is mostly caused
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by road traffic injuries (60%), followed by falls (20-25%) and
violence.®® Although there have been numerous studies of TBI
which examined and included the general population, but in
this population-based study, we are particularly studying the
adult and pediatric age group population in terms of charac-
teristics of TBI. Clinical outcomes for pediatric TBI have not
significantly improved over the past decade, suggesting that
targeted research is necessary.!%12

Computed tomography (CT) scan plays a very important
role as a diagnostic modality for TBI. It is a very important
diagnostic tool that is used to classify the type of injury and
associated neurocritical care intervention needed. It ulti-
mately affects the functional outcome of patients and depicts
the survival rate. In the context of the huge burden of TBI,
which is associated with the lack of sufficient epidemio-
logical data, adequate workup is needed. There have been a
lot many studies which depict that the biomechanics of TBI
are significantly different in adults and children.*'¢ Thus,
enabling the need of studying the pattern of intracranial
injury in pediatric age group and comparing it with the adult
population. This comparison would ultimately influence the
clinical management of patient and outcome. A more thor-
ough understanding of pediatric TBI CT findings is necessary
to improve our clinical approach to diagnosis and treatment,
which may prove valuable in designing future clinical trials.

Aim

In this study, our primary goal was to determine if there were
any significant radiological differences between adult and
pediatric populations admitted at a Level 1 trauma center of
Northwest India at SMS Medical college, Jaipur, India. Our sec-
ondary objective was to study the demographics, injury charac-
teristics, severity of injury, and outcome of TBI in pediatric age
group compared with the adult age group. Such analysis would
be valuable for emphasizing this significant problem in this part
of the developing world and could serve as a cornerstone for
initiation of injury prevention programs in developing nations.

Materials and Methods

This prospective study was conducted in the Department of
Neurosurgery, Institute of Traumatology, SMS Medical Col-
lege, Jaipur, Rajasthan, India.

Study period-Between July 2016 and December 2017.

Study group-A total of 1,150 patients were enrolled in
the study after ethical clearance from the ethical committee
of SMS Medical College, Jaipur, Rajasthan, India. The pediatric
age group was defined as patients having an age less than or
equal to 16 years.

Table 1 Rotterdam score

All patients were managed as per the head injury protocol
of the institute. Data of individual patients were collected from
admission to discharge/death as per performa which includes
various parameters in terms of demographics, mechanism of
injury, and patient outcome. The data collected was age, sex,
mode of injury, mode of transportation, duration in reaching
hospital, radiological assessment, Glasgow coma scale (GCS)-
on admission and discharge, injury severity score (ISS), length
of hospital stay, and incidence of polytrauma.

Inclusion criteria-Patients included in this registry met
at least one of the following two criteria that prompted
neurosurgical consultation: (1) TBI suspected due to clinical
history, clinical symptoms or signs of neurological deficits
on physical examination; or (2) abnormal CT findings after
trauma.

Exclusion criteria-Severe pre-existing neurological
disorder that would confound outcome assessments and any
penetrating head injury.

Radiographic Data

The initial post injury CT scan was reviewed by neurosurgery
house staff at the time of initial consultation; for patients who
were transferred from an outside hospital, the scan obtained
at the transferring institution was reviewed as the initial scan.
A form was completed at the time of initial evaluation to docu-
ment the following intracranial hemorrhage patterns: epidural
hematoma (EDH), subdural hematoma (SDH), subarachnoid
hemorrhage (SAH), and skull fractures. Basal cisterns were clas-
sified as open, compressed, or absent, and midline shift was
classified as < 5 or > 5 mm. These variables were used to calcu-
late a Rotterdam CT score for each patient.'”'8

Rotterdam Score

The Rotterdam CT score of TBI is aimed at improving prognos-
tic evaluation of patients admitted with acute TBI. It includes
four independently scored elements. Like the Marshall
system,'” it includes the following: (1) degree of basal cistern
compression and (2) degree of midline shift. It does not, how-
ever, include contusions, but rather restricts mass lesions to
(3) epidural hematomas and adds (4) intraventricular and/or
subarachnoid blood. Each of these is given a score, and these
scores are tallied, with the addition of 1 to the total. (~Table 1)

Prognosis

In adults, the mortality at 6 months increases with the score.!’
Children have lower mortality withlower Rotterdam scores
(scores 2 and 3), and higher mortality with higher scores
(scores 4 to 6).18

Basal cisterns Midline shift Epidural mass lesion Intraventricular blood or traumatic SAH
0: normal 0: no shift or<5mm 0: present 0: absent
1: compressed 1: shift > 5 mm 1: absent 1: present

2: absent

Abbreviation: SAH, subarachnoid hemorrhage.
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Statistical Analysis

Statistical analyses were conducted using computer soft-
ware (SPSS Trail version 23 and primer). The qualitative
data were expressed in proportion and percentages, and the
quantitative data expressed as mean and standard devia-
tions. The difference in proportion was analyzed by using
chi square test, and the difference in means were analyzed
by using student “t” test. Significance level for tests were
determined as 95% (p < 0.05).

Results

Demographic Characteristics

Between July 2016 and December 2017, out of 1150 patients,
211 (18.35%) were classified as pediatric (age < 16 years)
and 939 (81.65%) were classified as adults. There were
795 males and 145 females in the adult population, and
162 males and 49 females in the pediatric population. The
male:female ratio was 5.48:1 for adults and 3.31:1 for pedi-
atrics (=Table 2).

Mechanism of Injury

The most common mode of injury in adults is road traffic
accident (RTA), followed by FFH (fall from height), while in
pediatrics, the most common mode is FFH followed by RTA.
The incidence of other modes of injury in adults and pediat-
rics is specified in (=Table 2). The mechanism of injury was
significantly different between the two groups.

Computed Tomography Findings

A comparison of the CT findings in both the population
groups is stated in =Table 3. The difference in findings of
basal cistern on CT brain was significant in both groups,
while CT finding of traumatic SAH and EDH were not sig-
nificant. Miscellaneous findings of midline shift, SDH,
contusion, pneumocephalous, and depressed fracture was
significant in both the groups.

Presence of Multiple CT Findings After TBI

A significant percentage of adults and pediatrics (65 and 71%,
respectively)had only one abnormal CT finding; 28% patients
had two abnormal CT findings in combination, 10% had three,
and 4% had four abnormal CT findings. The most common
combination CT found in adults was acute SDH and basal
cistern abnormality, while in pediatrics it was traumatic SAH
and contusion (=Table 2).

Rotterdam Score

The Rotterdam score was significantly lower for the pediatric
age group compared with adults. It was 2.2 + 0.85 for
adults and 1.99 + 0.74 for pediatrics, which was statistically
significant with a p <0.001. This signifies lower mortality
rates in pediatrics and higher mortality rates in adult head
injury patients (=Table 3).

Choudhary et al.

Discussion

TBI is an emerging global health issue in developing nations.
Since a long period, GCS has been a rational approach for clas-
sification of patients with head injury. Since majority of TBI
patients need intubation in view of airway protection, the
influence of drugs is a hurdle in scoring of patients. Hence,
the need for a scoring system, which utilizes the morpholog-
ical criteria based on the radiological imaging, that is, the CT
scan, is paramount. Various studies have verified the role of
CT scores in predicting the mortality of patients following
TBL.™ Since, CT imaging is the easiest tool for predicting mor-
tality and the functional outcome in TBI patients, we aimed
at using a scoring system which could overcome the draw-
backs of GCS? and provide better information to the health
caregivers. Marshall score and Rotterdam score are being
used for the same; the latter is a recently developed scoring
system for the same."’

The Rotterdam score differentiates between the types
of mass lesions and recognizes more favorable prognosis
associated with epidural hematomas.?2*> We thus aimed
to determine whether the Rotterdam CT score can be uti-
lized for risk stratification of mortality in pediatric and
adult age groups with TBI. In our study, we found a sig-
nificant difference in the CT imaging findings of pediatric
and adult TBI. The most common CT finding in both the
groups was that of basal cistern and contusions. This result
was not in consistence with other studies where depressed
fracture and SDH were common in pediatrics, while SDH
and traumatic SAH in adults.>* We found a lower Rotter-
dam score of 1.99 + 0.75 for pediatrics, while a statistically
significant score of 2.22 + 0.86 for adults. The result was
in consistence with other studies as well.?* However, both
the groups had a statistically similar severity of injury as
measured by the GCS scoring system. The difference in CT
findings may be attributed to anatomical characteristics.
Among the various differences, a few to mention are as
follows: the mechanical effect of forces generated during
injury causing fracture of cranial vault in adults'® and skull
in pediatrics,’ brain cerebrospinal fluid (CSF) volume
explaining the relative movement of brain at the time of
impact,* decrease incidence of intracranial fractures with
age,'® and strength of neck and head varying with age.*
The net effect of these factors leads to the formation of a
complex injury pattern in adults. Hence, clinical outcome
is better in young patients. The Rotterdam scoring system
takes into account the radiological criteria of basal cistern
status, midline shift, subarachnoid hemorrhage, and mass
lesion. This score is directly related to mortality. In our
study, the score of 2 was most common for the adult age
group, followed by 3 and then 1, while the most common
score for pediatrics was 2, followed by 1 and later 3. The
score was statistically significant, with a lower score for
pediatric TBI patients. This indicates lower mortality ratio,
which was in accordance with other studies'®?* (=Table 3).
Thus, concluding that the Rotterdam CT score can be used
for mortality risk stratification in TBI patients.
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Table 2 Demographics, mode of injury, and CT findings

Adult (N = 939) Pediatric (N = 211) Total p-Value
Age (y) 36.37+15.80 6.65%3.84 <0.001
Percentage 81.65% (n = 939) 18.35(n=211)
N % N %
Gender Female 145 15.44 49 23.22 194 0.009
1) |Male 794 84.56 162 76.78 956 1)
Male:Femalew 5.48 3.31:1
Mode of Assault 57 6.07 2 0.95 59 0.004
injury
1) | Fall of heavy object on head 4 0.43 1 0.47 5 0.762
1) | Fall from height 163 17.36 157 74.40 320 0.001
1) |Road traffic accident 690 73.48 49 23.22 739 0.001
1) |Sports 5 0.53 2 0.95 7 0.833
1) | Other 9 0.96 0 9 0.375
1) | Unknown 11 1.17 0 1 0.235
CT finding Abnormal 715 76.14 146 69.19 861 0.04
1) | TSAH 142 15.12 28 13.27 170 0.56
1) |EDH 137 14.59 29 13.74 166 0.83
1) |ASDH 156 16.61 13 6.16 169 <0.001
1) | Contusion 480 51.12 75 35.55 555 <0.001
1) | Other findings 0.00 0.00
1) |Depressed fracture 43 4.58 22 10.43 65 0.002
1) | Pneumocephalous 33 3.51 15 7.11 48 0.03
1) | Midline Shift
1) |25mm 71 7.56 5 2.37 76 0.01
1) |0-4mm 90 9.58 8 3.79 98 0.01
1) |N 778 59 198 63.03 687 <0.001
Basal cisterns No % No % No |%
1) | Absent 58 6.18 5 2.37 63 5.48 0.042
1) | Compressed/obliterated 130 13.84 10 4.74 140 |12.17 |<0.001
1) |Open 751 79.98 196 92.89 947 |82.35 <0.001
1) | Total 939 100.00 211 100.00 1150 | 100.00
No. of CT 1 619 65.92 151 71.56 770 |137.49
findings
1) |2 157 16.72 24 11.37 181 ]28.09
1) |3 75 7.99 5 2.37 80 10.36
1) |4 31 3.30 2 0.95 33 |4.25
1) |5 4 0.43 1 0.47 5 0.90

Abbreviations: ASDH, acute subdural hematoma; EDH, extradural hematoma; N, number of patients or findings; TSAH, traumatic subarachnoid
hemorrhage; %,percentage.
Note: Bold values represent significant values.

Limitations There could have been interobserver bias based on a differ-
ence in reporting of the CT image. We did not include the
Marshall score along with the Rotterdam score for predic-
tion of prognosis.

We studied prognosis on the basis of the earliest radio-
graphic findings, thus requiring further long-term studies.

Indian Journal of Neurosurgery Vol. 9 No.3/2020 © 2020. Neurological Surgeons’ Society of India.



Table 3 Comparative Rotterdam score of adult and pediatric age groups from a previous study
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Sarkar et al (2014)* Current study

Rotterdam—score Adults Pediatrics p-Value Adults Pediatrics Total p-Value
(N=939) | (N=211)

1 46 37 0.001 129 45 174 0.008
2 378 202 <0.001 583 135 718 0.66
3 335 70 <0.001 131 23 154 0.28
4 52 15 0.322 45 4 49 0.09
5 22 7 0.756 32 0 32 0.013
6 00 0 19 4 23 0.87
Mean 2.22 1.99 <0.001
Standard deviation 0.857 0.746 1

Conclusion

We, thereby, conclude the immense predictive power of
the Rotterdam score for prognostication of head injury
patients and required action by healthcare personnel.
After TBI, both the age groups exhibit separate patterns
of intracranial injuries. The adult age group is more prone
to hemorrhage and midline shift, while the pediatric age
group is more prone to skull fracture and EDH which are
ultimately related to better prognosis. These differences in
pattern of injury may be attributed to the anatomical and
physiological parameters of both the age groups. Hence,
concluding that pediatric age group has better prognosis
in terms of survival as compared with adult head injury
patients. Thus, justifying the role of the Rotterdam CT
score in terms of providing prognosis of TBI patients,
clinical care, and further trial opportunities.
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