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ABSTRACT

Background: Traumatic brain injury is an injury that causes anatomical or functional damage to the
cranium, meninges and the brain. It is a major health challenge that causes increased mortality
among trauma patients. This creates the serious need to find ways of elucidating the seriousness
and prognostic possibility of every head injury patients. This study will help classify the patients in
such a way as to affect management and also predict outcome early in the treatment of patients
with traumatic head injury.

Aim of the Study: Aim of this study is to correlate the clinical assessment of head injury patients
with Glasgow Coma Scale (GCS) and CT findings as classified with Rotterdam scoring system.
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Subjects and Methods: This prospective study of 170 patients with head injury presenting for CT
scan, was carried out from October, 2017 to September, 2019, in the Radiology department of the
Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi. All stable patients that were
referred for head CT within this period were included in the study.

Prior to the commencement of the study, informed consent, relevant clinical history and necessary
physical examination are usually carried out on the patient or obtained from the care giver to
ascertain the level of consciousness by Glasgow coma scale. The GCS grading used was as
follows; a score of 3 - 8 (severe head injury), 9 - 12 (moderate head injury) and 13 - 15 (mild head
injury). Patients were scanned using a 4 slice/gantry rotation capacity CT (General Electric (GE),
HANGWEI MEDICAL SYSTEMS CO. LTD.

Data obtained from the study pro-forma and the cranial CT findings of subjects, was entered and
analysed using IBM SPSS (Statistical Package for Social Sciences), version 20.0. Armonk, NY,
U.S.A, 2011.

Results: A total of 170 patients were involved in the study which showed a high prevalence of
traumatic head injury. More males were involved than females and the predominant age in the
study is 21-30. There was a significant correlation between the GCS and the Rotterdam scoring
system.

Discussion: The findings that more males and the younger age group are more involved and that
the Rotterdam scores are good indicators of the outcome are similar to the findings in other studies.
Conclusion: This study showed that Rotterdam CT score system is a good prognostic tool in
patients with traumatic brain injury.

Keywords: Glasgow coma scale; Rotterdam score; head injury; association.

1. INTRODUCTION reported in literature to vary from one part of the
world to another partly because of variations in

Head injury refers to trauma to the head which infrastructure, civil violence, wars and crimes [9].

may or may not include injury to the brain [1]. It

can also be defined as any injury that causes 1.1 Aim and Objective

lesion or functional damage to the cranium,

meninges and brain [2]. Head injuries may be To note whether there is any association
closed or open injuries [3]. Trauma is the leading  petween Glasgow coma scale rating and head
cause of death amongst all age groups, with  computed tomography findings in patient with

head trauma being the cause of death in up to  traumatic brain injury using the Rotterdam CT
50% of cases and also accounting for most gcore.

cases of permanent disability after injury [4].

Thousands of patients are involved_annually with 1.2 Sub-Objective
young males mostly affected, likely due to
increased activity associated with this group [5-
6]. Common causes of head injury include road
traffic accidents (RTA), assaults, fall from height
and stab wounds [7]. In developing countries
such as Nigeria, accident rates in general and
traumatic brain injury in particular, are on the rise
because of the increasing traffic load,
motorcyc|es usage as the major means of A prOSpeCtive Study of 170 patients with head

transportation and the deplorable state of the injury presenting for CT scan, was carried out
roads [8]. over a 24 months period from October, 2017 to

September, 2019, in the Radiology department of
All the above findings coupled with the financial the Nnamdi Azikiwe University Teaching Hospital
incapacity to buy more modern vehicles with (NAUTH), Nnewi. All patients with head injury
protective devices and safety gadgets with the referred to our department for cranial CT scan
lack of strict implementation of traffic laws and over the study period were recruited. Patients
regulations account for the high prevalence of who were unstable or unable to cooperate with
head injury in developing countries [9]. The the examination were excluded. Relevant clinical
causes and pattern of head injuries have been history was obtained from the patient/relatives or

To suggest whether it could be used as a
prognostic tool to govern mode of treatment and
forestall unfavorable outcome.

2. MATERIALS AND METHODS
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care-givers. Physical examination of the patient
was done, to check level of consciousness by
means of Glasgow Coma Score (GCS), prior to
the commencement of the CT scan, in the
shortest possible time. The GCS grading used
was as follows; a score of 3 - 8 (severe head
injury), 9 - 12 (moderate head injury) and 13 - 15
(mild head injury) [9-10]. Patients were scanned
using a 4 slice/gantry rotation capacity CT
(General Electric (GE), HANGWEI MEDICAL
SYSTEMS CO. LTD.

With the patients positioned supine on the
table/couch, head first into the gantry, the
patients were strapped to reduce mobility. The
table height was adjusted such that the external
auditory meatus (EAM) was at the centre of the
gantry. Serial non-contrast, axial images
acquired at 5 mm intervals from just below the
skull base through the brain to just above the
vertex with the gantry angled parallel to the
supraorbital meatal line to avoid ocular lens [11].
Reformatted images in brain and bone window
were used for evaluation [12]. The CT numbers /
Hounsfield units of identified lesions were
measured to confirm lesion.

2.1 Data Analysis

Data obtained from the study pro-forma and the
cranial CT findings of subjects, was entered and
analysed using IBM SPSS (Statistical Package
for Social Sciences), version 20.0. Armonk, NY,
U.S.A, 2011. Analysis was done using simple
descriptive  statistics. Descriptive  statistics
(mean, median, mode, standard deviation and
percentages) was calculated for appropriate
variables. Pearson’s chi-square was used to
assess relationships and statistical significance
between categorical variables. P-values less
than 0.05 was considered statistically significant
(confidence level = 95%).

3. RESULTS

A total of 170 patients referred to the Radiology
Department of the NAUTH, Nnewi, on account of
head injury, were included in this study. This
showed a high prevalence of traumatic brain
injury (TBI) accounting for 44 per 100,000
persons. Males accounted for 77.6% of all head
injury cases while females accounted for 22.4%,
with an approximate male to female ratio of 3.5:
1 (Table 1). The mean age of the participants
was 34.31 + 21.08 years and their ages ranged
from 6 months to 90 years for males and from 6
months to 80 years for females (Table 1). The
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predominant age group affected was 21 — 30
years (23.5%)which was seen in males followed
by the 31 — 40 years age group (18.2%) also in
males. While the mean age in females was 0 -10
years (6.4%). The least common age range
affected was 81 — 90 years (1.7%) age, they
were all male (Table 1).Motor cycle road traffic
accident (MCRTA) was the most common
mechanism of head injury 72(42.3%), followed by
Motor vehicle road traffic accident (MVRTA) 30
(17.6%), other causes were pedestrian RTA 28
(16.5%), fall from height 22 (13%), assault/fight
12 (7.0%), gunshot injuries 3 (1.7%), missile
injuries i.e being hit by objects in motion 2 (1.1%)
and least common sports related injury 1 (0.6%)
(Table2). Motorcycle Road Traffic Accident
(MCRTA) was the most common mechanism of
head injury, in males 65 (38.2%)) while females
were 7 (4.1%).

Majority of the head injured patients (105) in this
study, had mild head injury which constituted
61.8% of the study population and a mild GCS
(13-15). Those with moderate head injury were
31with GCS 9-12 while severe head injury was
34 with GCS<8. Evaluating the severity of head
injury by the CT findings of the patients using
Rotterdam scoring system which is classified as
score of 1 (normal CT findings), score of 2 to 3
(low score) and score of 4 to 6 (high Rotterdam
score which is the worst /most severe CT
findings), 63 (37%) patients had normal score of
1, 51 (30%) patients had low Rotterdam score
and 56 (33%) patients had high Rotterdam score
(Table 3).

When patients were assessed using Rotterdam
score 1 62 (36.4%) had mild head injury (GCS
13-15) while 1 (0.6%) had moderate head injury
(GCS 9-12). Rotterdam score of 2-3 (low score)
showed 38 (22.3%) patients with mild head injury
(GCS of 13-15), 10((5.8%) with moderate head
injury (GCS 9-12) and 3 (1.7%) with severe head
injury (GCS score of <8). Rotterdam score of 4-6
(high score) showed 5(2.9%) patient with mild
head injury, 20 (11.8%) with moderate head
injury and 22(12.9%) with severe head injury.
The largest number of patients with mild head
injury and GCS score of 13-15 were seen in
Rotterdam score of 1 (62 patients) followed by
Rotterdam score 2-3 (low score) with 38patients.
Those with severe head injury with GCS <8 had
the lowest number of patients with Rotterdam
score 4-6 (22 patients). Those with Rotterdam
score 2-3 showed a greater mixture of patients in
mild, moderate and severe head injury with the
greatest proportion still seen in mild (38 patients),
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moderate (10 patients)
patients.

and severe only 3

Therefore there is statistically significant
correlation between GCS score and the

Rotterdam score. This means that there is
strong correlation between clinical findings/
features (evaluated by GCS) and CT findings
(evaluated by Rotterdam score) (p < 0.001,
Table 3).

Table 1. The age and gender distribution of the participants as well as the mean values of age
among male and female patients

Age group (years) Gender Total (%)
Male (%) Female (%)
0-10 19 (11.2) 11 (6.4) 30 (17.6)
11-20 9 (5.3) 2(1.1) 11 (6.4)
21-30 36 (21.1) 4(2.4) 40 (23.5)
31-40 26 (15.3) 5(2.9) 31(18.2)
41-50 16 (9.4) 5(2.9) 21 (12.3)
51-60 12 (7.1) 5 (2.9) 17 (10)
61-70 7 (4.1) 1 (0.6) 8 (4.7)
71-80 4 (2.4) 5(2.9) 9(5.3)
81-90 3.7 0 3.7
TOTAL 132 (77.6) 38 (22.4) 170 (100)
Age (years)
Mean + STD 34.04 £ 19.79 35.25 £ 25.32 34.31 £ 21.08
Minimum 0.5 0.5
Maximum 90 80

Table 2. Showing gender distribution of the mechanism of head injury

Causes of Head Injury  Gender Total (%)
Male (%) Female (%)

Motor cycle RTA 65 (38.2) 7(4.1) 72 (42.3)
Motor vehicle RTA 21 (12.3) 9 (5.3) 30 (17.6)
Pedestrian RTA 16 (9.4) 12(7.1) 28 (16.5)
Fall from height 16 (9.5) 6 (3.5) 22 (13.0)
Assault/fight 9 (5.3) 3(1.7) 12 (7.0)
Gunshot injury 2 (1.1 1(0.6) 3(1.7)
Missile injury 2 (1.1 0 2(1.1)
Sports related injury 1(0.6) 0 1(0.6)
TOTAL 132 (77.6) 38 (22.4) 170 (100)

Table 3. Relationship between severity of head injury evaluated clinically by Glasgow Coma
Score (GCS) and severity of head injury evaluated on CT imaging by Rotterdam score

Severity of Head Injury Severity of Head Injury using GCS Total (%)
using Rotterdam Score

Mild Moderate Severe
Score 1 62 (36.4) 1(0.6) 0 63(37.0)
Score 2 23 (13.5) 2(1.1) 1(0.6) 26(15.3)
Score 3 15 (8.8) 8(4.7) 2(1.1) 25(14.7)
Score 4 5(2.9) 16 (9.4) 6 (3.5) 27(15.8)
Score 5 0 4 (2.4) 16 (9.4) 20(11.7)
Score 6 0 0 9 (5.3) 9 (5.3)
TOTAL 105 (61.8) 31(18.2) 34 (20) 170(100)

x?= 165.81; df=10; p<0.001*
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Fig. 1. Bar chart showing severity of head injury in patients evaluated by Glasgow Coma score
(GCS) at presentation
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Fig. 2. Bar chart showing severity of head injury evaluated by Rotterdam score at presentation

4. DISCUSSION

Our study showed a significant association
between the clinical assessment of head
trauma patients as done by GCS and the CT
features as classified by Rotterdam scoring
system [13] (p<0.001 Table 3). The lower the
GCS the higher the Rotterdam score. This
agrees with findings in other studies that
Rotterdam CT score aids to predict the possibility
of mortality of a patient with head injury. Thus
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mortality is said to increase  with
increasing score. Rotterdam score 1-3 show
better outcome while 4-6 have decreasing
prognosis [14]. Glasgow coma scale evaluates
the patient’s clinical signs and it has been
appreciated that it has a correlation with the
immediate treatment and Rotterdam score.
Majority of the head injured patients (105) in this
study, had mild head injury which constituted
61.8% of the study population and a mild GCS
(13-15).
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This study showed that Rotterdam CT score is a
good prognostic tool as affirmed by Fujimoto et
al. [15] who also stated that periodic assessment
using Rotterdam can determine which patient
requires decompressive craniectomy. They
stated that Rotterdam CT scores were
significantly associated with mortality in both
initial and pre-operative outcome [15]. Charry et
al made use of Marshall classification, Rotterdam
CT score, IMPACT and CRASH models in its
evaluation. They compared all these prognostic
tools and found that IMPACT model showed
more accuracy than the other prognostic models
and had higher sensitivity in predicting a 6-month
mortality and 6-month unfavorable outcomes in
patients with TBI [16,17]. Khaki et al agreed that
Rotterdam CT score is a good prognostic tool
and in their study they compared multiple
prognostic models (Marshall classification,
Rotterdam scoring system, Helsinki CT score
and Stockholm CT score) and found Stockholm
CT score with the overall strongest relationship
when adding variables from the IMPACT base
model. They affirmed that it would be the method
of choice for continued research when using any
of the current CT score models available [18].
Huang et al agreed that Rotterdam CT score
remains an independent predictor of outcome
and so provides a great prognostic discriminator.
They also arrived at the same conclusion as this
study that it should be included as a
prognosticator in overall assessment of clinical
condition of TBI patients before decompressive
craniectomy [19]. Waqas et el also concluded
that Rotterdam CT score could be used as an
independent predictor of unfavorable outcomes
and mortality among patients undergoing
emergency decompressive craniectomy. This
study did not compare multiple prognostic tools
but concentrated on Rotterdam CT score and its
usefulness in decision making on mode of
treatment and consequently improving outcome
in TBI patients [20].

5. CONCLUSION

This research confirms the fact that Glasgow
Coma Score has a relationship with severity of
traumatic brain injury showing that the lower the
Glasgow coma score the greater the severity of
injury , while using the Rotterdam score , the
higher the Rotterdam score the greater the
severity of traumatic brain injury. It confirms
that Rotterdam CT score system is a good
prognostic tool in patients with traumatic brain
injury.
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6. LIMITATIONS
1. The study consisted of the head trauma
population referred for CT evaluation over
the study period, and may not be viewed
as completely representative of the larger
head trauma population in our environment
most of whom did not have CT evaluation
due to several factors such as financial
constraints

Patients with Diffuse axonal injury may
show normal CT findings unless the
injuries are larger than 1.5 cm in diameter
or when present in the corona radiata or
internal capsule

ETHICAL APPROVAL AND CONSENT

Ethical clearance was sort for and obtained from
the Ethical board of the Institution. Prior to onset
of examination, informed consent was obtained
from the patient (if properly cognitive) or next of
kin.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Anderson T, Heitger M, Macleod AD.
Concussion and mild head injury. Pract
Neuro. 2006;6:342-357.

Bordignon KC, Arruda WO. CT scan
findings in mild head trauma; a series of
2000 patients. Arg Neuro Psiquiatr. 2002;
60:204-210.

Asimor |, Basset BL, Bearmer PL, Bean
WB, Engley FB, Christensen JF,
Stedman’s medical dictionary. 23 ed.
Williams and Wilkins, Philadelphia.
1979;709.

Jennet B. Epidemiology of head injury. J
Neurol Neurosurg Psychiatry. 1996;60:
362-369.

Biegon A. Considering Biological Sex in
Traumatic Brain injury. Font, Neurol,
12:576366.

DOI: 10,389/fneur.2021.576366.

Frost RB, Farner TJ, Primosch M, Hedges
DW. Prevalence of Traumatic brain injury
in the general adult population: A meta-
analysis. Neuroepidemiology. 2013;40:
154-9.

DOI:10.1159/000343275.



10.

11.

12.

13.

14.

15.

Obieje et al.; J. Adv. Med. Pharm

Shiomi N, Echigo T. A guide to initial
management of minor head injury. No
Shinkei Geka. 2004;32:465 -470.

Chalya LP, Kanumba SE, Mabula BJ, Gliti
Gilyoma MJ. Aetiological spectrum injury
characteristics and treatment outcome of
head injury patients at Bugando Medical
centre in  North-Western  Tanzania,
Tanzania. J Health Res. 2011;13:93-102.
Emejulu KJC, Isiguzo CM, Agbasoga CE,
Ogbuagu CN. Traumatic brain injury in the
accident and emergency department of a
tertiary hospital in Nigeria. East Cent Afri J
Surg. 2010;15:28-38.

Ogbeide E, Isara AR, Cranial computed
tomography utilization in head trauma in a
Southern Nigerian tertiary hospital. Sahet
Med J. 2015;18:27-30.

Akanji AO, Akinola RA, Balogun BO,
Akano AO, Akalabi OM, Akinkunmi MAN,
et-al. Computerizes Tomography scan and
Head injury: The experience in a tertiary
Hospital in Nigeria: a cross sectional study.
Med Pract Rev. 2015;6:1-15.

Ohaegbulam SC, Mezue WC, Ndubuisi
CA, Erechukwu UA, Ani CO. Cranial
Computed Tomography scan findings in
Head Trauma patients in Enugu, Nigeria,
Surgical Neurol International. 2011;2:182.
Munakomi S, Bhattarai B, Srinivas B,
Cherian I. Role of computed tomography
scores and findings to predict early death
in patients with traumatic brain injury: A
reappraisal in a major tertiary care hospital
in Nepal., Surgical Neurology International.
2016;7:23

Ashrit RC, Suryanarayaa RV. Traumatic
Brain injury: Prognostic violence of various
coma scale, CT scores and their
comparison based on clinical outcome.
Galore International Journal of Health
Sciences and Research. July-Sept 2021;
6(3):26-30.

Fujimoto K, Miura M, Otsuka T, Kuratsu J.
Sequential changes in Rotterdam CT score
related to outcome for patients with

16.

17.

18.

19.

20.

. Sci., vol. 26, no. 5, pp. 59-65, 2024; Article no.JAMPS.115432

Traumatic Brain injury who undergo
decompressive craniectomy. J Neurosurg.
2016 Jun;124(6):1640-5.
DOI:10.3171/2015.4INS142760.Epub
20150ct 23. PMID:26495949

Charry JD, Falla JD, Ochoa JD,Pinzon MF,
Tejado JH, Henriquez MJ, Solaro JP,
Calvache C, External Validation of
Rotterdam Computed tomography score in
Prediction of Mortality in severe Traumatic
Brain injury. J Neurosci Rural Pract. 2017
Aug.8(Suppl 1):S23-S26.
DOI:10.4103/jnrp.jnrp_434_16.
PMID:28936067; PMCID:PMC5602255.
Charry JD,Navarro-Parra S, Solano J,
Mooroke-Salazar L, Pinzon MA, Tejada
JH. Outcomes of traumaticbrain injury: the
prognostic accuracy of various scores and
models. Neuro Neurochir Pol. 2019;53(1):
55-60.

DOI: 10. 5603/PJNNS.a2018.0003.Epub
2019 Feb 11. PMID: 30742300.

Khaki D. Hietanen V, Corell A, Herges AO,
Ljunggvist J. Selection of CT variables and
Prognostic models for outcome prediction
in patients with traumatic brain injury.
Scand J Trauma Resusc Emerg Med.
2021July 17;29(1):94.

DOI: 10.1186/s13049-021-00901-6. PMID:
34274009; PMC 8285829.

Huang YH, Deng YH, Lee TC, Chen WF.
Rotterdam computed tomography score as
a prognosticator in head injury patients
undergoing decompressive cranectomy.
Neurosurgery. 2012 Jul;71(1):90-5.
DOI:10.1227/NEU.0b013e3182517aal.
PMID:22382208

Wagas M, Shamim MS, Enam SF, Qadeer
M, Bakhshi SK, Patoli I, Ahmad K.
Predicting outcomes of decompressive
craniectomy: use of Rotterdam Computed
tomography Classification and Marshall
classification. Br J Neurosurg. 2016;30(2):
258-63.

DOI: 10. 3109/02688697. 2016.1139047.
Epub 2016 Feb 1.PMID: 26828246.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/115432

65



