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A B S T R A C T

Background: Current prognostic models for head injury were developed using data mostly from high income
countries. A more useful model may be obtained from predictors designed from data obtained from low and
middle income countries where trauma is said to be a neglected endemic condition.
Methods: This prospective study, after ethical and institutional clearance, examined 19 clinical and
Computerized Tomographic (CT) scan parameters of all head injured patients who met the study's inclusion
criteria. The significance of these parameters in predicting outcomes at 15 and 30 days post-injury using the
Glasgow Outcome Scale (GOS) and mortality/survival was statistically determined using Univariate and
Multivariate analysis.
Results: One hundred and fifty patients were prospectively recruited. The age range was 0.33 to 82 years. After
univariate analysis, the clinical parameters that were significantly predictive of outcomes were pupillary re-
sponse (p < 0.0001, 95% CI= 0.0653–0.3589), Glasgow Coma Score (p < 0.0001, 95%
CI=15.3340–199.6713) and Age (p= 0.008, 95% CI= 0.0446–0.6142). Among the CT scan parameters,
presence of multifocal contusions (p= 0.000), intracerebral haematoma (ICH) (p= 0.01), intraventricular
haematoma (IVH) (p=0.000), effacement of ventricles (p=0.004) and cisterns (p=0.000), midline shift
(p=0.012), and crowding of foramen magnum (p=0.026) were found to be significantly associated with poor
outcome. Multivariate analysis showed that GCS (p= 0.006, OR=12.8171, 95% CI= 2.1013–78.1779),
multifocal contusion (p= 0.01, OR=0.1908, 95% CI=0.0537–0.6773) and pupillary response (p= 0.046,
OR=0.2256, 95%CI=0.0445–1.1453) were retained as independent predictors associated with overall out-
come.
Conclusions: This study suggests that GCS, pupillary response and multifocal contusions may independently
predict outcome using GOS in head injury. A prediction model designed on these predictors needs to be con-
sidered and evaluated for this environment.

1. Introduction

Head injury affects about 10 million people yearly worldwide and

about 90% of these live in the low and middle-income countries[1–3],
Many clinicians believe that outcome prediction helps clinical

triage, resource allocation, diagnostic and therapeutic decisions, and
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counseling about outcome and expectation [4–8]. Two surveys of views
of neurosurgeons about usefulness of prediction of outcome in head
injury were note worthy; Barlow et al. showed that two-third of 59
neurosurgeons opined that computer prediction of outcome/prognostic
model would be more reliable than simple clinical judgment of an ex-
perienced clinician and Perel et al. reported that 67% of 60 neuro-
surgeons believed that a more accurate prognostic model would posi-
tively change the way they manage patient and counsel relatives about
prognosis [5,6].

Age was the most utilized predictor of outcome in head injury by
most studies according to the summary of 23 studies on predictors of
outcome from our review of literature (Table 1 and Fig. 1). Age ap-
peared to be more predictive of mortality/survival than functional
outcome. Most human studies did not find sex to be a good predictor of
outcomes as shown in Table 1 unlike reports from animal studies
[9–11]. It cannot be over emphasized that Glasgow Coma Score (GCS)
and pupillary response were predictors that are almost always sig-
nificant in most studies. Fig. 1 shows that 100% and 94% of studies that
assessed pupillary response and GCS respectively found them to be
statistically significant in predicting outcomes. The utility and sig-
nificance of the common clinical predictors by the studies we reviewed
were represented on Table 1 and Fig. 1.

Maas et al. [12,13] reported that some specific CT scan features
which include extradura haematoma, subdura haematoma, in-
tracerebral haematoma, ventricular effacement, basal cistern efface-
ment, intraventricular haemorrhage, subarachnoid haemorrhage and
midline shift were good predictors of outcome in head injury. They also
reported that these CT scan features are superior to Marshall classifi-
cation if used individually to predict outcome [12,13]. Other CT fea-
tures reported by other workers include multifocal contusions and

foramen magnum crowding.
Glasgow Outcome Score (GOS) is the most commonly used outcome

scale in head injury. Despite the fact that some workers reported that it
has lower sensitivity compare to some scales like Disability Rating Scale
(DRS), it is yet to have a replacement in terms of simplicity of use in the
clinical setting and investigating early acute predictors of overall out-
come [14,15]. It is still more widely used by most existing studies
compare to other scales/scores [14].

There is paucity of studies on prediction of outcomes in the low and
middle-income countries where head injury is said to be a neglected
endemic condition [16–18]. A systemic review by Perel et al. 16 re-
ported that existing prognostic models were found to have been de-
signed from inadequate samples of patients with poor methodological
qualities and many were rarely appropriately validated. They were not
presented in a user-friendly way and only few were developed from low
and middle income countries, where most trauma occurs [16]. This
study also found that 93% (n= 95) of studies reviewed were conducted
on population from high income countries, 5% (n=5) included po-
pulation from middle income countries and only 2% (n= 2) included
population from low income countries.

Systematic review and meta-analysis to make a multicentered con-
clusion on prediction of outcome in head injury that will be applicable
in all environments may be impossible if studies are not done in low
and middle income countries where trauma is endemic. There are
therefore scientific, medical and social needs for further studies of
predictors of outcome in head injury in this environment. The purpose
of this study is to determine which of the clinical and Computerize
Tomography (CT) Scan parameters are good predictors of outcome of
head injury at 15 and 30 days using Glasgow Outcome Score and
Mortality/Survival as outcome measurements. The clinical parameters
include age, sex, socioeconomic status, causes of injury, time before
presentation, pupillary response, Glasgow coma score and systolic
blood pressure while the CT Scan parameters include multifocal con-
tusions, extradura haematoma, subdura haematoma, intracerebral
haematoma, ventricular effacement, basal cistern effacement, foramen
magnum crowding, intraventricular haemorrhage, subarachnoid hae-
morrhage and midline shift.

Table 1
Review of predictors of outcome in head injury from previous studies.

Studies Pupils Age Sex GCS Cause CT TP SE BF AI

Pillai (2003) [7] – Sig NS Sig NS – –
Odebode (2004)

[29]
Sig Sig NS Sig

Combes (1996) [30] Sig Sig NS Sig NS
Adeolu (2010) [31] NS
Poon (2005) [32] Sig Sig
Signorini (1999)

[23]
Sig Sig Sig Sig NS NS

Klauber (1989) [33] Sig Sig NS Sig NS
Morrison (2004)

[34]
NS

Slewa-Younan
(2004) [11]

NS Sig

Andrews (2002) [35] Sig NS NS
Schreiber (2002)

[36]
Sig Sig NS Sig Sig NS

Bahloul (2004) [37] Sig Sig Sig Sig
Davis (2005) [38] Sig Sig Sig Sig
CRASH (2004) [17] Sig Sig Sig Sig Sig Sig Sig
Mosenthal (2002)

[39]
Sig

Narayan (1981) [24] Sig Sig Sig
Van Beek (2007)

[40]
Sig

Jennett (1976) [25] NS NS Sig Sig
Overgaard (1973)

[41]
Sig Sig

Rovelias (2004) [42] Sig Sig Sig Sig Sig
Cassidy (2003) [43] Sig Sig Sig
Lanno (2000) [21] Sig Sig Sig NS NS

“Sig” indicates that the author reported that the predictor was significantly
associated with outcome. “NS” means that the author reported that the pre-
dictor was not significantly associated with outcomes. TP indicates time before
presentation. SE indicates socioeconomic class. BF indicates biochemical fea-
tures. AI indicates associated injury. CT indicates cranial computed tomo-
graphic features.

Fig. 1. Pattern of Utility of the predictors and occurrence of predictor sig-
nificance among 23 studies reviewed in Table 1.
“Sig” indicates that the author reported that the predictor was significantly
associated with outcome.
“NS” indicates that the author reported that the predictor was not significantly
associated with outcomes.
TP indicates time before presentation.
SE indicates socioeconomic class.
BF indicates biochemical features.
AI indicates associated injury.
CT indicates cranial computed tomographic features.
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2. Methods

Ethical clearance was obtained from the institutional review board/
Ethics committee. The sample size was calculated as appropriate. The
patients were recruited from accident and emergency unit of the
University College Hospital, Ibadan, Nigeria which is one of the largest
centers for neuro-trauma care in Nigeria. These cases were recruited
and managed according to the protocol in our department and as shown
in the flow chart in Fig. 2. The clinical and CT scan parameters were
prospectively extracted from the patients' clinical, biochemical and
radiological reports made by the authors of this study.

2.1. Inclusion/exclusion criteria

All patients with traumatic brain injury were included. Exclusion
criteria include patients with history of alcohol intoxication, patients
who have met criteria for brainstem death after resuscitation and those
who survived but were not accessible for evaluation at one month.

2.2. Definition of parameters

The pupillary response was categorized into bilateral reactive pupils
and one reactive/no reactive pupil. GCS was categorized into mild (GCS

Fig. 2. Flow chart of protocol for managing head injury in this study.

A.A. Oremakinde et al. Interdisciplinary Neurosurgery 15 (2019) 89–97

91



13 to 15), moderate (GCS 9 to 12) and severe (GCS3 to 8).
Socioeconomic classification was based on the National Statistics Socio-
economic Classification (NS-SEC rebased on the SOC2010). For the sake
of analysis it was categorized into Higher, intermediate and lower class.
Higher class was defined as the higher managerial, administrative and
professional occupation. Intermediate class was defined as the inter-
mediate occupations and small employers and own account workers.
Lower class was defined as the routine/manual occupation and the
unemployed [19]. The normal systolic blood pressure was defined as
systolic blood pressure between 100 and 140mmHg while abnormal
systolic pressure was defined as systolic blood pressure below
100mmHg and above 140mmHg. Multifocal contusions was defined as
the presence of multiple petechial haemorrhages in the brain and this
was categorized as present or absent depending on whether it is seen or
not seen on CT scan respectively. Intracerebral haematoma (ICH) was
defined as the presence of frank haemorrhage in the brain parenchyma
and this was categorized as present or absent. Intraventricular haema-
toma (IVH) was defined as the presence of blood in the ventricular
system and this was categorized as present or absent. Midline shift was
defined as the migration of the midline to one side and this was cate-
gorized as present or absent. Ventricular status was categorized as ef-
faced or not effaced. Ventricular effacement was defined as the ob-
literation of the lateral ventricle. Basal cistern status was categorized as
effaced or not effaced. Basal cistern effacement was defined as the
obliteration of the cisterns around the brainstem. Foramen magnum
status was categorized as crowded or not crowded depending on whe-
ther the anatomical separation of the content of the foramen magnum
was distinct or not.

2.3. Outcome measurement/follow-up

The outcome of management was measured at 15 and 30 days after
trauma using Glasgow Outcome Scale (GOS) (as the over-all outcome)
and mortality/survival (as the other outcome dicotomy). The over-all
outcome was categorized into two for the purpose of analysis i.e. good
outcome {Good recovery (GOS 5) and moderate disability (GOS 4)}
and poor outcome {Severe disability (GOS 3), persistent vegetative
(GOS2) and death (GOS1)}. The follow-up was done at 15 and 30 days
after trauma in the hospital ward and the out-patient clinic depending
on whether the patient has been discharged at the time follow-up was
due or not.

2.4. Data analysis

The data collected from the study was analysed by Univariate
analysis to estimate the relationship between a single predictor and
outcome using odds ratio, confidence interval, Chi2 test and Receiver
operative curve (ROC)with level of significance set at p=0.05. The
significant predictors from univariate analysis were subjected to
Multivariate analysis to determine the prognostic value of these pre-
dictors after adjusting for confounding effects of other predictors using
logistic regression procedure. The analysis was performed with the use
of Stata corp. Inc. Version 10 and SPSS Inc. Version 17 as statistical
environment.

Table 2
Univariate analysis of Clinical predictors against Glasgow Outcome Score (GOS).

Predictors At 15 days At 30 days

Poor outcome Good outcome p value/OR/95% CI Poor outcome Good outcome p value/OR/95% CI

Age 0.138/0.4882/0.1546–1.5418 0.065/0.3116/0.0961–1.0106
<39 26(26.8%) 71 18(18.9%) 77(81.1%)
40–59 6(16.2%) 31(83.8%) 5(13.9%) 31(86.1%)
≥60 6(42.9%) 8(57.1%) 6(42.9%) 8(57.1%)

Sex 0.162/0.53/0.1862–1.4924 0.238/0.5661/0.1808–1.7733
Female 5(16.7%) 25(83.3%) 4(13.3%) 26(86.7%)
Male 33(27.5%) 87(72.5%) 25(21.4%) 92(78.6%)

Time Before presentation (TBP)a 0.123/−/− 0.163/−/−
<3h 0(0%) 7(100%) 0(0%) 7(100%)
>3 h 30(26.8%) 82(73.2%) 26(23.6%) 84(76.4%)

Glasgow Coma Score 0.000/55.3333/15.33409–199.6713 0.000/42.5/10.4582–172.7107
≤8 20(76.9%) 6(23.1%) 15(60%) 10(40%)
9–12 13(36.1%) 23(63.9%) 11(32.4%) 23(67.6%)
13–15 5(5.7%) 83(94.3%) 3(3.4%) 85(96.6%)

Pupillary reaction 0.000/0.1531/0.6530–0.3589 0.000/0.1948/0.0802–0.4729
Both reactive 16(15.4%) 88(84.6%) 13(12.7%) 89(8ll7.3%)
One/none reactive 19(54.3%) 16(45.7%) 15(42.9%) 20(57.1%)

Cause of injury 0.332/2.077/0.740–5.826 0.082/0.3546/0.1214–1.0357
Motor vehicle accident 13(22.4%) 45(77.6%) 10(17.5%) 47(82.5%)
Motorcycle accident 13(23.6%) 42(76.4%) 9(16.7%) 45(83.3%)
Other causesb 9(37.5%) 15(62.5%) 9(37.5%) 15(62.5%)

Socioeconomic Status 0.055/0.25/0.0595–1.0494 0.106/1.7027/0.3150–9.2050
Higher class 3(12.5%) 21(87.5%) 2(8.7%) 21(91.3%)
Intermediate class 24(33.8%) 47(66.2%) 18(26.1%) 51(73.9%)
Lower class 8(18.6%) 35(81.4%) 6(14%) 21(91.3%)

Other Injuries 0.398/0.821/0.361–1.870 0.500/0.363/2.225
Present 16(25.8%) 46(74.2%) 12(19.4%) 50(80.6%)
Absent 14(22.2%) 49(77.8%) 11(17.7%) 51(82.3%)

Systolic blood pressure(SBP) 0.018/0.3746/0.1627–0.8625 0.068/0.4521/0.1840–1.1109
Normal 19(21.1%) 71(78.9%) 16(17.8%) 74(82.2%)
Abnormal (low or high) 15(41.7%) 21(58.3%) 11(32.4%) 23(67.6%)

The significant predictors and their p-values are in red colour.
a The odd ratio (OR) and confidence interval (CI) cannot be computed for “time before presentation” because the value of some of the variables is 0.
b Other causes of head injury include falls, assault and gunshot.
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3. Results

3.1. Demographic characteristic of the study population

A total number of 150 patients were recruited into the study. The
age range was 4months to 85 years (mean ± SD was
35.54 ± 17.42 years). The male to female ratio was 4:1. More cases of
head injury were seen in the intermediate class (51%) and lower class
(32%) groups the higher class (17%). There was no case seen in the
upper class group. Motor vehicle and motorcycle accidents were the
most common causes of head injury in this study with incidence of
38.9% and 34.5% respectively. Most patients (90.3%) presented after
3 h of injury.

3.2. Result of univariate analysis using GOS as measurement of outcome

3.2.1. Clinical predictors
Glasgow coma score (p=0.000), pupillary response (p= 0.000),

and Systolic Blood Pressure (SBP) (p=0.018) were the clinical para-
meters associated with 15 day outcome as shown in Table 2 while GCS
and pupillary response were associated with 30 day outcome as shown
in Table 2. This also means that significantly higher proportion of pa-
tients with mild/moderate head injury and presence of bilateral re-
active pupils had good outcome while significantly higher proportion of
patients with severe head injury and unilateral or bilateral unreactive
pupils had poor outcome as shown in Table 2. Higher proportion of
patients with normal systolic blood pressure had good outcome while
higher proportion of patients with abnormal SBP had poor outcome as
shown in Table 2.

3.2.2. Radiological predictors
Multifocal contusions (p=0.000), intracerebral haematoma (ICH)

(p=0.01), intraventricular haematoma (IVH) (p=0.000), midline
shift (p= 0.012), ventricular status (p=0.004), basal cistern status
(0.000) and foramen magnum status (FM) (p= 0.026) were the radi-
ological predictors which were associated with 15 day outcome as
shown in Table 3. These radiological features except ICH and FM were
also significantly associated with 30 day outcome as shown in Table 3.
This also means that significantly high proportion of patients with the
absence of any of IVH, ICH, multifocal contusion, midline shift, effa-
cement of ventricle or cistern and crowded foramen magnum had good
outcome while significantly higher proportion of patients with presence
of any of these parameters had poor outcome as shown in Table 3.
Extradura (EDH), Subdural (SDH) and Subarachnoid (SAH) were not
significantly associated with outcome (GOS).

3.3. Results of univariate analysis using survival/mortality as measurement
of outcome

GCS (p=0.000), pupillary response (p= 0.001), and ventricular
status (p= 0.033) and basal cistern status (p=0.03) had good corre-
lation with both 15 day mortality/survival while Age (p= 0.008), GCS
(p=0.000), pupillary response (p=0.001), and Basal cistern status
(p=0.007) were associated with 30 day mortality/survival as shown in
Table 4.

When age was analysed as a continuous variable using receiver
operating curve which is a plot of the sensitivity and 1minus specificity
in an association between increasing age and mortality as shown in
Figs. 3 and 4, increasing age was found to have a significant correlation
with mortality (p= 0.044, 95% CI=0.533–0.805 at 15th day and
p=0.027, 95% CI=0.548–0.826 at 30th day of follow up). The area
under the curve (AUC) was 0.669 for 15 days and 0.687 for 30 days of
follow up. The age with the highest sensitivity and specificity most
predictive of mortality was approximately 40 years. This was the point
at which age discriminated most against mortality.

3.4. Results of multivariate analysis using GOS as measurement of outcome

After multivariate analysis with GOS as outcome measure; GCS,
pupillary response and multifocal contusions (MC) retained their high
level of significance out of the 10 variables which passed univariate
analysis as shown in Table 5.

3.5. Results of multivariate analysis using survival/mortality as
measurement of outcome

None of the parameters which were significant associated with
outcome following univariate analysis when survival/morbidity was
used as an outcome measure was significantly associated with outcome
following multivariate analysis. This means that none of the clinical and
radiological parameters are independent predictors of mortality/sur-
vival.

4. Discussion

The strong association of pupillary response to outcome demon-
strated after univariate analysis in this study was similar to what was
reported by several authors as shown by our literature review in
Table 1. This relationship is graphically demonstrated in Fig. 5. The
multivariate analysis also showed that pupillary response can be an
independent predictor in this environment. This is like the findings in
high income countries as alluded to by Perel et al. In his systemic re-
view of prognostic models in head injury, he reported that pupillary
response was the third most commonly used independent predictor
(26%) in the 53 prognostic models he reviewed which are mostly from
high income countries [16].

GCS was found to be highly correlated with outcome in a similar
magnitude to what was reported by authors of previous studies as
shown in Table 1. The relationship of GCS to outcomes (GOS) is gra-
phically depicts in Fig. 6. The multivariate analysis showed that GCS
can be used as an independent predictor in a prediction model in this
environment. GCS has been widely used by most common prognosis
model in the high income countries as reported by Perel et al. He re-
ported that GCS was the most commonly used predictors (50%) of the
53 prognostic model he reviewed [16].

CT scan features were found to be as important as the clinical pre-
dictors. Univariate analysis showed that absence of multifocal contu-
sions, midline shift, basa cistern effacement, ventricular effacement,
intraventricular haemorrhage, intracerebral haematoma and crowded
foramen magnum were associated with good outcome (GOS). This is
consistent with what was reported by Mass et al. and other studies as
shown on Table 1 [12,13]. However, out of the aforementioned CT
features which passed univariate analysis only multifocal contusion
passed multivariate analysis and thus can independently predict out-
come (GOS) in this study at both 15th and 30th day of follow up. Fig. 7
shows the relationship of multifocal contusion to outcome (GOS). This
is a unique finding because only one study out of the studies reviewed
found brain contusion to be significantly associated with outcome and
thus included it in constructing a model [20] while most studies found
midline shift, status of basal cisterns and presence of mass lesion to be
independent predictors [21–23].

Age only showed association with survival/mortality when analysed
as a discrete variable with young and middle aged having significant
association with survival on univariate analysis similar to some studies
carried out in the high income countries as shown in Table 1. This as-
sociation was retained when age was analysed as a continuous variable
using Receiver Operation Characteristic (ROC) curve in a similar
manner to previous studies [ 24–26]. It shows that mortality increases
with age and the highest sensitivity and specificity most predictive of
mortality was approximately 40 years in our environment as shown in
Figs. 3 and 4. This was the point at which age discriminated most
against mortality. This shows that patients above 40 years of age have
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high mortality compared with younger age group. However, age was
not found to be significantly associated with functional outcome (GOS)
in this study. This was consistent with only one study which is the study
by Jennett et al. [23]. Most other studies from high income countries
reviewed (89% of the studies reviewed) reported significant association
of age to GOS unlike our study and Jennett et al. study [16]. The

systemic review of Perel et al. also showed that age was the second
commonest predictor (46%) utilized by the 53 prediction model re-
viwed [16]. This unique finding in this environment, which means that
outcome of head injury based on GOS is not different between the old
and the young, may be difficult to discuss. Does this mean that the
biological characteristic of the brain of an elderly in this environment is

Table 3
Univariate analysis of Radiological predictors against Glasgow Outcome Score (GOS).

Predictors At 15 days At 30 days

Poor outcome Good outcome p value/OR/95% CI Poor outcome Good outcome p value/OR/95% CI

Multifocal contusions 0.000/0.2006/0.0837–0.4806 0.000/0.1474/0.0532–0.4080
Present 24(48%) 26(52%) 20(41.7%) 28(58.3%)
Absent 10(15.6%) 54(84.4%) 6(9.5%) 57(90.5%)

Haemorrhagic mass
Extradural haematoma 0.287/0.5652/0.2075–1.5392 0.536/1.1620/0.3492–3.8662
Present 8(40%) 12(60.0%) 4(21.1%) 15(78.9%)
Absent 26(27.4%) 69(72.6%) 22(23.7%) 71(76.3%)

Subdural haematoma 0.095/0.3858/0.1407–1.0581 0.123/0.3929/0.1344–1.1484
Present 9(47.4%) 10(52.6%) 7(38.9%) 11(61.1%)
Absent 25(25.8%) 72(74.2%) 19(20%) 76(80%)

Intracerebral haematoma 0.010/0.1247/0.0358–0.4338 0.150/0.432/0.127–1.467
Present 10(71.4%) 77(76.2%) 21(21.2%) 78(78.8%)
Absent 24(23) 4(28.6%) 5(38.5%) 8(61.5%)

Ventricles status 0.004/0.2857/0.1218–0.6700 0.004/0.2597/0.1036–0.6512
Non-effaced 17(21.3%) 63(78.8%) 12(15.4%) 66(84.6%)
Effaced 17(48.6%) 18(51.4%) 14(41.2%) 20(58.8%)

Basal cisterns status 0.000/0.0923/0.0234–0.3629 0.000/0.0921/0.0254–0.3342
Non-effaced 24(23.5%) 78(76.5%) 17(17.2%) 82(82.8%)
Effaced 10(76.9%) 3(23.1%) 9(69.2%) 4(30.8%)

Foramen magnum 0.026/0.0938/0.0101–0.8728 0.081/0.1825/0.0288–1.1582
Not crowded 30(27.3%) 80(72.7%) 23(21.5%) 84(78.5%)
Crowded 4(80%) 1(20%) 3(60%) 2(40%)

Intraventricular haemorrhagea 0.000/−/− 0.000/−/−
Absent 29(26.4%) 81(73.6%) 21(19.6%) 86(80.4%)
Present 5(100%) 0(0%) 5(100%) 0(0%)

Subarachnoid haemorrhage 0.249/0.486/0.122–1.943 0.352/0.579/0.134–2.505
Absent 28(28.0%) 72(72.0%) 22(22.4%) 76(77.6%)
Present 4(44.4%) 5(55.6%) 3(33.3%) 6(66.7%)

Midline shift 0.012/0.2857/0.1218–0.6700 0.004/0.2359/0.0885–0.6288
Absent 23(24.7%) 70(75.35) 16(17.8%) 74(82.2%)
Present 12(52.2%) 11(47.85) 11(47.8%) 12(52.2%)

The significant predictors and their p-values are in red colour.
a The odd ratio (OR) and confidence interval (CI) cannot be computed for “intraventricular haemorrhage” because the value of some of the variables is 0.

Table 4
Univariate analysis of all predictors against survival/death.

Variable At 15 days At 30 days

p value Odd ratio 95% CI p value Odd ratio 95% CI

Age 0.032 0.2247 0.0573–0.8814 0.008 0.1655 0.0446–0.6142
Sex 0.153 0.2610 0.0330–2.0689 0.323 0.5255 0.1127–2.4497
Time before presentationa 0.435 0.372
GCS 0.000 0.052 0.010–0.269 0.000 0.044 0.009–0.223
Pupillary response 0.001 0.1459 0.0450–0.4727 0.001 0.1125 0.0357–0.3543
Systolic blood pressure 0.301 0.5556 0.1822–1.6937 0.713 0.8076 0.2584–2.5241
Cause of injury 0.515 2.120 0.517–8.699 0.317 0.4471 0.1220–1.6379
Socioeconomic class 0.479 2.3590 0.2484–22.4054 0.582 2.8947 0.3175–26.3957
Other injuries 0.382 0.677 0.203–2.261 0.401 0.723 0.235–2.222
Multifocal contusion 0.223 0.5206 0.1548–1.7511 0.298 0.6165 0.1929–1.9706
Midline shift 0.238 0.5089 0.1417–1.8280 0.123 0.4000 0.1197–1.3369
SDH 0.378 2.3023 0.2793–18.9751 0.658 1.0476 0.2118–5.1820
EDH 0.342 2.4881 0.3026–20.4568 0.309 2.6667 0.3256–21.8409
SAH 0.643 0.720 1.116 0.128–9.726
IVH 0.430 0.4444 0.0455–4.3370 0.467 0.5053 0.0521–4.9008
ICH 0.162 0.3587 0.0843–1.5269 0.175 0.3745 0.0882–1.5908
Ventricle 0.033 0.2666 0.0782 0.054 0.3214 0.0991–1.0426
Basal cistern 0.030 0.1915 0.0481–0.7622 0.007 0.1407 0.0372–0.5322
Foramen magnum 0.430 0.4444 0.455–4.3370 0.102 0.1719 0.0258–1.1432

The significant predictors and their p-values are in red colour.
a The odd ratio (OR) and confidence interval (CI) cannot be computed for “time before presentation and SAH” because the value of some of the variables is 0.
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not different from the young? Or can we hypothesized that the pre-
viously described changes in intracranial dynamics and biological
characteristics thought to have influenced functional outcome is dif-
ferent in the elderly in our environment compared to the developed
countries. This finding may need further study to verify the consistency

Fig. 3. ROC curve of age vs mortality at 30 days.

Fig. 4. ROC curve of age vs mortality at 15 days.

Table 5
Multivariate analysis (with GOS as measurement of outcome).

Predictors At 15 days At 30 days

p value Odd ratio 95% CI p value Odd ratio 95% CI

Glasgow coma score 0.002 36.6981 4.0308–334.1155 0.020 12.8171 2.1013–78.1779
Pupillary reaction 0.046 0.2257 0.0444–1.1453 0.174 0.5402 0.1471–1.9831
Systolic blood pressure 0.893 0.6788 0.1742–2.6444 0.065 0.978 0.956–1.001
Multifocal contusion 0.036 0.1744 0.0386–0.7878 0.027 0.1908 0.0537–0.6773
Midline shift 0.844 0.7823 0.0605–10.1123 0.640 1.0442 0.1214–8.9784
Basal cistern status 0.170 0.1522 0.0118–1.9646 0.371 0.2616 0.03160–2.1658
Ventricular status 0.927 0.8781 0.1500–5.1418 0.888 0.7902 0.1414–4.4161
Intraventricular haemorrhagea 0.999 – – 0.999 – –
Intracerebral haematoma 0.61 0.0457 0.0055–0.3792 0.097 0.298 0.071–1.245
Foramen magnum 0.179 8.6323 0.2596–287.0372 0.275 0.313 0.039–2.518

a The odd ratio(OR) and confidence interval(CI) cannot be computed for “intraventricular haemorrhage” because the value of some of the variables is 0.

Fig. 5. Relationship of proportion of patients' pupillary response to outcome
(GOS).

Fig. 6. Relationship of patients' (GCS) to outcome (GOS).

Fig. 7. Relationship of proportion of patients with multifocal contusions to
outcome (GOS).
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of this unique finding in this environment.
An important observation is the fact that the predictors (Age, GCS,

pupillary response, and status of the ventricle and basal cisterns) who
passed univariate analysis with survival/death as the outcome measure
did not pass multivariate analysis which may suggest that these pre-
dictors may not be suitable for use in models design for predicting
survival/death.

Other factors like Sex, Time before presentation, Causes of injury,
Socioeconomic class and Presence of other associated injuries were
found not to be significantly associated with outcomes in this study.
88.9% of the 10 studies reviewed reported that sex was not significantly
associated with outcomes in head injury as shown in Table 1 which is
consistent with our study. But animal studies have contradictory views.
They reported that sex was associated with outcome and that female sex
hormones might be neuroprotective [9–11]. It is also against our ex-
pectation that “Time to presentation” does not affect outcome despite
the fact that there is low emergency preparedness and response in this
environment leading to delayed transportation from the accident scene
as shown by over 94% of the patients in this study presenting to the
hospital > 3 h after injury which is unlikely to happen in the developed
world.

4.1. Limitations of the study

Follow up period in this study was 30 days because most patients in
this environment do not usually return for follow up beyond this period
and there is high financial and logistic implications associated with
health practitioners going to their homes for follow up.

5. Conclusion

This study suggests that Glasgow coma score, pupillary response
and multifocal contusion which were associated with outcomes like
other predictors on univariate analysis were found to be independent
predictors of 30 day outcomes on multivariate analysis. These pre-
dictors could be useful in prognosis prediction model for our environ-
ment. This study also suggests that these independent predictors are
better used as predictors of functional outcome rather than survival/
death. It appears there is close relationship in the distribution and ex-
tent to which these predictors were associated with outcomes between
our environment and the high income countries with some few unique
findings, however this needs to be subjected to further studies.
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