[Downloaded free from http://www.nigerianjsurg.com on Thursday, May 18, 2017, IP: 165.255.213.249]

Original Article

Civilian Penetrating Gunshot Injury to the Neurocranium in Enugu

Department of Surgery,
Neurosurgery Unit,
University of Nigeria
Teaching Hospital,
2
Department of Community
Medicine, University of
Nigeria Teaching Hospital,
Ituku/Ozalla, 1Department of
Surgery, Memfys Hospital for
Neurosurgery, Enugu State,
Nigeria

Abstract
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Introduction: Civilian penetrating gunshot injuries to the neurocranium are no
longer uncommon in Nigeria. Such injuries are however poorly reported. They are
associated with poor outcome and, at close range, are frequently fatal, especially
when inflicted by high‑velocity weapons. Prompt transfer to neurosurgical service
and urgent intervention may improve outcome in those that are not mortally
wounded. Materials and Methods: Fifty‑two patients with civilian penetrating
gunshot wounds seen over a 10‑year period (2004–2014) at the University of Nigeria
Teaching Hospital and Memfys Hospital for Neurosurgery Enugu were reviewed
retrospectively, and their data were analyzed to evaluate factors that impacted on
outcome. Only patients with clinical and imaging evidence of cranial gunshot
injuries who reached hospital alive were included in the study. The overall mortality
and Glasgow outcome score were analyzed. Results: Fifty‑two patients with isolated
civilian penetrating gunshot wounds were identified (M:F = 7.7:1); mean (standard
deviation) age was 32.8 (11.9) years. There was a high correlation (0.983) between
the sex of the patients and the outcome. The overall mortality was 30.8%, whereas
the mortality for patients with postresuscitation Glasgow coma scale (GCS) score ≤8
was 57%, as against 12.9% in those in whom postresuscitation GCS was >8;
meaning that 87.1% of patients in whom postresuscitation GCS was >8 survived.
Thirty‑one patients (59.6%) had papillary abnormalities. Majority of patients with
monohemispheric lesions survived while all those with diencephalic, transventricular,
and posterior fossa involvement had 100% mortality. Conclusions: Admitting GCS
and bullet trajectory were predictive of outcome.
Keywords: Glasgow coma score, Glasgow outcome score, Penetrating gunshot
injury

Introduction

T

here has been a disturbing change in the trend
of civilian penetrating gunshot injuries to the
neurocranium in Nigeria in tune with global rise in
incidents of gunshot injuries.[1,2] Injuries result from
crushing and stretching of tissues with the nature of the
wound, thereof determined by both missile and tissue
characteristics.[3] Traditionally, the types of wounds
have been described as resulting from high‑velocity
(>2000 feet/s, or 615 m/s) or low‑velocity (<2000 feet/s)
missiles, with cavitation phenomenon apparent when
velocity exceeds 1000 feet/s (305 m/s).[4] These injuries
are often lethal with high early mortality that leaves
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no room for possible neurosurgical intervention.[5] The
reported civilian mortality rates from gunshot wounds
to the head (GSWH) in the literature range from 23%
to 92%, with those series on the lower end including a
number of cases without dural violation.[6] Gressot et al.
reported 19% favorable outcome defined as a 6‑month
Glasgow outcome scale (GOS) score of moderate
disability or good recovery and 29% poor outcome GOS
of persistent vegetative state or severe disability.[1]
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There appears to be a rising incidence of gunshot
injuries in Nigeria. Increased civil unrest, political
thuggery, armed robbery, police brutality, proliferation
of arms among others have been proposed as possible
reasons for the rising incidence in the Nigerian setting.[7]
At the moment, there is a paucity of published data on
civilian penetrating gunshot injury to the neurocranium
in Nigeria. It then became imperative that the patterns
and outcomes of management of this emerging cause of
significant morbidity and mortality are studied.
Experience in the military setting have been well
documented, but civilian pattern is believed to differ as
most result from low missile injuries.[8]

Materials and Methods
The available literature on gunshot injuries in Nigeria
was reviewed from a search of PubMed and African
Index Medicus and compared with data from recent
records of care for these patients in the University
of Nigeria Teaching Hospital and Memfys Hospital
for Neurosurgery Enugu between January 2004 and
June 2014. Patients’ case notes, operation notes, and
radiology records were retrieved and relevant clinical
and radiological data were extracted. Only patients who
had clinical and radiologic evidence of isolated civilian
penetrating injuries to the neurocranium who reached
hospital alive were included in the study. Those with
perforating gunshot injuries to the neurocranium were
excluded as are those with GSWH but without evidence
of calvarial breach. Furthermore, those with additional
gunshot injuries to other body regions and stab wounds
were excluded. All patients had brain computerized
tomography scan. None had magnetic resonance
imaging. Retrieved data were analyzed using Statistical
Package for the Social Sciences (SPSS) version 20.0 and
test of statistical significance done. The primary outcome
measure was the GOS.

ratio was 7.7:1. The mean age was 32.8 (±11.9) years.
Majority of the patients were in third and fourth decades
of life [Figure 1 and Table 1].
Table 1: Clinicodemographic profile of civilian
penetrating gunshot neurocranial injuries

Variable
Sex
Male
Female
Marital status
Single
Married
Missile ballistics
Low velocity
High velocity
Admission GCS
3‑8
9‑12
13‑15
Posttraumatic seizure
Present
Absent
Pupillary abnormality
Present
Absent
GCS: Glasgow coma scale

46 (88.5)
6 (11.5)
31 (59.6)
21 (40.4)
36 (69.2)
16 (30.8)
21 (40.4)
16 (30.8)
15 (28.8)
34 (65.4)
18 (34.6)
31 (59.6)
21 (40.4)

Table 2: Cranial computed tomography findings

Findings
Brain edema
Subarachnoid hemorrhage
Intraventricular hemorrhage
Pneumocephalus
Posterior fossa involvement
Single hemisphere involvement
Bi‑hemispheric involvement
Intracranial pellets

Results
A total of 52 patients met the inclusion criteria and were
managed over the period under review (88.5% were
males and 11.5% were females). The male to female

Frequency (%)

Unknown 13.5%

Frequency (%)
43 (86.3)
29 (55.8)
21 (40.4)
47 (90.4)
3 (5.8)
26 (50)
17 (32.4)
52 (100)

Attempted
Suicide 1.9%

Strayed Bullets
9.6%

20
15
Assault* 75%

10
5
0

≤ 10

11 to 20

21-30

31-40

Figure 1: Age distribution of patients
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41-50

51-60
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Figure 2: Etiology of penetrating gunshot injury to neurocranium
(*Armed robbery, cultists, terrorism)
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Table 3: Determinants of outcome after civilian penetrating gunshot injury to the neurocranium

Frequency (%)
GOS 1
Age
1‑10
2 (3.8)
0
11‑20
3 (5.8)
1
21‑30
19 (36.5)
4
31‑40
18 (34.6)
5
41‑50
4 (7.7)
2
51‑60
5 (9.6)
3
61‑70
1 (1.9)
1
Total
52 (100)
16
Sex
Male
46 (88.5)
14
Female
6 (11.5)
2
Total
52 (100)
16
Missile trajectory
Bihemispheric
17 (32.7)
7
Monohemispheric
26 (50.0)
2
Transventricular
2 (3.8)
2
Diencephalic
1 (1.9)
1
Posterior fossa
3 (5.8)
3
Subdural
3 (5.8)
1
Total
52 (100.0)
16
Treatment modality
Craniotomy
30 (57.7)
7
Craniectomy
3 (5.8)
0
Debridement
29 (55.8)
6
Conservative
22 (42.3)
8
Intervention interval
<24 h
17 (32.7)
3
24‑48 h
10 (19.2)
3
>48 h
3 (5.8)
1
None
22 (42.3)
9
Total
52 (100.0)
16
Seizure type
None
18 (34.6)
2
Immediate
4 (7.7)
2
Early
22 (42.3)
10
Late
8 (15.4)
2
Total
52 (100.0)
16
Ballistics
Low velocity
36 (69.2)
6
High velocity
16 (30.8)
10
Total
52 (100.0)
16
GCS at presentation
3‑8
21 (40.4)
12
>8
31 (59.6)
4
Total
52 (100.0)
16
GOS: Glasgow outcome scale, GCS: Glasgow coma scale

GOS 2

GOS 3

GOS 4

GOS 5

χ2

P

0
1
3
1
0
1
0
6

1
0
5
2
0
0
0
8

1
1
3
6
2
1
0
14

0
0
4
4
0
0
0
8

25.908

0.358

6
0
6

7
1
8

11
3
14

8
0
8

3.189

0.527

2
3
0
0
0
1
6

5
3
0
0
0
0
8

3
10
0
0
0
1
14

0
8
0
0
0
0
8

3
1
6
3

6
0
8
4

10
1
7
4

4
1
1
3

2
1
0
3
6

3
1
1
3
8

5
3
1
5
14

4
2
0
2
8

8.363

0.399

4
0
0
2
6

3
0
3
2
8

7
2
4
1
14

2
0
5
1
8

21.065

0.049

2
4
6

7
1
8

13
1
14

8
0
8

2
4
6

2
6
8

4
10
14

1
7
8

1.588

0.811

More patients had severe forms of injury with 40.4%
having postresuscitation Glasgow Coma Scale (GCS)
of ≤8. GCS was 9–12 in 30.8% and 13–15 in 28.8%.
Pupillary abnormalities were found in 31 patients (59.6%).

All patients had cranial computerized tomography (CT)
findings of intracranial pellets (100%), followed by
pneumocephalus (90.4%), brain edema (86.3%), and
subarachnoid hemorrhages (55.8%) [Table 2].
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Figure 3: Number of patients seen per year

kidnapping (21.3%), and police brutality (17.9%).[11]
Armed robbery attack has been reported as the most
common etiology in Abeokuta and Sokoto, Southwest
and Northwestern Nigeria, respectively.[7,12] It is
however worth noting that while suicidal tendencies are
commonly reported in the Western world, the pattern in
Nigeria is a deviation from that.
a

b

Figure 4: (a) Cranial computerized tomography scan (bone window)
showing intracranial pellets. (b) Cranial computerized tomography scan
(brain window) showing bullet trajectory

In 13.5% of cases, the circumstances surrounding
the gunshot injuries could not be verified [Figure 2].
Seventeen patients (32.4%) presented within 24 h of the
injury. Ten patients (19.2%) presented within 24–48 h,
and 3 (5.8%) presented after 48 h. Thirty patients (57.7%)
had a form of surgical intervention as part of their
management protocol. The remaining 22 patients (42.3%)
were managed conservatively [Table 3].

Discussion
Penetrating gunshot injury, the most lethal of all firearm
injuries is an emerging leading cause of death among
Nigerians. It has been reported to account for 7.2% of
gunshots in North‑Central Nigeria.[9] We found a male
preponderance, most of whom are in the third and fourth
decades of life consistent with other findings within
and outside Nigeria.[7,9,10] This depicts the potential
catastrophic sequel of these injuries as patients are in the
productive age group with far‑reaching consequences to
their families and the nation at large.
Majority of the injuries (75%) resulted from assault
involving activities such as armed robbery attack,
cultic rivalry, communal clashes, and terror raids.
Strayed bullets were the cause in 9.6% and attempted
suicide in 1.9%. The three most common causes of
gunshot injuries in an earlier review in the same region
as ours (Umuahia) were armed robbery (31.6%),
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We noticed a sharp rise in incidence with peaks in
2003 and 2014 [Figure 3], coinciding with election or
preelection periods. Similar findings have earlier been
documented.[7] The reason for this may not be unrelated
to the violence which characterized elections in this
part of the world. A focused study on this may further
elucidate this trend.
Only 19.2% of the study population presented to the
definitive caregivers within 24 h of the injury (80.8%
presented later than 24 h), and 32.7% had definitive
intervention within 24 h of presentation to our care. This
late presentation may account for some of the recorded
mortality. As with other forms of gunshot injuries, this
gap in emergency response services has been noted in
other studies.[13] Aggressive management with blood
products and hyperosmolar therapy was independently
associated with survival.[14] This stresses the need for
initiation of resuscitative measures early.
It was noteworthy that none of the patients opted for
discharge against medical advice. The probably perceived
danger when the neurocranium is involved precluded
patronage of nonorthodox care commonly observed in
the country with no patients leaving against medical
advice as often seen in gunshot to other body parts.[15,16]
The overall mortality in our study was 30.8%. This
is consistent with findings by Tsuei et al., who
documented overall mortality of 31.3%.[17] However, for
the subset of patients with postresuscitation GCS ≤8,
the mortality was as high as 57% as against 12.9%
in those, in whom postresuscitation GCS was >8.
The implication was that 87.1% of patients, in whom
postresuscitation GCS was >8 survived. It can then be
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inferred that the odds favored survival the higher the
postresuscitation GCS. As a corollary, mortality has
an inverse relationship with postresuscitation GCS.
Our study did not include mortality at the scene due to
nonavailability of data, but Wintemute et al. reported
27.7% mortality at the scene of the shooting and
84.6% on the day of the shooting for strayed bullets,
representing a higher case fatality ratio compared to
other forms of gunshot wounds.[18]

Appropriate neurosurgical care is critical and should
be made available nationwide in the wake of increased
gunshot injuries in Nigeria.

A significant association (χ2 = 20.475, P = 0.009) was
observed between the seizure type (P = 0.049) and
patient treatment outcome.

Conflicts of interest

We noted that majority of the patients who suffered
high‑velocity penetrating gunshot injuries succumbed
(10 out of 16 patients) or were left in persistent
vegetative state (4 out of 16 patients), with none having
a good outcome (GOS 5). Conversely, a good number
(8 out of 36) who sustained low‑velocity injuries were
able to make complete recovery (GOS 5).
With respect to missile trajectory, majority of the patients
with monohemispheric lesions survived whereas majority
of those with bihemispheric lesions died. Similarly, all the
patients with diencephalic, transventicular, and posterior
fossa trajectory had 100% mortality. Similar findings
have been reported in the literature to be associated
with poor outcome.[10,17,19] Figure 4a and 4b is a Cranial
computerized tomography scan showing intracranial
pellets and bullet trajectory of a typical patient with
penetrating gunshot injury to the neurocranium.
In terms of treatment protocol, majority of the patients
who had craniotomy survived with complete recovery,
mild disability, or severe disability, as opposed to the
conservatively managed group in whom majority died,
remained in vegetative state or with severe disability.
It follows from the foregoing and has been noted in
some studies that aggressive institution of appropriate
surgical measures should be considered in patients with
postresuscitation GCS >8 as it has been associated with
spectacular recoveries.[5,20]

There is a need to find out the mortality among those
who have died at scene to have a holistic grasp of the
burden of this condition.
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