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Conclusions  In CGWs, dural penetration and progno-
sis can be predicted by physical examination findings and 
patient characteristics on initial admission.
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Introduction

Once prevalent in regions of military conflict, cranial gun-
shot wounds (CGWs) are now increasingly common even 
in the absence of military clashes, especially affecting 
civilians living in developing countries [1, 2]. Penetrating 
brain injuries differ from blunt brain injuries primarily by 
the presence of dural perforation [3]. Despite technological 
advances, mortality and morbidity of CGWs remain sub-
stantially high [4, 5].

Our literature scan identified many studies on mortality, 
complications, and treatment approaches, as well as find-
ings of admission physical examination, computed tomog-
raphy (CT), and patient history in CGWs. However, there 
were no studies investigating in detail the impact on initial 
admission findings on dural penetration and prognosis in 
the emergency department [6–8].

The aim of the present study was to explore the impact 
of admission physical examination, anamnesis, and com-
puted tomography on dural penetration and prognosis in 
patients with CGWs.

Patients and methods

This study retrospectively analyzed medical data of 56 suc-
cessively enrolled patients with CGWs between January 
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2011 and December 2013. Patients were consecutively 
taken into the study. They were brought to the emergency 
department by paramedics via ambulance. All patients were 
examined in the emergency department; they were resus-
citated in accordance with the ATLS (Advanced Trauma 
Life Support) program, and diagnostic and therapeutic pro-
cedures were performed in line with the available proto-
cols. All patients underwent cranial tomography; they also 
received tetanus prophylaxis and antibiotic treatment, but 
no seizure prophylaxis. The neurosurgery department oper-
ated on patients with a large hematoma, although patients 
with a Glasgow Coma Score (GCS) of 3 and fixed pupils 
were not operated on, as were those without a large hema-
toma. Detailed trauma information was obtained from 
patients, patient relatives, or paramedics. Patients with 
missing medical information, patients injured by bomb, 
mine, or dynamite explosions, and patients who had died 
by the time of admission were excluded from the study. 
Bullet and pellet were selected among CGWs.

Type of injury incident (suicidal vs non-suicidal), pupil 
diameter and light reflex, hemodynamic status, type (bullet 
or pellet), velocity, and trajectory of foreign material, dural 
penetration, additional organ injury, and complications 
were analyzed. Trauma scores analyzed in the study were 
GCS, Revised Trauma Score (RTS), Injury Severity Score 
(ISS), Trauma Score-Injury Severity Score (TRISS). Bilo-
bar, multilobar, and bihemispheric involvement of brain 
parenchyma, intracranial hemorrhage, epidural hematoma 
(EDH), subdural hematoma (SDH), subarachnoid hem-
orrhage (SAH), ventricular hemorrhage, pneumocepha-
lus, fracture, shift, and edema constituted the CT findings 
examined. Factors affecting dural penetration and death 
were explored.

Statistical analyses were performed with SPSS 18.0 for 
Windows statistical package program. Numerical data were 
expressed as mean ± standard deviation (SD), and categor-
ical data were presented as number and percentage (%). 
Normality of data distribution was tested, and normally 
distributed data were compared using independent t test 
between two independent groups, while the non-normally 
distributed data were compared with Mann–Whitney U 
test between two independent groups. Qualitative variables 
were compared using Chi Square test (χ2). The hypotheses 
were tested two sided, with a p value of <0.05 being con-
sidered as statistically significant.

Results

A total of 145,282 patients were admitted to the emer-
gency department of Dicle University Hospital during 
the study period between January 2011 and December 
2013. Of these, 22,701 were trauma victims, of whom 

837 suffered gunshot wounds. The total number of CGW 
cases was 56. The mean age of the study population was 
24.8 ±  13.50  years (range 4–66  years) and 43 (76.8  %) 
patients were male, while 13 (23.2  %) patients were 
female. The average GCS was 11.96 ± 4.62. The clinical 
and demographic properties of the study population are 
presented in Table 1.

Thirty (53.6  %) patients had penetrating injuries and 
26 (46.4  %) had non-penetrating injuries. Suicidal injury, 
pupil diameter and light reflex, bullet as the foreign mate-
rial, and high velocity and lateral trajectory of foreign 
material significantly affected dural penetration (p < 0.05). 
GCS, RTS, ISS, and TRISS also significantly affected dural 
penetration (p < 0.05). The factors affecting dural penetra-
tion ae shown in Table 2.

Nine (16.1 %) patients died and 47 (83.9 %) survived in 
our study. Factors affecting mortality are shown in Table 1. 
Suicidal injury, anisocoric pupils, and unstable hemody-
namics significantly affected mortality (p  <  0.05). Bullet 
as the foreign material, high velocity, lateral trajectory of 
foreign material, and dural penetration also significantly 
affected mortality (p  <  0.05). Similarly, bilobar, multilo-
bar, or bihemispheric involvement had a significant effect 
on mortality (p  <  0.05), as did intracranial hemorrhage, 
SAH, ventricular hemorrhage, fracture, shift, and edema 
(p < 0.05). A GCS equal to or lower than 8, as well as RTS, 
ISS, and TRISS scores significantly affected mortality 
(p < 0.05).

Discussion

Despite having a lower incidence among head traumas, 
CGWs continue to have a special place due to their worse 
prognosis and high mortality regardless of technological 
advances.

CGWs can be categorized into three types: perforat-
ing, penetrating, and superficial injuries [9]. In penetrat-
ing brain injuries, perforation of the dura mater is the main 
pathophysiological mechanism [3]. Compared to non-pen-
etrating injuries, penetrating injuries are known to be asso-
ciated with a worse prognosis and higher mortality [9]. 
Our study explored factors affecting mortality (Table  2) 
and found that dural penetration significantly affected 
mortality.

The mortality rate of CGWs range between 12 and 93 % 
[4, 5, 10]. Our study showed a mortality rate that was con-
sistent with and at the lower boundary of the previously 
reported range. This may be due to nearly half of our study 
population being composed of non-penetrating cases.

Previous studies have reported a suicidal CGW rate of 
13–88 % [11, 12]. Suicidal CGWs are known to be associ-
ated with a poor prognosis and high mortality [13–15]. A 



613Factors affecting dural penetration and prognosis in patients admitted to emergency…

1 3

Table 1   Demographics, clinical 
characteristics, and factors 
affecting mortality in cranial 
gunshot wounds

PIR pupil light reflex, SAH subarachnoid hemorrhage, EDH epidural hematoma, SDH subdural hematoma, 
GCS Glasgow Coma Score, RTS Revised Trauma Score, ISS Injury Severity Score, TRISS Trauma Score-
Injury Severity Score
a  Mean ± SD
b  Median (max–min)

Characters n (%) Survivors n (%) Nonsurvivors n (%) p

Age 24.8 ± 13.50a 24.85 ± 14.39a 24.55 ± 7.93a 0.953

Gender

 Male 43 (76.8) 35 (74.5) 8 (88.9) 0.350

 Female 13 (23.2) 12 (25.5) 1 (11.1)

Suicide 11 (19.6) 6 (12.8) 5 (55.6) 0.003

PIR

 Normal 28 (50) 26 (55.3) 2 (22.2)

 Anisocoric 10 (17.9) 10 (21.3) 0 (0) <0.001

 Bilateral dilate 9 (16.1) 3 (6.4) 6 (66.7)

 Not evaluated 9 (16.1) 8 (17) 1 (11.1)

Hemodynamic status

 Stable 45 (80.4) 43 (91.5) 2 (22.2) <0.001

 Unstable 11 (19.6) 4 (8.5) 7 (77.8)

Dural penetration 30 (53.6) 21 (44.7) 9 (100) 0.002

Foreign body

 Bullet 30 (53.6) 21 (44.7) 9 (100) 0.002

 Pellet 26 (46.4) 26 (55.3) 0 (0)

Velocity

 High 22 (39.3) 13 (27.7) 9 (100) <0.001

 Low 34 (60.7) 34 (72.3) 0 (0)

Trace

 Anteroposterior 42 (75) 39 (83) 3 (33.3) 0.002

 Lateral 14 (25) 8 (17) 6 (66.7)

Affected the brain

 Unilobar 8 (14.3) 8 (17) 0 (0) 0.181

 Bilobar 18 (32.1) 11 (23.4) 7 (77.8) 0.006

 Multilobar 2 (3.6) 1 (2.1) 1 (11.1) 0.027

 Bihemispheric 10 (17.9) 4 (8.5) 6 (66.7) <0.001

Complications 4 (7.1) 2 (4.3) 2 (22.2) 0.055

Additional organ injury 20 (35.7) 19 (40.4) 1 (11.1) 0.093

Pathology in the brain 29 (51.8) 20 (42.6) 9 (100) 0.002

İntracranial hemorrhage 20 (35.7) 13 (27.7) 7 (77.8) 0.004

SAH 21 (37.5) 13 (27.7) 8 (88.9) 0.001

EDH 1 (1.8) 1 (2.1) 0 (0) 0.659

SDH 9 (16.1) 7 (14.9) 2 (22.2) 0.583

Ventricular hemorrhage 13 (23.2) 7 (14.9) 6 (66.7) 0.001

Pneumocephalus 9 (16.1) 8 (17.4) 1 (11.1) 0.641

Fracture 28 (50) 19 (40.4) 9 (100) 0.005

Shift 2 (3.6) 0 (0) 2 (22.2) 0.001

Edema 8 (14.3) 3 (6.4) 5 (55.6) <0.001

GCS 11.96 ± 4.62a 15 (3–15)b 4 (3–15)b

 GCS: 15 32 (57.14) 32 (68.1) 0 (0)

 GCS: 14 2 (3.57) 1 (2.1) 1 (11.1) <0.001

 GCS: 9–13 8 (14.28) 7 (14.9) 1 (11.1)

 GCS: 3–8 14 (25) 7 (77.8) 7 (14.9)

RTS 6.65 ± 2.10a 7.28 ± 1.19a 3.39 ± 2.78a <0.001

ISS 25.23 ± 22.36a 14 (4–75)b 75 (25–75)b <0.001

TRISS 95.77 ± 124.92a 98.3 (3.4–99.5)b 1.8 (0.1–97.4)b <0.001
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study linked poor prognosis of suicide to victim’s immo-
bility during the shot and the shot’s close range [16]. Our 
results are in accordance with previous studies. To our 
opinion, additional reasons for poor prognosis of the sui-
cidal cases in our study were a lateral bullet trajectory and 
bihemispheric involvement.

Former studies have reported that pupil diameter and 
light reflex are important prognostic factors. Especially 
dilated, non-active pupils and anisocoric pupils indicated a 
poor prognosis [17, 18]. In our study, the findings related 
to pupil diameter and light reflex were in accordance with 
previous reports; in addition, dilated and anisocoric pupils 
were related to dural penetration.

Hypotension is known to be a factor affecting mortality 
and prognosis in CGWs [19]. The hemodynamic instabil-
ity rate ranges between 67 and 72 % in deceased patients 
[19]. Aldrich et  al. [20], on the other hand, reported that 
hemodynamic instability had a high rate among deceased 
patients, although its correlation with mortality was not sta-
tistically significant. In our study, the correlation between 
hemodynamic instability and mortality was high and statis-
tically significant.

CGWs are said to be of “low velocity” when the bullet 
velocity was lower than 1200 ft/s and of “high velocity” when 
it exceeded 1200  ft/s; high-velocity weapons cause more 
severe damage [21, 22]. Injury severity depends on a bul-
let’s kinetic energy, which is directly proportional to a bullet’s 
mass and square of its velocity. This can be formulated as:

where E is the kinetic energy, m the bullet’s mass, and v the 
bullet’s velocity [21, 22]. This formula can explain the sig-
nificant impact of high bullet velocity on dural penetration 
and mortality in our study. In our opinion, a bullet’s higher 
velocity and greater mass compared to those of a pellet are 
the reasons for the higher rates of dural penetration and 
mortality associated with bullets.

Previous studies have shown the relationship of multi-
lobar injuries with increased mortality and worse prog-
nosis compared to unilobar injuries [23–26]. Bihemi-
spheric lesions have also been demonstrated to correlate 
to increased mortality [13, 17, 18, 26]. Studies examining 
bullet trajectory have shown that a lateral trajectory is asso-
ciated with a higher mortality and worse prognosis than an 
anterolateral trajectory [14, 27]. Our study results were in 
accordance with literature data. Since ventricular involve-
ment and bihemispheric injury were inevitable in penetrat-
ing CGWs with a lateral trajectory, the latter was associated 
with increased mortality and worse prognosis.

İntraventricular hemorrhage, SAH, shift, and edema on 
CT are predictive of poor prognosis and increased mortality 
in penetrating CGWs [17, 18, 20, 26]. The same CT find-
ings were also correlated to poor prognosis and high mor-
tality in our study.

Arabi [10] reported that among 435 subjects with CGW, 
27 died and 19 survived among those with an admission 
GCS of 3–5; 26 died and 32 survived among those with an 
admission GCS score of 6–8; 10 died and 47 survived among 
those with an admission GCS score of 9–12; and 8 died and 
266 survived among those with an admission GCS score of 
13–15. In a study by Mansuco et al. [11] in 40 subjects with 
CGW, 16 died and 3 survived among subjects with a GCS 
≤8, whereas all subjects with a GCS score greater than 8 sur-
vived. Studies in CGW have shown that admission GCS is 
the cornerstone for the determination of prognosis and mor-
tality in CGWs, and mortality increases as GCS decreases 
[10, 14, 17, 20, 26]. Our results were in accordance with the 
literature data. The mortality rate was prominently higher 
when GCS was ≤8 and prominently lower when it was >8.

Bozdemir et  al. [28], in a study investigating trauma 
scores in gunshot wounds, reported that ISS, RTS, and 
TRISS scores had a significant effect on mortality. Joseph 
et  al. [29] also reported that ISS score significantly pre-
dicted mortality. Our study also demonstrated that ISS, 

E = m · v
2/2,

Table 2   Factors affecting dural penetration in cranial gunshot 
wounds

PIR pupil light reflex, GCS Glasgow Coma Score, RTS Revised 
Trauma Score, ISS Injury Severity Score, TRISS Trauma Score-Injury 
Severity Score
a  Median (max–min)

Characters Penetrating n (%) Nonpenetrating n (%) p

Suicide 10 (33.3) 1 (3.8) 0.006

PIR

 Normal 12 (40) 16 (61.5)

 Anizokorik 6 (20) 4 (15.4) 0.099

 Bilateral dilate 8 (26.7) 1 (3.8)

 Not evaluated 4 (13.3) 5 (19.2)

Foreign body

 Bullet 25 (83.3) 5 (19.2) <0.001

 Pellet 5 (16.7) 21 (80.8)

Velocity

 High 22 (73.3) 0 (0) <0.001

 Low 8 (26.7) 26 (100)

Trace

 Anteroposterior 19 (63.3) 23 (88.5) 0.03

 Lateral 11 (36.7) 3 (11.5)

Trauma scores

 GCSa 11 (3–15) 15 (3–15)

 RTSa 30 (20.45) 26 (37.79)

 ISSa 25 (9–75) 9 (4–36) <0.001

 TRİSSa 91 (0.1–97.8) 99.2 (94.8–99.5)



615Factors affecting dural penetration and prognosis in patients admitted to emergency…

1 3

RTS, and TRISS scores significantly affected dural penetra-
tion and mortality. To our knowledge, this may be due to a 
more severe body trauma occurring with penetrating inju-
ries owing to the latter being high-energy traumas.

Conclusions

Among patients admitted to emergency department with 
CFAI, suicidal CFAI, dilated or anisocoric pupils, hemo-
dynamic instability, bullet as the foreign material, and for-
eign material’s high velocity and lateral trajectory on initial 
admission were the factors affecting dural penetration and 
mortality. They may be easily used as prognostic markers 
independent of CT findings. As for CT findings, bilobar, 
multilobar, or bihemispheric involvement, SAH, ventricu-
lar hemorrhage, fracture, shift, and edema are correlated 
with increased mortality. In conclusion, findings of physi-
cal examination and patient characteristics on initial admis-
sion can predict dural penetration and prognosis, and the 
diagnosis and prognosis can be determined by CT findings.
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