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Prognostic factors in craniocerebral gunshot wounds:
Analysis of 30 patients from the neurosurgical viewpoint

Alparslan Kirik, M.D., ® Soner Yasar, M.D., ©® Mehmet Ozan Durmaz, M.D.
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ABSTRACT

BACKGROUND: Craniocerebral gunshot wounds (CGW) are the most lethal injuries of the cranium. CGW is mostly secondary
to military conflicts but may also be seen in civilian life. These injuries also have severe consequences, such as epilepsy, hydrocephalus,
infection and late-term cognitive dysfunctions. The present study aims to present our series of CGW and to discuss the prognostic

factors and consequences of these injuries.

METHODS: The data of patients who were treated in our department for CGW between 2011 and 2019 were retrospectively
reviewed in this study. The injury type, wounding site, surgical management and outcomes were analyzed. Radiological evaluation was
also performed.

RESULTS: Thirty patients were treated with the diagnosis of CGW. All of the patients were male and the mean age was 27.9 years.
The frontal lobe was affected in 12 (40%) patients, while temporal lobe in eight, occipital lobe in six, parietal lobe in three, and poste-
rior fossa in one patients. Twenty-three patients underwent surgical treatment, seven patients were treated conservatively. Thirteen
(43.3%) patients died despite the treatment.

CONCLUSION: Mortality in CGW is high. Ventricular injuries, bihemispheric or midline injuries, perforating injuries, brain stem
injuries and low GCS score at admission are prognostic factors for CGW. Appropriate management is mandatory to obtain a better
clinical outcome.
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The management of CGW is of paramount importance. Pa-
tient’s history, general physical and neurological conditions,

INTRODUCTION

Craniocerebral gunshot wounds (CGW) are increasing medi-
cal problems in a military setting, as well as in civilian practice.
U] Especially in recent years, the increasing incidents of vio-
lence, civil wars and terrorism in cities have made CGW even
more important.[*® These injuries are the most lethal form
of all firearm injuries, and the treatment principles are still
controversial.l'%'"l Minimal invasive approaches are suggested
by many authors, while aggressive surgical methods are also
advocated to prevent the mortality of patients.l'>] Attacks,
suicide attempts and accidents are the most common causes
of CGW. In wartime or terrorist actions, this type of injuries
has the highest mortality and morbidity.[*!

and appropriate radiological examinations play a key role in
the correct and effective treatment of the patients.l*'>'®! First
aid in the field may save the life of patients if it is administered
appropriately.! Detailed radiological evaluation and intensive
care management are the hospital steps of the CGW man-
agement.'!]

The present study aims to present our experience with the
CGW and to determine the possible prognostic factors of
such injuries. The clinical, surgical and radiological, as well as
surgical data, were collected and analyzed. The results were
compared with the current literature.
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MATERIALS AND METHODS

The data of patients who underwent treatment for CGW
were reviewed retrospectively. The clinical presentation,
management method, surgical technique and clinical out-
comes were analyzed. Ethical approval was obtained for this
retrospective study. The demographic data are presented in
Table I. Computed tomography (CT) was performed in all pa-
tients just after admission to our department. Additional ra-
diological examinations, such as magnetic resonance imaging
(MRI) or angiography, were performed in selected patients
who had the suspect of abscess or traumatic aneurysm. MRI
was not performed in patients with the metal retained frag-
ment.

Surgical treatment was performed in patients with active
bleeding, open cranial injury and worsening neurological con-
ditions. Debridement of necrotic tissues, stopping the active
bleedings, dural repair and skin closure were performed as
standard surgical procedures. Deep-seated foreign bodies
were left in place if there was no sign of abscess or empyema.
Infection prophylaxis was maintained with wide spectrum of
antibiotics. Abscesses that were developed in the late phase
of treatment were also drained with surgical methods. Cra-
nioplasty was carried out at least one year after the last sur-
gery. Computer-based custom made titanium implants were
used for cranioplasty.

RESULTS

Thirty patients were treated with the diagnosis of CGW in
the Department of Neurosurgery of our institution between
2011 and 2019. All of them were male, and the mean age was
27.9 years, ranging between 19 and 48 years. Twenty-two of
them injured in distant cities and transferred to our depart-
ment after the first aid for further management and eight
patients were injured in our city and referred to our depart-
ment just after the injury. Glasgow coma scale (GCS) score at
admission was between three and eight in 16 patients, while
GCS score was between nine and |5 in |4 patients. The fron-
tal lobe was the most affected site of the brain, followed by
temporal, occipital, parietal lobes and posterior fossa (Figs.
| and 2) (Table 2). Surgical treatment was in 23 (76.6%) pa-
tients, while seven patients underwent conservative (wound
closure only) management. Perforating injuries were ob-
served in five patients (Figs. 3 and 4). Three of the seven pa-
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o
Figure 1. (a) A patient with right orbitofrontotemporal fracture sec-
ondary to the explosion. (b) 3-D CT scan shows right orbital perfo-
ration and fracture lines.

|

Figure 2. (a, b) Axial CT scans of a patient with right occipital gun-
shot wound secondary to bullet penetration. The metal artefact is
obvious.

tients with conservative treatment had a diffuse brain injury,
swelling or herniation at the time of admission (Fig. 5), while
the other four patients had a tangential injury with minimal

Table 2. Sites of the injury

Site Number
Frontal lobe 12
Temporal lobe 8
Occipital lobe 6
Parietal lobe 3

Posterior fossa |

Table |I. The demographic and surgical features of the patients

Weapon Number  Mean age (years) Male/Female Military/Civilian  Surgery/Conservative  Death

Rifle (bullet) 4 20.3 4/0 4/0 3/1 2

Handgun (bullet) | 32 1/0 o/l o/1 |

Handmade explosive (shrapnels) 25 258 25/0 21/4 20/5 10

Total 30 279 30/0 25/5 23/7 13
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Figure 4. (a) A patient with perforating CGW secondary to the sui-
cide attempt. (b) Axial CT scan shows the entrance and exit points
of the bullet wound trajectory and bone fragments into the cranium.
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Figure 5. (a) A patient with left fronto-orbital CGW secondary to
landmine explosion). (b) 3-D CT scan showed multiple shrapnels
and fracture lines on the cranium.

cerebral contusion and GCS score was |5 at admission. Thus,
there was no need for surgery.

Thirteen (43.3%) patients died despite surgical or medical
treatment. Ten of them had GSC score at admission between
three and eight, three patients had a diffuse brain injury and
underwent decompressive craniectomy. Duraplasty was per-
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Figure 6. (a) Intraoperative view of a patient with CGW. The ne-
crotic brain tissue (*) was herniated through the dura mater defect.
(b) The necrotic brain tissue was removed and the duraplasty was
performed with synthetic dural substitute.

formed in 20 patients (Fig. 6, Table 3). Cerebrospinal fluid
(CSF) fistula was observed in two patients after surgery and
treated conservatively. Postoperative wound infection was
observed in five patients and treated using antibiotics. Five
patients received anticonvulsive treatment due to the devel-
opment of posttraumatic epilepsy (Table 4). Eight patients
underwent custom-made computer-based cranioplasty with
titanium implants.

DISCUSSION

We presented the results of 30 patients with CGW. The de-
mographic, radiological and surgical data were shared. Our
mortality rate was 43.3% and the most common causes of
death were diffuse brain injury and low GCS score at admis-
sion.

CGW causes high mortality and morbidity due to their de-
structive properties on the central nervous system (CNS)

Table 3. Types of the surgical management

Surgery types Number
Only wound closure 7
Necrotic tissue debridement with intact dura mater

Duraplasty 12

Debridement+duraplasty

Table 4. Outcome and complications of the 30 patients with
craniocerebral gunshot wounds
Outcome Number
Died 13
Cerebrospinal fluid fistula 2
Infection 5
Epilepsy 5
861



structures. Patients with CGW need special care and their
treatment is quite challenging.l'”'"1 These injuries are classi-
fied according to the type of weapon and the type of injury.
For example, military-type penetrating injuries more often
arise from shrapnel and high-speed projectiles, while civil-
ian-type penetrating injuries mostly arise from low-velocity
guns.B4!2171 |n addition to the kinetic energy of the bullet or
wounding body, the shape of the wounder, the angle of inci-
dence, and the tissues through which it passes are effective
on the penetration of the wounding body.['”]

The frequency of CGW varies according to the geographical
area, socioeconomic conditions and cultural differences.!'’]
The incidence of CGW is higher, especially in societies where
guns are easy to acquire and violence tendencies are at the
forefront. CGW accounts for 35% of deaths under the age of
45 from brain damage. We should note that 2/3 of these pa-
tients die before being hospitalized.[*”'”] In the United States,
the annual mortality rate from head injuries due to gunshot
wounds is 2—4/100 000.I'%'"] |t is also important which region
of the brain is affected in such injuries. Although the frontal
lobe is usually the most commonly affected area, the poste-
rior fossa and brain stem are the least affected areas.>'%?
In our series, the frontal lobe is mostly injured, this site was
followed by the other brain lobes. Ventricular and brain stem
injuries are the most lethal forms of CGW.[!%!1.20]

Radiology is an important step in patient evaluation with
CGW. Plain x-rays and CT scans are crucial for the determi-
nation of retained bone and metal fragments (Fig. 2). Initial
CT scan shows brain tissue injury, hemorrhages, fragments,
edema and infection if performed in the late period of inju-
ry.”'"1 In case of injuries with landmines or grenades, small
shrapnels cause significant injuries in the brain and these par-
ticles can be easily detected by CT scans.?'! However, metal
fragments may also cause significant artefacts that may ob-
scure possible hemorrhages in the brain. In such cases, plain
skull x-rays are helpful to determine the size of the metal
fragment. MRl is usually performed in the late period of injury
to determine the size of brain damage, the presence of late
brain abscess, or any focus or epilepsy.[*'8?2 It should not be
forgotten that MRI is contraindicated in patients with metal
fragments within the skull.

Penetrating injuries usually arise from low-speed projectiles,
such as shrapnels (Figs. 3, 4). Some of the kinetic energy of
the projectile is transferred to the brain and some of it is ab-
sorbed by the skull.’*'”! These injuries may result in focal brain
contusion, laceration or intracerebral hematoma. Dispersion
of bullet fragments or fractured bone fragments into the
brain is rare. The prognosis is better in these injuries because
brain damage is relatively limited. Landmine and grenade inju-
ries in military setting cause penetrating CGW (Fig. 5). How-
ever, perforating injuries affect both sides of the head and is
the most destructive form of CGW.I%!] They usually occur
with high-speed projectiles or close-up CGW with a suicide
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attempt. The exit point of the bullet is larger than the en-
try point. Exploding and disintegrating bone fragments cause
extensive neuronal damage in the brain. Shock waves affect
the brain stem, causing impaired respiratory and circulatory
system functions and death.l'”! In our series, 25 patients had a
penetrating type of CGW and five patients had a perforating
type of the CGW. Significant brain damage was observed in
our patients with perforating CGW and low GCS score was
the common feature of these patients.

Management of each patient should be done based on the
clinical, physical and radiological evaluation.l! Open wounds
with active bleeding and brain damage should be operated as
soon as possible to save the life of the patient.l'?!"!'"] Aggres-
sive surgical treatment is not helpful in patients with GCS
score 3 and who have impaired brain stem functions.['] De-
bridement of necrotic brain tissues and stopping the active
bleedings are the main aims of the surgery. Foreign bodies
or bone fragments on the brain surface are also collected
and the dura edges can be found with some amount of cra-
niectomy.l'®'!5] This is necessary for proper closure of dura
mater or duraplasty (Fig. 6). Artificial materials or allografts
may be used for dural closure. This prevents a possible CSF
leak and infection after surgery.'®'”] |n addition, tetanus pro-
phylaxis should be performed associated with prophylactic
antibiotics and anticonvulsive therapy.®?! The standard sur-
gical treatment of intracranial hypertension is external ven-
tricular drainage (EVD). If intracranial pressure is high despite
EVD, the damaged frontal or temporal lobe can be partially
excised or a decompressive craniectomy may be performed.
[ Prophylactic antibiotics can be continued for 10—14 days
and anticonvulsive therapy for 6—12 months.>'71%2251 |n our
series, we operated 23 patients with CGW. We performed
the afformentioned methods and obtained satisfactory clini-
cal outcomes.

Epilepsy, intracranial infection and sinking skin flap syndrome
are late complications of CGW.I%'72¢] Anticonvulsive therapy
may be administered after surgery or after the first seizure
of the patient, which depends on the surgeon and electro-
physiological findings after discharge. Antibiotics may be con-
tinued if there are contrast-enhancing lesions in the brain.
[2227] Headache, neurological deficits and seizures may be the
symptoms of sinking skin flap syndrome in patients with large
cranial defects.?'®172228] These defects should be closed us-
ing synthetic materials, such as methyl methacrylate, porous
polyethylene or titanium. In addition, this closure should be
delayed until the first year of injury due to the dirty nature
of CGW. In our series, we performed custom-made titanium
cranioplasty in eight patients with large cranium defects and
obtained good cosmetic results. These cranioplasty materials
were manufactured in the medical design and production cen-
ter of our institution.

Prediction of prognosis is important in the management of
the CGW. In all studies, the GCS score was found to be the
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most important factor in determining the prognosis of the pa-
tient and the effectiveness of surgical treatment.['®!"1517.19.2029]
Pupillary changes, systemic shock, presence of infection, in-
ternal organ injuries and coagulation disorders increase the
mortality of patients with higher GCS score.* Ventricular
injuries, bihemispheric or midline injuries, large vessel inju-
ries, and brain stem injuries increase the mortality of patients
with CGW.[17:18202329-311 Qrbital and maxillofacial injuries may
be associated with CGW and must be evaluated precisely by
the surgeon to avoid further morbidities.l'+!732

The major limitations of our study are the lack of long term
follow-up period and the small number of the patient popu-
lation.

Conclusion

In the management of the CGW:

1) Rapid neurological and radiological evaluation should be
performed.

2) Intracranial hematomas should be evacuated with the de-
bridement of necrotic tissues and haemostasis should be
provided as soon as possible.

3) Easily accessible superficial or embedded bone and bullet
fragments and foreign bodies should be removed.

4) If possible, the dura should be closed primarily or by using
autografts or artificial materials.

5) In case of postoperative CSF leakage, lumbar drainage
should be applied immediately, and if the leakage does not
stop within a few days, the patient should be re-operated,

6) Rehabilitation of patients with neurological deficits should
be started as soon as possible.

7) Cranioplasty should be planned at least 12 months after
the injury and custom-made implants should be preferred
to obtain better cosmetic results.

8) Ventricular injuries, bihemispheric or midline injuries,
perforating injuries, brain stem injuries and low GCS scale
at admission are prognostic factors for the CGW.
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Saglik Bilimleri Universitesi Giilhane Tip Fakiiltesi, Beyin ve Sinir Cerrahisi Anabilim Dali, Ankara

AMAC: Kranyoserebral atesli silah yaralanmalari (KASY), kranyumun en olimcll yaralanmalaridir. Cogunlukla askeri gatismalara sekonderdir. Bu
yaralanmalarin ayrica epilepsi, hidrosefali, enfeksiyon ve ge¢ donem bilissel islev bozukluklar gibi ciddi sonuglari da vardir. Calismamizin amaci,
klinigimizin KASY serisini sunmak ve bu yaralanmalarin sonuglarini ve prognostik faktorlerini tartismaktir.

GEREC VE YONTEM: 20112019 yillari arasinda béliimiimiizde KASY tanisi ile tedavi edilen hastalar geriye déniik olarak incelendi. Yaralanma
tipleri, yerleri, cerrahi tedavileri ve sonuglari analiz edildi. Radyolojik degerlendirme de yapildi.

BULGULAR: Otuz hasta KASY tanisi ile tedavi edildi. Bunlarin hepsi erkekti ve yas ortalamasi 27.9 idi. Frontal lob |2 (%40) hastada etkilenirken,
sekiz hastada temporal lob, alti hastada oksipital lob, tig hastada parietal lob ve bir hastada posterior fossa etkilendi. Yirmi Ug hastaya cerrahi tedavi

uygulandi. On g hasta (%43.3) cerrahi veya tibbi tedaviye ragmen kaybedildi.

TARTISMA: Kranyoserebral atesli silah yaralarinda 6lim orani yliksektir. Ventrikiler yaralanma, bihemisferik yaralanma, perforan yaralanma, beyin
sapi hasari ve basvuru aninda dustik GKS skoru prognostik faktorlerdir. Daha iyi klinik sonuglar elde etmek igin uygun ve dogru hasta yonetimi

zorunludur.
Anahtar sozclikler: Atesli silah; cerrahi; kranioserebral; sonug; yaralanma.
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