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Experience and successful treatment of craniocerebral
gunshot injury at a regional trauma center in Korea:
a case report and literature review
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Craniocerebral gunshot injuries is gradually increasing in the civilian population with a worse prog-
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nosis than closed head trauma. We experienced a case of craniocerebral gunshot injury which a bul-

let penetrating from the submandibular area into the clivus of a patient. The patient did not show

any symptom. However, serial laboratory findings showed an increase in blood lead level. We re-
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INTRODUCTION

Gunshot injuries have occurred frequently in the military, but
not in the civilian population, in the past. However, they are
gradually increasing in the civilian population as a recent global
trend [1,2]. Craniocerebral gunshot injuries (CGI) have a worse
prognosis than a closed head trauma [1,3]. Even with advances in
medical and surgical techniques, CGI is known to have an ex-
tremely low survival rate [4,5]. Reported survival rate of CGI is
only 7% to 15% [6]. However, gunshot injuries are extremely rare
in Korea where individual firearm ownership is restricted. Thus,
it is seldom experienced by clinicians in Korea. Due to this spe-
cial situation in Korea, there is no standard for treating gunshot
injuries. Although the incidence rate of gunshot injuries is low in
Korea, regional trauma centers should prepare for CGI. We re-

moved foreign bodies without any problems using an endoscopic transnasal transclival approach.
Due to the extremely low frequency, guidelines for definitive management of gunshot injuries have
not been presented in Korea yet. We introduce our surgical experience of a craniocerebral gunshot

injury with an unusual approach for removing intracranial foreign bodies.
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port on an extremely rare CGI case with bullets in the clivus re-
moved under a microscope view using an endoscopic transnasal
transclival approach.

CASE REPORT

A 59-year-old male patient with CGI was transferred to our hos-
pital. The patient said that he aimed a shotgun under his chin
and fired it with the intention of committing a suicide at around
5:30 AM. After being transferred to a nearby hospital, he was
transferred to our regional trauma center. Regarding the initial
patient status, the patient's level of consciousness was clear. There
were no specific neurological symptoms. Otorhinolaryngological
evaluation was performed immediately. There were no problems
with airway or vocal cord functions. A number of foreign bodies
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were identified in the nasopharyngeal space and the clivus on the
computed tomography (CT) scan (Fig. 1). The foreign material
was a lead bullet. The patient showed no specific symptoms. Af-
ter he was hospitalized, conservative treatment was performed.
Considering cerebrospinal fluid leakage and central nervous sys-
tem infection, tetanus vaccination and empirical antibiotics were
administered. Intravenous injections of vancomycin 1 g and cef-
tazidime 1 g were administered three times per day.

He had no specific symptoms. On the 6th day after admission,
a blood test was performed to check lead level in the blood. His
blood lead level was found to be 2.9 ug/dL. Lead bullets were
present in bone, a highly vascular tissue. It was forecasted that his
blood lead level would increase. We made a plan to remove bul-
lets through surgical treatment. On the day of the surgery, his
blood lead level was 3.5 pg/dL. Since many foreign bodies were
identified in the clivus, it would be very difficult to access foreign
bodies with a general craniotomy. Thus, we planned to remove
them through an endoscopic transnasal transclival approach.
The location of foreign bodies was confirmed using navigation
during preoperative preparation and surgery (Fig. 2). We had ac-
cess to the clivus under both microscopic and endoscopic fields
of view. The endoscope was entered by accessing the mucosal
layer through the nose. We confirmed that it was easy to remove
foreign bodies using both hands by securing sufficient corridor
(Fig. 3). Since the bullet was made of lead, the strength was weak.
When it was removed with pituitary forceps, it was crushed. It
was judged that the main bullet had to be removed through en

Fig. 1. Foreign bodies within clivus on sagittal section of the comput-
ed tomography.
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bloc. Thus, dissection was performed to expose foreign bodies
more fully. Foreign bodies could be removed under a microscop-
ic view (Fig. 4). A bullet with a size of 1 cm was removed. In ad-
dition, small foreign bodies identified in the surgical field were
removed as much as possible (Fig. 5). Postoperative radiologic
findings confirmed that there were almost no foreign bodies left.
His blood lead level was found to be 3.8 ug/dL on postoperative
2nd day and 3.6 pg/dL on postoperative 7th day. On the 19th day
of admission, the patient was discharged without any signs or
specific neurological symptoms. On the 67th day of the accident,
blood lead level performed at the outpatient clinic showed no
further increase to 3.7 ug/dL. The patient had no specific symp-
toms.

This study was approved by the Institutional Review Board of
Pusan National University Hospital as a retrospective investiga-
tor-initiated trial (No. 2209-018-119). The Institutional Review
Board waived the need for informed consent due to the retro-
spective nature of the study.

DISCUSSION

Bullets can cause thermal and penetrating injuries due to impact
velocities greater than 120 m/sec. Injuries by bullets have higher
morbidity and mortality than normal penetrating wounds [7].
When a patient has a CGI, they should be quickly transported to
an institution where appropriate treatment can be performed.
After hospitalization, neurological evaluations including vital
sign check and correction should be performed without any de-
lay. Entry-exit points of the bullet must be checked through a
physical examination. After the patient's state is stable, a neuro-
image workup should be performed to determine whether and
how to perform surgical treatment. Through radiologic findings,
damage to the brain parenchyma, hemorrhage, the location and
trajectory of the bullet, fracture of the skull, bone fragments pen-
etrated into the brain, and vessels injuries should be checked. In
emergency situations, CT and CT angiography are appropriate
[8]. However, there are restrictions on the use of magnetic reso-
nance imaging because movement of ferromagnetic materials by
magnetic resonance imaging can cause additional damages [9].
Treatment goals of CGI include immediate lifesaving through
bleeding and cerebral decompression, prevention of infection
through extensive removal of contaminated, damaged, or isch-
emic tissue, preservation of nervous tissue through prevention of
meningocerebral scars, and anatomical structure restoration
through sealing of dura mater and scalp [8]. Tsuei et al. [10] have
proposed an algorithm for treating CGI based on Glasgow Coma
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Fig. 2. Confirming locations of foreign bodies using a naviagation system. When the patient’s surface is (A) pointed with the indicator using the
navigation system, the location of the foreign bodies can be confirmed in the (B) sagittal, (C) coronal, and (D) axial sections.

Scale (GCS), pupillary reflexes, and results of CT scan to deter-
mine whether or not to operate.

In this case, the patient's level of consciousness was alert with
GCS 15. He had no symptoms such as infection or cerebrospinal
fluid leakage. Bullets were fixed within a solid strong bone struc-
ture, clivus. We were contemplated about whether to remove it.
After hospitalization, blood lead level should be checked. If it is
increased, the decision to remove bullets should be made. In the
United States, blood lead level of normal adults is known to be
0.92 pg. Blood lead level is recommended to be less than 5 pg
[11]. It was confirmed that his blood lead level was increased
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compared to his initial level. Thus, it was determined that surgi-
cal removal was necessary. A potential complication of remain-
ing bullet fragments is lead poisoning defined as blood lead level
above 3.5 pg/dL [12]. There are several case reports suggesting
lead poisoning due to remaining bullet fragments in the soft tis-
sue [13,14]. Since it has been reported that remaining bullets
could cause lead poisoning, we decided that removal of bullets
was absolutely necessary in this case. It is known that remaining
bullets within highly vascular tissues such as bone are more likely
to cause lead poisoning [15].

Since the clivus is located deep without intracranial foreign
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Fig. 3. Removal of anterior wall of clivus with a high-speed drill un-
der endoscopy.

Fig. 4. Main bullet was removed in en bloc by pituitary forceps under
the microscope.

body, hematoma, or injuries, it was judged that an endoscopic
transnasal transclival approach was better than a general craniot-
omy approach. We performed surgery under the navigation to
determine the more precise location of small fragments. Based
on class IIT evidence, surgical debridement of the projectile tra-
jectory is not recommended [3]. The major bullet was removed
through a microscopic view and an endoscopic view. Even small
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Fig. 5. Total removal of the foreign bodies.

fragments were removed by maximal curettage at a position that
could be confirmed by navigation.

We report a case of surgical treatment of a CGI caused by lead
bullets. This is the first report about a missile injury from the
submandibular area to clivus. Since CGI is generally accompa-
nied by neural damage due to anatomical location, a careful eval-
uation of accompanying intracranial injuries such as hematoma
and vascular system along with an appropriate surgical method is
required. In particular, multidisciplinary treatment is recom-
mended to safely remove foreign body and minimize complica-
tions and neurological sequelae. For a CGI caused by a bullet, se-
rum lead level must be checked. If it is elevated, surgical removal
is required. In addition, foreign body of the clivus should be re-
moved vigorously under an endoscopic transnasal transclival ap-
proach.
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