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Objectives: To determine the feasibility and evaluate effectiveness of full-endoscopic
surgery in gunshot wound of the spine.

Methods: Three clinical cases of lumbar and thoracic spine bullet wounds made by
firearms and traumatic weapons are described. Percutaneous endoscopic surgery was
performed to extract bullet from the spinal canal. The results are compared to the data
from literature.

Results: Percutaneous endoscopic approach to spinal canal with a possibility to extract
a bullet, decompression of nerve roots, defect closure of the dura mater is demonstrated.

Conclusion: Good clinical outcomes allows to recommend percutaneous endoscopic
surgery to manage similar lumbar and thoracic spine bullet wounds at the tertiary
care level.

Keywords: gunshot wound, injury, lumbar spine, thoracic spine, full-endoscopic surgery

INTRODUCTION

The potential of full-endoscopic surgery has greatly improved thanks to advanced video
transmission quality, upgrades of endoscopes and related instruments and the development of
new surgical techniques and approaches. It all resulted in expanding indications for this type of
treatment (1, 27). However, degenerative-dystrophic diseases of the spine still remain the main
pathology where percutaneous endoscopic interventions are largely used (2). Also, a beneficial
effect of the described method was noticed in revision surgery after metal osteosynthesis (3), in
non-specific spondylodiscitis (4) and spinal tumors (5, 6).

This paper assesses preliminary results of percutaneous video endoscopy for gunshot bullet
wounds in the lumbar spine; presents capabilities of surgical technique for extraction of a
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foreign body from the spinal canal and intervertebral disc.
Treatment of traumatic spinal injuries logically originates from
percutaneous video endoscopic spinal surgery.

CLINICAL CASE NO. 1

The wounded person, a 24-year-old man, was admitted to the
neurosurgery clinic the next day after he had received a gunshot
blind wound in the lumbar region. The patient complained of
weakness in the feet, numbness on the back surface of both legs
and perineum, impaired sensation of bladder filling. These effects
occurred immediately after the injury. During the day, weakness
in the right foot increased. Upon admission, the examining
physician saw an inlet of the gunshot wound, 10 x 5mm in
size, located in the lumbar region, 6 cm left to the spinous
processes line. In the history, there was no intense bleeding or
fluid leakage from the wound inlet. The general condition of the
patient remained stable, urination passed through the urinary
catheter, with normal urine output and normal color of the
urine. Neurological status: low flaccid distal paraparesis up to 3
points, bilateral absence of Achilles reflexes, anesthesia in S1-S5
dermatomes, urinary retention.

Computed tomography confirmed a left-sided wound inlet
and channel with an oblique trajectory that ended blindly in the
spinal canal close to the right L5-S1 intervertebral joint, where
CT picture showed a foreign metal body—a bullet. There were no
bone injuries in the spine or impaired large vessels and internal
organs in the abdominal cavity, retroperitoneal space and small
pelvis. Apart from the bullet, there were no other signs of neural
structures compression (Figure 1A).

Results of the examination proved that neurological disorders
were likely to be caused by direct trauma to the cauda equina and
persistent roots compression by the injuring body. The purposes
of surgical intervention were extracting the bullet and revising
structures of the spinal canal with the help of percutaneous
video endoscopy. Should it appear impossible to achieve those
purposes, it was planned to convert to open access.

Surgery

After general anesthesia induction the patient was prone
positioned; under fluoroscopic guidance in AP view, a puncture
access with an 18G needle was made to the arch of the L5 vertebra
1 cm right to the spinous processes line. The access trajectory did
not coincide with the gunshot wound projection. A wire guide
was inserted, and a linear cut up to 1 cm long was made. Along the
guide, with the help of tubular expanders, a working tube with an
outer diameter of 8 mm was inserted through the cut. A SpineTip
endoscope (Karl Storz, Germany) was inserted into the working
tube (Figure 1B).

Further manipulations were controlled by video endoscopy
backed by continuous irrigation with saline sodium chloride
solution through a special endoscopic channel. The lower edge
of the L5 vertebra arch was skeletonized and partially resected
with a diamond burr in order to increase the interlaminar
space. The revision showed a distal end of the bullet within the
defect of the yellow ligament. With the help of video endoscopy,
the working tube axis was aligned with the bullet axis. After

partial flavotomy, the bullet was captured with forceps and
removed through the lumen of the working port together with
the endoscope. Revision of the epidural space showed defects of
the dura mater, endoscopic analysis proved anatomical integrity
of the roots. The epidural space was revised above and below the
injury area. Defects in the dura mater were covered with Fibrin-
collagen patch TachoComb® introduced through the working
port. Each stage of the surgery is shown in Figures 1C,D and
Supplementary Video 1.

A temporary stop of irrigation helped to detect endoscopic
signs of unstable cerebrospinal fluid stasis. The endoscope and
working port were removed. The skin wound was sutured.
The surgery lasted 40min. Blood loss was about 10ml
There were no perioperative complications. Postoperative and
gunshot wounds healed within 10 days supported by antibiotic
therapy (Ceftriaxone 2.0 g per day). There was no cerebrospinal
fluid leakage.

Size of the bullet: caliber 5.45mm, length 23 mm.
Postoperative computed tomography and magnetic resonance
imaging showed the absence of the foreign body in the spinal
canal and restoration of the subarachnoid space patency
(Supplementary Video 1).

Within 3 months, the patient regained strength in his left
foot. Paresis of the right foot flexors remained at the grade
4. Disorders of urination and defecation completely regressed,
cutaneous sensation and sexual function were restored. Back pain
was not a concern.

CLINICAL CASE NO. 2

A 39-year-old man referred to the neurosurgery clinic
with back pain associated with recurrent retroperitoneal
phlegmon. He reported that 13 years ago he had received
a gunshot—a penetrating blind wound of the abdomen

with a damage to the liver, gallbladder, duodenum,
colon, L1-L2 vertebral bodies. The bullet had landed
in the LI1-L2 intervertebral disc. There had been no

neurological disorders.

In order to eliminate consequences of the injury the
patient received a staged surgical treatment on the abdominal
organs; however, the surgeons had refrained from removing the
bullet. The patient had fully recovered. During the last year,
the patient suffered from recurrent retroperitoneal phlegmon
accompanied by febrile fever and intense lumbar pain; his
treatment involved four openings and drainages of purulent
foci through retroperitoneal access. CT fistulography showed
a thin fistulous tract between the retroperitoneal abscess
cavity and the foreign body at the level of L1-L2 vertebrae
(Figure 2A).

It was suggested that a probable cause of recurrent infectious
process was a bullet, so it was decided to remove a foreign
body from the spine through percutaneous transforaminal
endoscopic access.

Surgery
After general anesthesia induction the patient was prone
positioned; under fluoroscopy control in AP and lateral views,
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(D) Defects in the dura mater around the nerve root cuff and dural sac (see arrows).

FIGURE 1 | (A) CT scans of the lumbar spine: metallic foreign body (bullet) in the right half of the spinal canal (the arrow shows the inlet of the gunshot wound, the line
shows an approximate trajectory of the bullet through the soft tissues); (B) View of the working port and endoscope; (C) Bullet mobilization in a yellow ligament defect;

an 18G needle and a wire were inserted in the lower part of the
left intervertebral foramen L1-L2. At the puncture site, a 1.0 cm
long transverse incision of the skin and soft tissues was made. A
cone-shaped guide and a working tube were inserted along the
wire. The guide and wire are removed (Figure 2B). A SpineTip
endoscope (Karl Storz, Germany) was inserted into the working
tube. Further surgery was controlled by video endoscopy, which
visualized bone markers of the intervertebral foramen and
anterior epidural space. Fragments of the intervertebral disc back
were removed. The bullet was detected. The bullet shell was
destroyed, and difficult to separate from the surrounding tissues,
which have a dirty gray color and numerous metal inclusions
(Figure 2C). In order to form a channel for mobilization and
extraction of the bullet, the lower edge of the L1 vertebra
body was partially resected with a high-speed burr. The bullet
was mobilized with hooks and scoops, fixed with forceps, and
removed together with the working tube (Figure 2D). Under
fluoroscopic control, the working tube and endoscope were

reinserted transforaminally into the L1-L2 intervertebral disc,
where there were many bullet shell fragments, removed with
forceps and cutters (Figure 2E). Some fragments of the shell
with surrounding soft tissues were taken for bacteria culture
tests. Hemostasis was controlled by bipolar coagulation. After
the last revision of the surgical wound, the working tube and
the endoscope were removed. The skin wound was sutured
with an interrupted suture. Surgery blood loss was <20 ml
During the surgery, the patient received antibiotic therapy with
Vancomycin 1.0 g intravenously. The surgery lasted for 50 min
(Supplementary Video 2).

The patient was mobilized the next day after the surgery.
For 2 days he had an increased body temperature to 37.8°C,
then the temperature got back to normal. The patient received
antibacterial therapy (Cefazolin 2.0g) for 7 days. The bacteria
culture test of the sample taken during the surgery revealed
Escherichia coli, sensitive to most antibiotics. On the 7th day after
the surgery, the patient was discharged from the hospital. Upon
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FIGURE 2 | (A) Preoperative sagittal CT (left) and CT fistulography (right) of the lumbar spine: 1 —bullet; 2—contrast agent; (B) Radiography of the working port and
bullet; (C) Endoscopic stage of the surgery and view of the bullet (described in the text); (D) Capturing and extracting the bullet with forceps (caliber 7.62 mm, length
15mm); (E) Endoscopic view of the intervertebral foramen after extracting the bullet.

discharge, he had no complaints; the neurological status was at
the preoperative level.

CLINICAL CASE NO. 3

A 19-year-old man was admitted to the neurosurgery clinic with
a bullet wound in the back from an air gun. Upon admission
he complained of thoracic spine pain. A physical examination
of the thoracic spine showed an inlet with a size 0.3 x 0.5 mm.
There were no signs of cerebrospinal fluid leakage and bleeding,
no neurological disorders. X-ray of the chest in the Th8-Th9
vertebrae showed a foreign body—a bullet. CT scan of the
thoracic spine also showed a metal-density foreign body in
the spinal canal under the lamina of the Th8 vertebral arch
(Figure 3A).

It was decided to make a full-endoscopic intervention to
extract the foreign body from the spinal canal at the level of
Th8-Th9 vertebrae.

Surgery
After general anesthesia induction the patient was prone
positioned; under fluoroscopy control in AP and lateral views

at the level of the Th8 vertebra arch, 2cm outward and left to
the midline, an 18G needle and a wire were sequentially inserted
slightly above the bullet wound inlet. The needle was removed.
Through a skin incision 1.0 cm long, a cone-shaped guide was
inserted along the wire; a working tube was inserted along the
cone-shaped guide, and an endoscope (Joimax, Germany) was
inserted into the working tube (Figure 3B). With the help of a
diamond burr, the arch of the Th8 vertebra was resected in a
limited area. Within the yellow ligament there was a rounded
defect, in its lumen a bullet was seen. After additional flavotomy,
the bullet was removed from the spinal canal with the help of
forceps (Figure 3C). Through the defect of the yellow ligament,
the endoscope was introduced into the epidural space. The
dura mater of the spinal cord showed no signs of impairment
(Figure 3D). The dural sac had a distinct pulsation. Hemostasis
was supported by bipolar coagulation. After a last revision of
the surgical wound, the working tube and the endoscope was
removed. The skin wound was sutured with an interrupted
suture. The blood loss was <10 ml. The surgery lasted 40 min.

The patient stayed in the hospital for 3 days. At the time of
discharge, the patient had no complaints. Neurological status was
at the preoperative level.
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(described in the text).

FIGURE 3 | (A) CT scans of the thoracic spine (explained in the text); (B) Radiography of the working port and bullet; (C,D) Endoscopic stage of the surgery

epidural fat

dura mater

DISCUSSION

Gunshot wounds of the spine and spinal cord in peacetime
and wartime make 10-21% of all spinal injuries (7-9).
In 2014 in the United States, 16.8% (33,594 people) of
deaths from injuries were associated with damaging effects
of firearms (10). Males aged 15-34 years are more likely
to be affected by this type of injury (various authors, 78—
91%), 10-24.5% are lumbar spine injuries, of which penetrating
injuries make about 14% (9, 11-14). Gunshot wounds of the
spine are often accompanied with injuries to the neck, chest,
abdominal cavity and retroperitoneal space. A key factor to
make prognosis in the acute and early periods of combined
injuries is emergency surgery on the damaged vessels and
organs (13).

So far, there is no generally approved medical care algorithm
for such patients. Such factors as indications amount, reason
and time of surgical intervention remain relevant (9, 15-17).
A standard procedure in diagnosing spine gunshot wounds is
computed tomography, which allows assessing position of the
bullet and degree of bone damage (15).

Surgical treatment of spine gunshot wounds is needed
in the following cases: increased neurological deficit, neural
structures compressed by a bone fragment, intervertebral disc
or foreign body, cerebrospinal fluid leakage, gunshot penetrating
blind injury to the spinal cord cone and cauda equina, spinal
instability, infectious complications and pain syndromes in
the late injury period (18, 19). The purpose of the surgery
in penetrating blind wounds is to remove a foreign body,
decompress neurovascular lesions of the spinal canal, and restore
integrity of the dura mater and patency of the subarachnoid
space (15).

Despite the obvious indications listed above, the effectiveness
of surgical treatment of gunshot wounds to the spinal cord
remains low. Treatment outcomes for those with gunshot
wounds to the cervical and thoracic spine, in the absence of
positive dynamics in neurological status, did not differ between
conservative and surgical groups (16).

The necessity of removal of a wounding body in
uncomplicated non-penetrating gunshot of the
spine, especially in the late period, is still open for discussion.
Experts differ on the toxic effects of lead when a wounding body
remains for a long time (10, 20); however, there is no doubt that a

wounds

foreign body must be removed in cases of purulent-inflammatory
complications (21).

Surgeons should carefully select an access to the spine
for bullet removal, and be guided by the position of the
bullet against parts of the spinal canal and neurovascular
structures. The most common and universal method for
accessing a bullet in the spinal canal is laminectomy
(9). Lateral and anterior approaches are typical for the
removal of foreign bodies from the intervertebral disc and
vertebral bodies (21). Given that most gunshot wounds
do not impair spinal stability, stabilizing aids are usually
not required. Hence, such cases require minimally invasive
surgical treatments.

There are some published reports on the microsurgical
removal of a wounding body through a tube retractor through
a posterior access along the optimal trajectory. This method
proved to be very efficient in terms of regression of neurological
dysfunctions and prevention of infectious complications in a
spine gunshot wound (10, 22).

Nowadays, the least invasive surgical method in spinal surgery
is percutaneous video endoscopy. Advantages of this method,
like any minimally invasive technology, are well known and
relate to clinical and economic aspects. Technical characteristics
of spinal percutaneous endoscopic interventions ensure a
targeted approach to a surgical target both through natural
anatomical spaces of the vertebral segments (interlaminar space,
intervertebral foramen), and through intervertebral discs and
bone structures (23). Such interventions greatly reduce infectious
complications afterwards (24). Although there are lots of papers
devoted to full-endoscopic spinal surgery, its use in spine gunshot
wounds has not yet been thoroughly discussed (2).

Of course, percutaneous video endoscopic aids are still
inferior to open access in terms of comprehensive revision,
sanitation and drainage of gunshot wounds, especially in
case of multiple spinal injuries (shot, buckshot, etc.) (10).
Disadvantages of full-endoscopic removal of a bullet from
the spinal canal include the impossibility of complete sealing
of defects in the dura mater. However, puncture endoscopic
access, apparently, prevents appearance of cerebrospinal fluid
cysts and fistulas. Clinical application of percutaneous unilateral
biportal endoscopic technique (25, 26) and technical aids for full-
endoscopic closure of defects in the dura mater of the spinal cord
(27) promise a successful solution of such problems in future.
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CONCLUSION

Full-endoscopic operations can be effective in bullet wounds to
the spine. Their application allows:

1) to remove the bullet from the canal or
intervertebral disc;

2) to inspect the epidural and subdural spaces of the spine;

3) reduce the risk of infectious complications through minimal
invasiveness, sanitation and continuous intraoperative
irrigation of the gunshot wound with saline sodium
chloride solution;

4) perform plasty of the dura mater defect.

spinal

These operations should be performed at the tertiary care level by
surgeons with sufficient experience in percutaneous endoscopic
spinal surgery.
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