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ABSTRACT

BACKGROUND: Gunshot injuries are the third leading cause of spinal injuries, after falls from a significant height and traffic ac-
cidents. Severity of spinal damage from gunshot injury depends upon certain mechanical and biological factors. The aim of the present
study was to investigate the effect of biological factors on survival in cases of spinal gunshot injury.

METHODS: A total of 110 cases of spinal gunshot injury admitted multiple times to emergency services between 2012 and 2014
were included. Age, sex, region of trauma, additional organ or systemic involvement, treatment modalities (conservative, surgical), and
mortality rates were analyzed. Effects of biological factors on survival were evaluated.

RESULTS: Mean age of the study population was 25.51+11.74 years (min: 4; max: 55) and 95.5% of the population was male. Regions
of trauma were thoracic in 50 (45.4%) subjects, cervical in 42 (38.2%), and lumbar in 18 (16.4%). Most common American Spinal Injury
Association (ASIA) score was category A, as was found in 77 (70%) cases. No significant correlation was found among age, sex, ASIA
score, treatment modality (conservative or surgical), and survival (p>0.05). Additional organ or systemic injury was present in 66
(60%) patients. Additional organ or systemic injury significantly affected survival, independent of the spinal region of trauma (p<0.01).

CONCLUSION: Spinal gunshot injuries are complex, with unclear treatment protocol. Irrespective of the indications of spinal
surgery, additional organ injuries unfavorably affect survival in cases of spinal gunshot injury. Appropriate management of all biological
factors directly affects mortality rate in cases of spinal gunshot injury.
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INTRODUCTION

Spinal gunshot injuries are the third most common cause of
spinal injuries after falls from a significant height and traffic
accidents.!'l While incidence varies by region, involving politi-
cal and ethnic factors, spinal gunshot injuries are responsible
for 13—17% of all spinal injuries.? Although some properties
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may resemble those of other traumatic spinal injuries, certain
principles of follow-up and therapy are dissimilar.

Severity of spinal gunshot injury depends upon certain me-
chanical and biological factors.’! Among these, mechani-
cal factors include gunshot type, bullet or shrapnel velocity
and size, bullet trajectory, and distance between target and
firearm.B4 Biological factors include vertebral level of injury
(cervical, thoracic, or lumbar), vertebral column instability,
dural tear/cerebrospinal fluid (CSF) leakage, metallic or bony
fragments retained in the spinal canal, contaminated tissue
within the canal, and presence of additional organ or systemic
injuries.’! While mechanical factors are non-modifiable, well-
organized management of biological factors positively con-
tribute to survival. The aim of the present study was to ex-
plore the effects of biological factors on survival in cases of
spinal gunshot injury.
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MATERIALS AND METHODS

A total of |10 patients admitted multiple times to emergency
services following spinal gunshot injury between 2012 and
2014 were enrolled. Effects of age, sex, region of trauma,
additional systemic injury, and treatment modality on survival
were analyzed. Cases of pure spinal and/or additional organ
injury were included.

Airway, breathing, and circulation were initially checked by
emergency services, and were followed with detailed physi-
cal and neurological examination. Clothing was removed
with care, and location of foreign body entry, and if pres-
ent exit, was determined. No deep manual examination was
performed through the entry and/or exit holes (particularly
in cases of abdominal injury). Additional systemic injuries ac-
companying spinal injury were evaluated by relevant consult-
ing physicians. Appropriate radiological tests were performed
once circulation and breathing were stabilized. Admission
examination was scored according to the Medical Research

Council (MRC) Scale for Testing Muscle Strength, and neu-
rological injury was scored using the American Spinal Injury
Association (ASIA) scoring system.

In patients with primary injuries at cervical, thoracic, and
lumbar levels (Figs. 1-3), exploration for additional injury was
conducted due to the proximity of primary injury to vital
organs and systems. In the event of organ injury, the affected
organ or system was primarily treated. After general stabili-
zation, surgery was performed when | or more of the fol-
lowing conditions was present: incomplete injury, progressive
neurological deficit, foreign body (bullet or shrapnel) in the
spinal canal compressing the structures or with potential to
migrate, biomechanically instability, or CSF leakage that did
not improve with conservative therapy (Table I).

Effects of biological factors (vertebral column instability, CSF
leakage, metallic or bony fragments retained in the spinal ca-
nal, contaminated tissue inside the spinal canal, and presence
of additional visceral organ injury) on survival were explored.
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Figure 1. Radiological and gross appearance of shrapnel fragment with intramedullary location
compressing the cord at the C7-Th1 level.

Figure 2. Scenographic and axial-section computed tomographic images of a bullet in the thora-

cic region of the spinal canal.
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Figure 3. Shrapnel fragment in the spinal canal at the S-1 level.

Study data were analyzed using SPSS software (version 16.0;
SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov test was
used to test normalcy of descriptive statistics (mean, SD).
Chi-square test was used to compare data. Factors affecting
mortality and morbidity were determined by logistic regres-
sion analysis. Results were evaluated with a confidence in-
terval of 95%, and a p value of less than 0.05 was considered
statistically significant.

RESULTS

Mean age was 25.51+11.74 years (min: 4; max: 55), and 95.5%
of the population was male. Regions of trauma were thoracic
in 50 (45.4%) subjects, cervical in 42 (38.2%), and lumbar in
18 (16.4%). ASIA score was most frequently category A, as
was determined in 77 (70%) patients. Age, sex, ASIA score,
and treatment modality (conservative or surgical) were not
significantly correlated with survival (p>0.05) (Table 2).

Additional organ or systemic injuries were present in addition
to spinal injury in 58 (52.7%) patients (Tables 2, 3). Regard-
less of cervical, thoracic, or lumbar region of these injuries,
it was detected that additional organ or systemic injuries sig-
nificantly affected survival (p<0.01). Among 66 patients who
underwent conservative management, additional systemic
and/or organ injury was found in 35, and 18 (51.4%) died
during treatment (p<0.05). Of the 44 patients managed surgi-
cally, additional systemic and/or organ injury was found in 23
patients, and 9 (39.13%) died (Table 3).

Nine (23.8%) patients with cervical injury underwent surgery.
Two cases of vertebral artery injury were treated with em-
bolization, | of whom died of cerebellar ischemia. Two of 3
patients with esophageal injury died of mediastinitis (Table 4).
Twenty-four (48%) patients with thoracic injury underwent
surgery. The majority of patients with additional organ or
systemic injuries (n=35, 70%) had thoracic vertebral injuries,
owing to proximity of abdominal and thoracic organs. Tho-
racic traumas were generally managed with tube thoracos-
tomy, while thoracotomy was used when necessary. Relevant
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Table I.  Ciriteria for surgical management in spinal gunshot

injuries

Cervical Thoracic Lumbar

Decompression in
incomplete injury 2 4 -
Progressive neurological deficit 2 6 |
Mass effect or presence of
foreign material with risk of
migration in the canal or
medulla spinalis 2 5 4
CSF fistula | 3 |
Instability 2 6 5
Total 9 24 I

Table 2. Age, sex, American Spinal Injury Association score,
and treatment modality (surgery or conservative
management) did not significantly affect the survival
rate in the general study population (p>0.05)

n %

Sex

Male 105 95.5

Female 5 4.5
Spinal trauma region

Cervical 1?2 382

Thoracic 50 454

Lumbar 18 16.4
American Spinal Injury Association

A 77 70

C 9 8.1

D 18 16.4

E 6 5.5
Additional injury

Yes 58 52.7

No 52 473
Treatment modality

Surgery 44 40.0

Conservative 66 60.0
Mortality

Alive 75 68.2

Dead 35 31.8

organ repairs were conducted by members of the general
surgery department, particularly in cases of abdominal injury
(Table 5).

Eleven (61.1%) patients with lumbar injuries underwent sur-
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Table 3.

Distribution of the patients according to the treatment modality and additional organ- system injuries. Additional organ

injuries significantly increased the mortality rate in surgically and conservatively managed patient groups (p<0.01)

Additional injury in conservatively
managed patients (n=66)

Additional injury in surgically
managed patients (n=44)

Yes No Yes No
Cervical (n=42) 13 (died:10) 20 (died:3) 3 (died:3) 6 (died:1)
Thoracic (n=50) 17 (died:6) 9 (died:3) 18 (died:5) 6 (died:1)
Lumbar (n=18) 5 (died:2) 2 2 (died:1) 9
Total 35 (died:18) 31 (died:6) 23 (died:9) 2| (died:2)

Table 4.  Additional organ injuries and their outcomes in cervical injuries

n Treatment modality Mortality Cause of mortality
Vertebral artery injury 2 Embolization | Cerebellar ischemia
Tracheal injury | Surgical repair | Pneumonia
Esophageal rupture 3 Primary Repair Mediastinitis
Hemopneumothorax 10 Tube thoracostomy Pneumonia and sepsis
Total 16 10"
“Additional injury was significantly effective on mortality (p<0.01).
Table 5. Additional organ injuries and their outcomes in thoracic injuries

n Treatment modality Mortality Cause of mortality
Brachial plexus injury | Conservative -
Cerebral edema + contusion 3 Antiedema therapy 3 Cerebral herniation, pneumonia
Hemopneumothorax 18 Tube thoracostomy 5 Sepsis, Pneumonia
Intraabdominal and thoracic injury 7 Surgical repair 3 Sepsis, Pneumonia
Intraabdominal organ injury 6 Primary repair 3 Sepsis, Intraabdominal infection
Total 35 14
“Additional injury was significantly effective on mortality (p<0.01).
Table 6. Additional organ injuries and their outcomes in lumbar injuries

n Treatment modality Mortality Cause of mortality
Lumbar plexus injury | Conservative - -
Intraabdominal organ injury 5 Surgical repair 2 Sepsis, intraabdominal infection
lliac artery and vein injury | Surgical repair | Hypovolemia and DIC

7 3

“Additional injury was significantly effective on mortality (p<0.01).

gery. Seven (38.8%) patients in this group had additional or-
gan injury. Gastrointestinal systemic injuries were surgically
managed. One patient with iliac artery and vein injury died
of hypovolemia and disseminated intravascular coagulopathy,
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in spite of surgical intervention (Table 6). Spinal infection and
intraabdominal infection was detected in 6 patients with tho-
racic and lumbar injuries, 5 of whom died in spite of surgical
drainage and wide-spectrum antibiotics.
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As patients admitted to study centers were from foreign
countries, and returned to their country of origin following
medical care, no long-term follow-up data were available.

DISCUSSION

Spinal gunshot injury is most frequently observed in the tho-
racic region, followed by the lumbar and cervical regions,**!
as a larger area of the thoracic region. This may be due to the
thoracic region being a select target in military combat. Rates
of mortality in cervical region injuries is reportedly higher
due to concomitant vertebral artery injury and respiratory
dysfunction.’% Spinal injuries were presently most common-
ly located in the thoracic region, (45.4%) followed by the cer-
vical region (38.2%) and the lumbar region (16.4%). Cervical
injuries were associated with the highest number of deaths
(n=17). Thirteen of these patients had additional organ inju-
ries, including vertebral artery, tracheal, and esophageal in-
juries, which significantly affected the mortality rate. Fifteen
(30%) patients with thoracic injury died, | | of whom also had
thoracic and lung injuries. Three (16.6%) patients with lum-
bar injury died of intraabdominal organ injury and/or diffuse
infection. Additional injuries seem to have led to significantly
increased mortality in injuries of all 3 regions. (p<0.01).

Infectious complications including empyema, spinal abscess,
intraabdominal sepsis, psoas abscess, subcutaneous abscess,
and acute infection of bullet trajectory may occur after spinal
gunshot injuries.l'” Lower extremity pain syndrome or new
neurological deficits may occur as a result of arachnoiditis.
Bl Septic complications of lumbar region injuries are more
common than thoracic and cervical injuries, because a bul-
let usually crosses the gastrointestinal system.!'"'2 Romanick
et al. reported that early bullet removal prevented infectious
complications, particularly in cases with abdominal injury.l'3]
Venger et al. reported a higher contamination rate in cases
with bullet removal in bronchial and hollow organ injuries.['¥
Spinal infections were presently particularly observed in 6 pa-
tients with thoracic and lumbar region injuries accompanying
intraabdominal injuries. Five patients died from diffuse intraab-
dominal infection, while | patient was treated with abscess
drainage, irrigation drains, and wide-spectrum antibiotics.

The role of surgical therapy in spinal gunshot injuries is con-
troversial. To date, many researchers have reported that
surgical therapy had no benefit for neurological recovery in
cases with complete neurological deficit without instability.
However, laminectomy performed within 2448 hours is rec-
ommended in cases with partial neurological deficit or, par-
ticularly, cauda equina syndrome, secondary to a bony or me-
tallic fragment in the canal. Absolute indications for surgery
include cutaneous or pleural CSF fistulae and progressive
neurological deficit with radiologically demonstrable neural
compression. The other indication for surgery is instability
due to spinal fracture, which is observed in 10% of cases.
51 These were accepted as criteria for surgical therapy in
patients surgically managed.
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Spinal gunshot injuries are usually biomechanically stable.['é]
Isiklar et al.l'" and le Roux et al.l'¥l reported instability rates of
10% and 12%, respectively. It has been reported that acute or
chronic instability may develop in transverse fractures cross-
ing the vertebral facet and pedicle in the lumbar region.l'! In
the present study, Denis’ 3-column theory was used for insta-
bility evaluation.? One of 42 cervical injuries was managed
by anterior stabilization (due to disrupted corpus integrity),
and another was managed by posterior stabilization. Thoracic
injuries are more stable, due to the costotransverse joint and
thoracic cage, while the cervical and lumbar regions are more
prone to biomechanical instability.>'®] Six cases of 50 with
thoracic vertebral injury underwent surgery due to instability.
These predominantly occurred with facet or pedicle fracture
at more than | level of the thoracolumbar junction. Five of 18
cases with lumbar injury underwent surgery due to instability.
The present instability rate at all regions was | 1.8%.

Dural injury and CSF leakage are significant risk factors for
meningitis.’! It has been reported that a lumbar subarachnoid
drain after laminectomy, in addition to a primary dural repair,
or repair with a dural graft, benefits dural repair in patients
with persistent CSF leakage.?'! An external lumbar drainage
catheter was implemented in 5 patients with persistent CSF
leakage, in spite of dural repair, and in 7 patients who were
conservatively followed. CSF leakage was brought under con-
trol by placement of a lumbar drainage system in all cases.

In cases of spinal gunshot injury, spinal cord injury directly oc-
currs as a result of bullet heat and pressure. However, low-en-
ergy injuries may also lead to neural injury, due to spinal cord
or nerve root compression by metallic fragments or fractured
bony parts. A retained bullet in the spinal canal may lead to
delayed neurological signs and symptoms, depending on reac-
tive changes around the bullet.?'?? Rarely, spinal canal com-
pression by a disc fragment may occur following bullet-induced
nucleus pulposus injury.?? It is presently believed that neu-
rological injury occurred due to spinal cord compression by
bullet or shrapnel, thermal effect, direct injury to spinal cord,
or bony fragments in the spinal cord. Risk of bullet migra-
tion within the spinal canal was present in the lumbar region.
(2426 Surgery was conducted on | patient for cauda equina
syndrome, which developed 2 days after an L2 gunshot injury.

Conclusion

Spinal gunshot injuries are complex, with unclear treatment
protocol. Criteria for surgical intervention include incom-
plete neurological deficit, CSF fistula, mechanical instability,
risk of foreign material migration within the canal, and bullet
intoxication. Irrespective of the indications of spinal surgery,
additional organ injuries unfavorably affect survival in spinal
gunshot injuries. Thus, appropriate addressing and manage-
ment of biological factors directly affect mortality in cases of
spinal gunshot injury.

Conflict of interest: None declared.

257



Secer et al. Relationship of biological factors to survival in spinal gunshot injuries

REFERENCES

10.

11.

12.

13.

Miller CA Penetrating wounds of the spine. In: Wilkins RH, Rengachary
SS, editors. Neurosurgery. Vol. 2, San Francisco: McGraw-Hill; 1985. p.
1746-8.

Farmer JC, Vaccaro AR, Balderston RA, Albert TJ, Cotler J. The chang-

14.

15.

Joint Surg Am 1985;67:1195-201.

Venger BH, Simpson RK, Narayan RK. Neurosurgical intervention in
penetrating spinal trauma with associated visceral injury, ] Neurosurg
1989;70:514-8. Crossref

de Barros Filho TE, Cristante AE, Marcon RM, Ono A, Bilhar R. Gun-
shot injuries in the spine. Spinal Cord 2014;52:504—10. Crossref

ing nature of admissions to a spinal cord injury center: violence on the 16. Meyer PR, Apple DE, Bohlman HH, Ferguson RL, Stauffer ES. Sym-
rise, ] Spinal Disord 1998;11:400—3. Crossref posium: management of fractures of the thoracolumbar spine. Contemp
Jaiswal M, Mittal RS. Concept of gunshot wound spine. Asian Spine J Orthop 1988;16:57-86.

2013;7:359—64. Crossref 17. Isiklar ZU, Lindsey RW. Low-velocity civilian gunshot wounds of the
Seger M, Ulutas M, Yayla E, Cinar K. Upper cervical spinal cord gunshot spine. Orthopedics 1997;20:967-72.

injury without bone destruction. Int J Surg Case Rep 2014;5:149-51. 18. le Roux JC, Dunn RN. Gunshot injuries of the spine--a review of 49
Heiden JS, Weiss MH, Rosenberg AW, Kurze T, Apuzzo ML. Penetrat- cases managed at the Groote Schuur Acute Spinal Cord Injury Unit. S
ing gunshot wounds of the cervical spine in civilians. Review of 38 cases. Afr ] Surg 2005;43:165-8.

J Neurosurg 1975;42:575-9. Crossref 19. Yoshida GM, Garland D, Waters RL. Gunshot wounds to the spine. Or-
Hopla DM, Mazur JM, Bass RM. Cervical vertebrae subluxation. Laryn- thop Clin North Am 1995;26:109-16.

goscope 1983;93:1155-9. Crossref 20. Denis F. The three column spine and its significance in the classification of
Kahraman S, Gonul E, Kayali H, Sirin S, Duz B, Beduk A, et al. Retro- acute thoracolumbar spinal injuries. Spine (Phila Pa 1976) 1983;8:817-31.
spective analysis of spinal missile injuries. Neurosurg Rev 2004;27:42-5. 21. Bono CM, Heary RE. Gunshot wounds to the spine. Spine ] 2004;4:230~
Medzon R, Rothenhaus T, Bono CM, Grindlinger G, Rathlev NK. Sta- 40. Crossref

bility of cervical spine fractures after gunshot wounds to the head and 22. Linden MA, Manton WI, Stewart RM, Thal ER, Feit H. Lead poison-
neck. Spine (Phila Pa 1976) 2005;30:2274-9. Crossref ing from retained bullets. Pathogenesis, diagnosis, and management. Ann
Kupcha PC, An HS, Cotler JM. Gunshot wounds to the cervical spine. Surg 1982;195:305—13. Crossref

Spine (Phila Pa 1976) 1990;15:1058—63. Crosstef 23. Mirovsky Y, Shalmon E, Blankstein A, Halperin N. Complete paraplegia
Benzel EC, Hadden TA, Coleman JE. Civilian gunshot wounds to the following gunshot injury without direct trauma to the cord. Spine (Phila
spinal cord and cauda equina. Neurosurgery 1987;20:281-5. Crossref Pa 1976) 2005;30:2436-8. Crossref

Velmahos G, Demetriades D. Gunshot wounds of the spine: should re- 24. Kafadar AM, Kemerdere R, Isler C, Hanci M. Intradural migration of a
tained bullets be removed to prevent infection? Ann R Coll Surg Engl bullet following spinal gunshot injury. Spinal Cord 2006;44:326—9. Crossref
1994;76:85-7. 25. Oktem IS, Selguklu A, Kurtsoy A, Kavuncu IA, Pasaoglu A. Migration
Miller BR, Schiller WR. Pyogenic vertebral osteomyelitis after transcol- of bullet in the spinal canal: a case report. Surg Neurol 1995;44:548-50.
onic gunshot wound. Mil Med 1989;154:64—6. 26. Moon E, Kondrashov D, Hannibal M, Hsu K, Zucherman J. Gunshot

Romanick PC, Smith TK, Kopaniky DR, Oldfield D. Infection about the

spine associated with low-velocity-missile injury to the abdomen. ] Bone

ORIJINAL CALISMA - OZET

Spinal atesli silah yaralanmasinda biyolojik faktorlerin sagkalimla iligkisi
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AMAC: Atesli silah yaralanmalari yiiksekten diisme ve trafik kazasina bagli yaralanmalardan sonra, spinal yaralanmalarin en sik tiglincii nedenidir.
Atesli silah yaralanmasina bagli spinal hasarin siddeti atesli silaha bagli mekanik faktorler ve biyolojik faktorlere baglidir. Bu ¢alismada, omurga ve/
veya omurilik yaralanmasi bulunan atesli silah yaralanmalarinda biyolojik faktorlerin sagkalim tzerine etkileri degerlendirildi.

GEREC VE YONTEM: 20122014 yillari arasinda coklu merkez acil servislerine getirilen spinal ateli silah yaralanmasi olan | 10 olgu calismaya alindi.
Hastalarin yas, cinsiyet, travma bolgesi, ek organ ve sistem yaralanma olmasi, tedavi sekilleri (konservatif, cerrahi), mortalite durumlari incelendi.
Biyolojik faktorlerin sagkalim tzerine olan etkileri degerlendi.

BULGULAR: Calismamiza alinan | 10 olgunun yas ortalamasi 25.5111.74 yil (minimum: 4; maksimum: 55) olup, hastalarin %95.5’i erkekti. Has-
talarin yaralanma bélgelerine gore dagiliminda; torakal 50 (%45.4), servikal 42 (%38.2) ve lomber 8 (%16.4) idi. ASIA skoru 77 (%70) olgu ile en
sik A kategorisinde idi. Yas cinsiyet, ASIA skorunun ve tedavi seklinin (konservatif veya cerrahi), survey tzerine etkili olmadigi goriildu (p>0.05).
Hastalarin 58’inde (%52.7) spinal yaralanmaya ek organ ve sistem yaralanmasi tespit edildi. Spinal bolge ayrimina bakilmaksizin ek organ ve sistem
yaralanmalarin sagkalim Uzerinde istatistiksel olarak anlami etkisi oldugu saptandi (p<0.01).

TARTISMA: Spinal atesli silah yaralanmalari kompleks bir yaralanmadir ve tedavi protokolleri tartismalidir. Spinal atesli silah yarlanmasinda spinal
cerrahi endikasyonundan bagimsiz olarak ek organ yaralanmasi sagkalimi olumsuz etkilemektedir. Bu nedenle biyolojik faktorlerin iyi yonetilmesi
mortalite lizerinde dogrudan etkilidir.

Anahtar sozclikler: Biyolojik faktorler; spinal atesli silah yaralanmasi; survey.
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