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ABSTRACT

Aims: Since the emergence of missile injuries of spinal cord is a major management-
challenge due to its vulnerable vascularity, narrowly-packed neurons and tracts, asso-
ciated injuries caused by kinetic-energy of missiles, we sought analysis and evaluation of
missile injuries of spinal cord with the application of indigenously devised Modified SKIMS-
Functional Classification, SKIMS-injury types and Modified SKIMS-Functional Outcome
scale.

Methods: The study was conducted retrospectively in Neurosurgery, SKIMS, single tertiary
unit in Jammu and Kashmir State of India, over a period of 22 years (January 1989—
December 2010). The missile injuries of spine and spinal cord were managed under
a standard medical and uniform protocol. The civilians, injured due to firing of metallic-
bullets, pellets, tear-gas shells etc, received within 24 h of injury. Temporary spinal
immobilization, resuscitation (ABC-Guidelines), methyl prednisolone infusion and clinico-
imaging evaluation were carried out. Triaging was done by indigenous Modified SKIMS-
Functional Classification and SKIMS-injury types, while results assessed by Modified
SKIMS-Functional Outcome scale.

Results: Among 334 spinal missile injuries, penetrating injuries were 55.08%, SKIMS-injury
type-a (musculo-skeletal neural) 61.07% and metallic-bullets were commonest (69.76%)
missiles causing 44.63% dorsal injuries. The Modified SKIMS-Functional Classification
rapidly triaged and prognosticated spinal missile injuries. The CT-myelography was study
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of choice. The intrathecal and intramedullary missile migration, “Second-Flight of Bullet”
occurred in 1.49%. About 80.83% underwent surgery. The new indigenous Trans-axillary
Approach was applied in 3.33% D2-3 spinal-fixation. Meningitis and CSF leak were com-
mon. However Modified SKIMS-Functional Outcome scale showed that 47.30% (158/334) of
all spinal missile injuries improved neurological grade, 14.97% (50/334) died, most of these
in group A Modified SKIMS-Functional Classification, and 37.72% (126/334) patients had no
improvement by the end of 6 months. Among all groups, group C was most salvageable.
Conclusion: The prognosis of missile injuries of spine stays grim with only 7.18% (24/334)
patients improved to Modified SKIMS-Functional Outcome group D (good-recovery). The
multi-factorial criteria, not alone complete/incomplete injury-concept, ought to be framed
in favour of or against surgery. The Modified SKIMS-Functional Classification, SKIMS-injury
types and Modified SKIMS-Functional Outcome scale helped in rapid triaging and prog-
nosticating the spinal missile injuries.

Copyright © 2012, Neurotrauma Society of India. All rights reserved.

1.

Introduction

and pellets from rifles, pistols, hand-guns and shotguns,

The anatomical and physiological predisposition of spinal
cord is so sensitive in space and time that it demands im-
mediate decompression of compressive elements. The man-
agement of missile injuries (high velocity — >700 m/s; low
velocity — <700 m/s) of spine and spinal cord, in presence of
associated injuries, was refined slowly and fearfully in war
surgeries till the advances in modern technology. The volley
of sophisticated imaging gadgetry, presenting holistic view of
spinal canal containing roots, dura, CSF and spinal cord, has
encouraged the present day neurosurgeons, equipped with
state of art instruments, to take daring steps in surgical and
medical treatment of these injuries. Once upon a time, Harvey
Cushing 1918 did not allow surgical treatment of the clinically
paraplegic and quadriplegic patients, except for injuries below
first lumbar level.>* But the present-leap of imaging has made
us believe that even in the apparent trans-section of the spinal
cord some neural-fibres and tracts may be preserved which
need in-time chance-decompression to neural recovery. The
mere clinical impression of complete or incomplete injury
should not deter us from treating the patient either way,
surgical or non-surgical. Eventually, appropriate and suc-
cessful surgical procedure is guided by, not only imaging and
clinical condition but also by psychological, social and eco-
nomic demands of the patient. However the experience, of
treating 334 missile injuries of spine and spinal cord at SKIMS,
Kashmir, proves Harvey Cushing still relevant in that all pa-
tients do not need surgery in the presence or absence of
associated injuries and complications.

2. Subjects and methods

This study is conducted by the department of Neurosurgery,
Sher-i-Kashmir Institute of Medical Sciences (SKIMS), as
a single tertiary care hospital in the state of Jammu and
Kashmir. The department admitted all the cases of missile
injuries of spine and spinal cord over a period of twenty two
years from January 1989 to December 2010 under a standard
medical and uniform protocol. The civilian spinal missile in-
juries, which occurred as a result of firing of metallic-bullets

splinters from bomb blasts, exploding shrapnel from shells,
grenades and improvised explosive devices (IED) and firing of
tear-gas shells (owing to armed conflict in the northern Indian
region) were Kashmiris. Both low and high velocity missile
injuries of the spine were managed. All the patients were
received within 24 h of the injury. The patients on admission
were resuscitated immediately by temporary spinal immobi-
lization and ABC-guidelines (airway, breathing, bleeding, cir-
culation, catheterization of bladder etc). The patients were
allotted to Modified SKIMS-Functional System, devised at
SKIMS, Kashmir. The Modified SKIMS-Functional Classi-
fication and Modified SKIMS-Functional Outcome scale for the
triaging and prognostication of missile injuries of the spine, is
a short, simple and quick method of clinically classifying the
spinal injuries.

The Modified SKIMS-Functional Classification has 4 clinical
groups as under:

Functional Neurological (functional)

group status

A Functionally paralytic below the level of
spinal injury

B Non-functional movement (un-

coordinated and useless movements
without any direction and quality) on
exclusion of the gravity below the level of
spinal injury

G Functionally active against gravity as well
as resistance with or without support, but
uncontrolled sphincters below the level of
spinal injury

D Functionally normal sphincters but mild
or no functional deficit below the level of
spinal injury

The Modified SKIMS-Functional Outcome Scale includes
Group A, B, C, D and mortality after assessment at six months.
All patients were given intravenous fluids, antibiotics and
steroids. The steroids were received by all patients, except
injuries below the level of L1 body, in the form of methyl
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prednisolone succinate (bolus of 30.5 mg/kg infusion over
15 min followed by normal saline for 45 min and then main-
tenance as 5.4 mg/kg/h for next 23 h in those who were
admitted within 8 h of injury. However, steroids were con-
tinued till 48 h in patients who arrived within 8—24 h after the
spinal injury) except patients in SKIMS-Functional Group D.
The cervical injuries were immobilized by a rigid and high
collar; the dorsal spine was immobilized in a spinal jacket and
lumbo-sacral region in a corset. The patients were shifted for
investigations on rigid spinal-boards like a log of wood. The
vital functions like consciousness, breathing, pulse rate, blood
pressure, thorough neurological examination and bladder
status were checked and recorded. The basic haematological
and biochemical investigations were performed in all
patients. All the patients were subjected to double view radi-
ography. The plain myelography, plain reconstructive or 3-D
CT-scan and CT-myelography of the spinal region was car-
ried out in most patients. The MRI was used only in cases
where patients were evaluated and found as foreign body or
metal free. After the clinico-radiological evaluation, the pa-
tients were either managed surgically or conservatively. The
associated injuries (trachea, oesophagus, thoracic, gut etc)
were dealt with, on priority basis, by the concerned surgeons.
Based on the clinical, radiological and intra-operative find-
ings, all the spinal missile injuries were divided into two
SKIMS-injury types for the outcome and mortality; Type-a)
clean (musculo-skeletal neural) injuries were cases where
missiles did not traverse any viscus, cavity or a solid organ but
muscle, vessel or bone. While Type-b) contaminated (esoph-
ago-thoraco-abdominal neural) injuries were patients with
associated organ injuries. The patients were assessed at dif-
ferent intervals of time using Modified SKIMS-Functional
Outcome scale. The final observations were considered only
at six months after the injury to spine. The results were
compiled and analysed using statistical law of variance.

Table 1 — Application of Modified SKIMS-Functional

classification to missile injuries of spine and spinal cord
at admission.

SKIMS- Neurological No. = % of
Functional (functional) patients
group status

A Functionally paralytic 277/334 = 82.93

below the level of
spinal injury

B Non-functional movement
(un-coordinated and
useless movements
without any direction
and quality) on exclusion
of the gravity below
the level of spinal injury

© Functionally active
against gravity as well
as resistance with or without
support, but uncontrolled
sphincters below
the level of spinal injury

D Functionally normal
sphincters but mild or no
functional deficit below
the level of spinal injury

29/334 = 8.68

25/334 =7.48

3/334 = 0.89

126) quadriparesis of which 36.50% (46/126) died up to 6
months. The dorsal and dorso-lumbar missile injuries caused
39.82% (133/334) paraplegias. The preoperative mortality of
4.19% (14/334) out of all (50/334) deaths was recorded (Table
4). The most spinal injuries were SKIMS Type-a ie. clean
(musculo-skeletal neural) spinal injuries = 61.07% (204/334).
The rest were SKIMS Type-b i.e. contaminated (esophago-
thoraco-abdominal neural) spinal injuries (Table 5).

3. Results

A total of 334 patients had high and low velocity missile in-
juries of the spine and spinal cord. The perforating injuries
(presence of wounds of entrance and exit) were found in
44.91% (150/334) patients and the penetrating injuries (pres-
ence of wound of entrance) in 55.08% (184/334) patients. Most
of the perforating injuries were observed in straight trajec-
tory para-spinal/para-midline site to para-umbilical site,
from antero-lateral thoraco to para-spinal and latero-lateral
in posterior part of neck region fracturing transverse and
spinous processes of a vertebral body and subsequent cord
injury. The missile trajectories in penetrating injuries were
mostly anterior or posterior with oblique as well as straight
trajectory. The spinal level most commonly injured was
dorsal spine (41.31% = 138/334) and most common missiles
were bullets and pellets, with high infective potential, in
mostly young males (Tables 1—3). The longest metallic-bullet
measured approx. 60 mm in length with a diameter of 12 mm
in upper lumbar region causing lieno-renal and gut injury
(Figs. 1-5). The decubitus ulcers and pneumonias were fre-
quent complications. The cervical missile injuries (37.72%)
comprised of 83.33% (105/126) quadriplegias and 16.66% (21/

4. Investigations

All patients were subjected to plain radiography in antero-
posterior and lateral views, although oblique views were
achieved in special circumstances. The X-rays helped in
ascertaining the level and column of bony injury and also

Table 2 — Age, sex and the mortality in spinal missile

injuries.
Agein Number Males Females Children® Deaths

years of
patients
(cases)

0-10 2 0 0 2 0
11-20 62 34 2 26 8
21-30 182 176 6 0 28
31-40 58 58 0 0 12
41-50 22 22 0 0 2
Above 50 8 8 0 0 0
Total 334 298 8 28 50

a Children: aged 18 years and below.
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Table 3 — Associated

Major complications

Associated injuries

No. of

Spinal
level

Faecal Urinary
fistulas

Septicaemia

Meningitis

CSF

Genito-  Spleen

Gastro-
intestinal

Hepatobiliary

Thoracic

Lungs

Tracheo-
oesophagal

patients

fistulas

leak

uinary

Sub-Atlas cervical region

C2—-C4
C5-C6

10
22

14
30

24
62

16

Cervico-dorsal Junction

C7-D1

24

40

Dorsal region

D2-6

42

10
14

22

18
34

74
64

24

D7-11

Dorso-lumbar junction

D12-L1

10

16

52

Lumbar region

L2-5

14

Sacral
Total

124

38

82

25

29

52

334

*All cases of craniovertebral junction (including odontoid) were excluded from the study.

Fig. 1 — Plain X-ray cervical spine showing a metallic-bullet
lodged at C2—3 vertebral bodies.

ensured if the patient was foreign body (metallic)-free in case
MRI was necessary (Figs. 1—3). More than two-thirds (230/
334) of all the patients underwent initial plain, reconstructive
and 3-D CT scanning of the inflicted region to assess the
depth of missile and bony fragments and also to rule out
multi-organ injuries (Figs. 4—6). However, CT-scan was con-
verted into CT-myelography urgently in about 30% (70/230) of
these to rule out neural compression. The early and delayed
CT-myelography was performed in 87.12% (291/334) of all

M
i el
r : A%
1 \;h}.\d._' 'l"fﬁl'

Fig. 2 — Plain X-ray dorsal spine reveals a metallic-bullet at
D6—7 level.
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Fig. 3 — Digital view of lumbo-sacral spine depicts
a metallic-bullet at S1 laminar level.

missile injuries. The anatomical location of missiles, their
tracks, osseous and neural damage was well ascertained by
CT-myelography (Fig. 7). The metallic and non-metallic-bul-
lets, splinters, bone and missile projectiles, trapped air and
debris could be detected on the CT-myelography. The plain
myelography defined the anatomical compression or

Fig. 4 — Axial view of plain CT-scan of upper lumbar spine
shows metallic-bullet (approx 60 mm long) embedded in
spinal canal and pedicle of vertebra in a paraplegic patient.

Fig. 5 — Clinical photograph of a multiple pellet injury
patient fired from shotgun.

continuity of the cord (Fig. 8). The spinal MRI in presence of
metallic missile injuries was not possible (fear of potential
neural damage and missile migration) except in 8.68% [29/334]
patients whose radiography and plain CT-scanning did nei-
ther show any metallic foreign bodies nor any skeletal ab-
normalities. And of these 89.65% (26/29) i.e. 7.78% (26/334) of
all spinal missile injury patients had intramedullary contu-
sions and 0.89% (3/334) had apparently normal imaging. The
cord contusions were caused by remote effects of missile
cavitation and blast waves leading to radial churning of cord
tissue. About 50.00% (167/334) patients had two column injury
and 29.04% (97/334) had one column injury while 12.27% (41/
334) patients had three column injury.

5. Intrathecal and intramedullary missile
migration (second-flight of a bullet)

There were 1.49% (5/334) patients of intra-spinal missile
migration (Figs. 9 and 10). The two of these patients were
wounded by shotgun with multiple pellet injuries, one of
them in cervical spine and the other one in dorsal spine. The
pellet migration was detected on the plain radiographs which
were asked after complaint of shifting of radicular pain which
the patients rated as mild. However these were managed
conservatively. Among the rest were one bullet injury to cer-
vical spine and two dorsal spine bullet injuries. The cervical
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Table 4 — Modified SKIMS-Functional Classification and mortality related to type of missile injury at different spinal levels.

Spinal No. of
region patients

Missile type

Modified SKIMS- Deaths
Functional
classification groups
at admission

Bullet Splinter Tear-gas Pellet A B C D
shell

Sub-Atlas cervical region
Cc2-Cc4 24 11 7 4 2 22 2 0 0 14
C5-C6 62 48 5 3 6 50 12 0 0 28

0

0
Cervico-dorsal junction
C7-D1 40 28 8 0 4 33 6 1 0 4
Dorsal region
D2-6 74 54 6 0 14 64 3 7 0 3
D7-11 64 50 12 0 2 58 2 4 0 1
Dorso-lumbar junction
D12 - L1 52 36 10 0 6 45 2 5 0 0
Lumbar region
L2-5 14 4 4 2 4 5 2 7 0 0
Sacral 4 2 0 0 2 0 0 1 3 0
Total 334 233 52 9 40 277 29 25 3 50

*4.19% (14/334) injuries died preoperatively and 10.77% (36/334) postoperatively.
*Of all pellet and splinter injuries 34.04% (32/94) had multiple pellets and splinters.

bullet migrated intra-thecally from C4-5 disc space, in which it
was lodged, to C7 body level. The patient developed progres-
sive neurodeficit from Modified SKIMS-Functional Classi-
fication Group B to Group A in the process of investigations.
The patient underwent surgical removal of the bullet and
dural repair. One of the dorsal missile injury patients with
dorsal 3rd vertebral level intra-spinal bullet underwent intra-
operative fluoroscopy for confirmation, however the projectile
was found to be lying at lumbar 2nd vertebral body level and it
was removed by laminectomy. The fifth case of intra-spinal
migratory missiles was a 15-year-old paraplegic male child
who was hit in upper dorsal region by a stray bullet, fired, from
about 300 m away, by a self-loading rifle. The clinical exami-
nation showed an entrance wound, in the upper inter-
scapular midline area, at the spinous process of 4th dorsal
vertebra. However plain CT and CT-myelogram showed
a metallic foreign body (bullet), pointing caudally in the centre
of dorsal spinal cord at D10—11 level, with its long axis in
sagittal direction (Figs. 9 and 10). But, surprisingly, on oper-
ation table the X-rays and surgical exploration revealed
presence of 30 mm longbullet lodged in central canal of spinal

cord (intramedullary bullet) at D12—L1 vertebral body level
(Figs. 11 and 12). Since the bullet was caught in the act of
migration on CT-myelogram, the migration process was
called “Second-flight of a Bullet” in the body. The missile mi-
grations took place mostly via intra-dural and extra-dural
spaces but the intramedullary migration like this one was
rare. The causes of missile migration were gravity, CSF and
cord pulsations, tissue necrosis (in delayed removal) around
the projectile, frictionless slimy surface of the bullet and po-
tential and negotiable CSF-laden central canal of spinal cord
in rare cases.

6. Intra-discal bullets

About 1.19% patients (4/334) had intra-discal location of bul-
lets and one of these migrated. All the intra-discal bullets were
removed, 2 by laminectomy in the lower lumbar region, one in
cervical region by anterior corpectomy and another one
through antero-lateral thoracotomy in the dorsal region.

Table 5 — SKIMS types of penetrating and perforating spinal missile injuries and relation to Modified SKIMS-Functional

classification at admission.

Modified SKIMS-injury SKIMS-injury No. of cases with No. of cases with no Deaths
SKIMS type-a type-b neural recovery change in neurodeficit

Group

A 201 (61.07%) 76 (22.75%) 129 105 43

B 0 29 (8.68%) 6 18 5

C 0 25 (7.48%) 23 (92%) 0 7

D 3 0 0 3 0
Total 204 (61.07%) 130 (38.92%) 158 126 50
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Fig. 6 — Plain CT-scan of upper dorsal spine reveals
subcutaneous emphysema, pneumothorax, lung
contusion and shattered vertebral lamina and canal in
a missile injury patient.

6.1. Management

All patients were given intravenous fluids, antibiotics, ste-
roids, bladder catheterization, skin and joint care. The spinal-
boards were used to shift and transport patients and tempo-
rary spinal immobilization was provided by the orthoses and
orthotic support while planning for definitive stabilization.

Fig. 7 — CT-myelogram in sagittal reconstruction of
a missile victim depicting disruption of L5 lamina and
myelo-block downwards from L4 vertebral level.

About one-fifth (64/334 = 19.16%) of all spinal missile injuries
were managed conservatively. These patients had no bony
abnormalities, no instability, no CSF leaks or fistulas,
7.78%(26/334) had intramedullary contusions without bony
fractures, no retained missile fragments in cervical, dorso-
lumbar junction and lumbo-sacral region and were having
either complete neurodeficit or a mixed sensory-motor and
incomplete deficit.

6.2. Surgical management

The surgical intervention was performed on 80.83% (270/334)
patients of spinal missile injuries (Table 6 and 7). All the
lumbo-sacral injuries and more than 86% cervical injuries
underwent surgical treatment. The indications of surgery were;
progressive neurological deterioration in incomplete injuries
from higher grade to lower or Modified SKIMS-Functional
Classification Group C and B to A, all incomplete and com-
plete injuries with spinal cord compression, CSF leaks and
fistulas, spinal instability, pneumo-myelia, retained missiles,
missile and bone fragments in the dorso-lumbar junction
(cauda equina) and bleeding missile tracks, migrated pro-
jectiles and intra-discal bullets (Figs. 11 and 12). An incom-
plete or complete spinal injury without above associations
was conservatively managed. The aims of surgery were; to
hope for the improvement in the neurological grade of
incomplete spinal injuries; recovery or improvement in com-
plete spinal injuries; to avoid wound infection, CSF leaks and
fistulas and meningitis; to prevent spinal abscess and osteo-
myelitis and to rehabilitate the patients by preventing spinal
deformity, gibbus formation and chronic pain. The scope of
surgery was; to do a complete debridement of missile track;
removal of accessible missile and bone fragments from the
spinal canal; decompression of spinal cord; spinal stabiliza-
tion; dural repair and duroplasty. However, spinal cord was

Fig. 8 — Plain myelogram of a patient displays myelo-block
due to splinter injury at cervico-dorsal junction.
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Fig. 9 — Plain axial CT-scan reveals, Second-Flight of a Bullet, process of migration of a metallic-bullet with its long axis

sagittally inside lower dorsal spinal canal (See Fig. 10).

not visualized in patients where dura was intact or dura was
torn in absence of intra-dural retained missile and bony
projectiles.

6.3.  Mortality

An overall mortality of 14.97% (50/334) was recorded and most
of these, 12.87% (43/334), occurred in the Modified SKIMS-
Functional Classification Group A as compared to B and C
groups. The average length of hospital stay of all patients was
21 days and it ranged from as shot as 7 days in some cases to
as long as 119 days in others.

6.4. Outcome
The Modified SKIMS-Functional Outcome scale was used to

assess the neurological condition of patients and final obser-
vations were recorded at six months after the spinal missile

injury (Table 8). Among all groups, Group C was most (92%)
salvageable.

6.5. Discussion

Since the spinal canal (containing dura, CSF, spinal cord and
its roots) is ventrally covered by the air-filled and food-product
containing hollow, tubular and solid organs like nasopharynx,
oral cavity, oropharynx, larynx, oesophagus, trachea etc and
dorso-laterally by the muscular, skeletal and vascular com-
ponents, so the spinal missile injuries were divided into two
SKIMS-injury types; a) Clean spinal (musculo-skeleto neural)
injuries = 61.07% (204/334) and b) Contaminated spinal (esophago-
thoraco-abdomino-neural) injuries = 38.92% (130/334). By this
division, from the type-a (clean) spinal injuries 61.07%, about
60.17% (201/334) were bad/worst admission grade classified as
Group A of Modified SKIMS-Functional Classification and had
5.88% (12/204) deaths. While 0.89% (3/334) type-a spinal

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


http://dx.doi.org/10.1016/j.ijnt.2012.11.012
http://dx.doi.org/10.1016/j.ijnt.2012.11.012

THE INDIAN JOURNAL OF NEUROTRAUMA 9 (2012) 99—I1I1 107

Somaris/5 3D Po;tpror,e
VA

Fig. 10 — CT-scan sagittal reconstruction shows, Second-
Flight of a Bullet, a metallic-bullet of 3° mm long x 10 mm
dia. in the process of migration inside lower dorsal spinal
canal (See Fig. 9).

injuries were Group D Modified SKIMS-Functional Classi-
fication. Of all type-b or contaminated spinal injuries 38.92%,
about 22.75% (76/334) patients were in Modified SKIMS-
Functional Classification Group A and had a mortality of
40.79% (31/76). The rest, 16.16% (54/334), were in Modified

Fig. 11 — An intra-operative photograph, post-
laminectomy, shows the metallic-bullet embedded within
the spinal cord at L1 level.

Fig. 12 — An intra-operative photograph showing removal
of a metallic-bullet from within the spinal cord.

SKIMS-Functional Classification Group B and C with a mor-
tality of 12.96% (7/54).

6.6. Incidence

The gunshot wounds of the spinal cord account for 13—17% of
all spinal cord injuries every year. These injuries are reported
to occur most commonly in dorsal region and in young mal-
es.*"® Gunshot wound is the second commonest cause of the
spinal cord injury (SCI) in USA after the road traffic accident®.
In Italy latest epidemiological data shows that ballistic in-
juries to spine comprise 1% of all spinal cord trauma.’ In
a study of 22 cases of spinal missile injuries, there were 18%
bullet injuries, 66% > one splinter.'® A retrospective study on
Croatian spinal injuries, in 96 patients in four years period,
showed mean age for civilian injuries as 38.5 years and sol-
diers as 28.5 years with an overall range of 15-59 years.
However most patients, 55%, had injuries in lumbar spine and
only 17.7% had cervical and dorsal injuries. The most com-
mon, (51%), types of missiles were projectiles fired from
automatic rifles and sniper; explosive devices 39% and blast
injuries 10%.'* However a previous study of Croatian civil war
reported that most of the patients were injured due to ex-
ploding shells and all patients had postoperative neuro-
logical.® In SKIMS, the metallic-bullets were the most
common type of missiles (69.76%) causing spinal injuries
especially in the dorsal region (44.63%), followed by cervical
spine (25.32%). The metallic splinters (15.56%) and lead pellets
(11.97%) were the next common missile injuries and the dorsal
spine injuries outnumbered all other regions in both missile
types i.e. splinters (34.61%) and pellets (40.00%). The young
males were most common victims. All the patients were tri-
aged according to the Modified SKIMS-Functional Classi-
fication in four groups A, B, C and D. Most of the patients
(82.93%) were found to fit in the worst neurological Group A.
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Table 6 — Types of surgical procedures and approaches in270 spinal missile injuries.

Procedure Location Approach No. of patients
1. Decompressive Corpectomy C2—C6 bodies Anterior cervical 28
and >inter-body fusion/fixation C7-D2 Lateral clavico-sternotomy 7
(cervico-dorsal junction)
D2-D3 (a) *Trans-axillary (through axillary-pit 9
between 2nd and 3rd ribs)
(b) Midline sternotomy 4
D3-D11 PModified poster-lateral Inter-costal/ 44
Rib-resection extra-pleural approach
D12-L4 Modified postero-lateral extra-pleural 10
retro-peritoneal
2. Non-decompressive posterior LS5, S1 Percutaneous posterior midline 11

trans-pedicular fixation

3. Decompressive laminectomy Any level
and laminotomy

4. Missile tack debridement and Any level
haemostasis

Total

Posterior midline 133 (49.25%)
Locally 24

270

a Anindigenous and special Trans-Axillary Approach (laterally between second and third ribs; indigenously developed and usually used for D2

tubercular spondylitis).

b Though closed suction drains and chest tubes were used in all surgically treated cases but no specific lumbar drains for CSF diversion were

used in any case.

6.7.  Associated injuries

The present study at SKIMS observed that the lungs were the
most common, (15.56%), injured organ in association with
spinal missile injury, that is about 40.00% among associated
injury group. The lungs were mostly injured in lower dorsal
regioni.e. D7—D11 (65.38%). The next common injury occurred
to the thoracic cavity (8.68%), more so in the upper dorsal re-
gion i.e. D2-D6 (75.86%). However, of all (7.48%) gastro-
intestinal tract injuries, most (64.00%) were associated with
the dorso-lumbar junctional (D12—L1) injuries. Other asso-
ciated injuries like tracheo-oesophageal, Hepatobiliary,
genito-urinary and splenic were less common (Table 3). A

series of 22 cases of spinal missile injuries reported 31%
associated injuries.’® The authors of a study reported 114 pa-
tients with 23.7% having gut injury. The surgical treatment
significantly increased wound and spinal infections while the
patients on conservative treatment for GI tract injury, did
well.?

6.8. Investigations

The present SKIMS study avoided general use of MRI in spinal
missile injuries for the reasons of fear of potential neural
damage and missile migration. The early and delayed CT-
myelography was performed in 87.12% (291/334) of all

Table 7 — Management and Modified SKIMS-Functional outcome scale.

Spinal No. of Management Modified SKIMS-Functional Outcome

level cases scale — 6 months post-missile injury spine
Conservative Surgical Group A Group B Group C Group D Mortality

Sub-Atlas cervical region

Cc2-Cc4 24 42 20 5 3 1 1 14

C5-Ce6 62 8 54 8 5 17 4 28

Cervico-dorsal junction

C7-D1 40 10° 30 22 6 7 1 4

Dorsal region

D2-D6 74 16° 58 47 7 14 3 3

D7 D11 64 8 56 35 8 16 4 1

Dorso-lumbar region

D12-L1 52 18° 34 26 7 15 4 0

Lumbar Region

L2-15 14 0 14 0 1 10 3 0

Sacral 4 0 4 0 0 4 0

Total 334 64 (19.16%) 270 (80.83%) 143 (42.81%) 37 (11.07%) 80 (23.95%) 24 (7.18%) 50 (14.97%)

a 7.78% (26/334) spinal missile injury patients had intramedullary contusion without any skeletal injury and were managed conservatively.
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Table 8 — Outcome and mortality of 334 spinal missile

injuries.

No. of missile Modified Total
injuries of SKIMS-Functional
spine outcome scale
A B @ D Deaths
At Admission 277 29 25 3 - 334
No change in 105 18 0 3 = 126
neurodeficit
at 6 months
Deaths 43 5 2 0 50 50
Neurological 129 6 23(92.0%) O = 158
improvement
at 6 months
Group total 105 75 80 24 (7.18%) 50 334
at 6 months

missile injuries. A study shows that the myelogram was per-
formed on 18%, CT-myelogram on 50% and MRI on 18% of
spinal missile injuries.'® The reporters have advised to obtain
double orthogonal plain radiographs of the spine to detect
missile fragments and fractures of vertebrae followed by CT-
scan which is the study of choice for precise localization of
bullets and bone fragments. However MRI is not used for the
potential neural damage it might cause.***® The Croatian war
study observed that diagnostic tools of choice were plain
radiography, computed tomography and computed tomogra-
phy myelography.?

6.9. Treatment

The treatment of these injuries is dictated by the clinical,
radiological, socio-economical and psychological demands
and needs of the patients. This study included several young
patients from both sexes who developed behavioural disor-
ders and anti-psychotics did not improve their condition.
These were deeply depressed and mere surgery, an indicated
procedure, did not help them to get ready for postoperative
physiotherapy, a must activity. The complete or incomplete
injury-concept must not be the lone factor in decision making
for management of spinal missile injuries. A cavitation injury
of cord with dural tear and CSF fistula, caused by closely tra-
versing bullet, needs surgery in an apparently normal looking
cord with complete injury. About one-fifth (19.16%) of all spi-
nal missile injuries at SKIMS were managed conservatively.
These patients had no bony abnormalities, no instability, no
CSF leaks or fistulas, no retained missile fragments in cervical,
dorso-lumbar junction and lumbo-sacral region, but had
intramedullary contusions (7.78%) without any bony fractures
and were having either complete neurodeficit or no deficit at
all. The surgical intervention was performed on 80.83% pa-
tients of spinal missile injuries (Table 7). A study reported that
conservative treatment was given to 9% and operative treat-
ment to 77% while all patients were put on the steroids.™
According to North Atlantic Treaty Organization (NATO) doc-
trine, indications for the surgical treatment of war spinal in-
juries are progressive neurologic deficit and spinal
instability.'® The authors of a study followed advocates of the

view that war spinal injuries should be treated con-
servatively.'* Although other investigators opine that patients
with progressive or new-onset neurologic deficit with a radi-
ologically identifiable cause like missiles, bones, haematomas
should be treated with urgent decompression. The indications
for surgery include persistent CSF leak, dural tear to avoid
meningitis and lead intoxication®**'~%° Studies performed
on soldiers wounded in combat zones, where the majority of
injuries are high energy, have shown surgical debridement as
the most efficacious factor in preventing secondary compli-
cations®?! A study on 65 cases of bullet injuries reported no
difference in conservative and surgical management.?? While
other study indicates surgery an option in all cases.”®> Some
advise surgery for partial neurodeficit or incomplete injury as
essential for neurological recovery, however management for
complete injury is debatable in their view.?* It is reported that
surgical exploration for removal of retained missiles and bone
fragments in cauda equina injuries for the recovery of roots is
mandatory, but primary and severe spinal cord injury do not
stand a chance in the worse admission neurological grade.
However decompression of even one root in cervical cord
makes a lot of difference in rehabilitation'’?%?>%26 The
SKIMS study observed that an indigenous and special tech-
nique of Trans-Axillary Approach (between second and third
ribs) was used to decompress the D2, 3 vertebral bodies with
corpectomy and fixation in 3.33% patients. The 28% patients of
Croatian war were treated surgically and 72% conservatively,
broad spectrum antibiotics were used in all patients.* It was
revealed in a series of 24 spinal missile injuries with neuro-
deficit that half of these were operated and half managed
conservatively. The 50% of those operated improved neuro-
logically and 25% died, while 66.66% of conservatively man-
aged patients improved neurologically and none had died.”’
The trans-sected spinal cord was not being operated upon
unless injury occurred below L1.2 An author does not give
steroids and projectile migration rare.?® At SKIMS, the Modi-
fied Postero-lateral Trans-thoracic Trans-pleural Approach
was used for the dorsal bodies of third to eleventh vertebrae.
The dorso-lumbar junction (D12—L1) and lumbar 2nd and 3rd
bodies were approached through Modified Postero-lateral
Extra-pleural Retro-peritoneal Approach.

7. Missile migration or Second-Flight of
Bullet

While reviewing literature for migratory missiles, Moon et al.
advised to remove intra-spinal/intrathecal bullets to avoid
lead toxicity and continuous nerve rootlet micro-trauma and
irritation.”®The retained bullet fragments should be removed
surgically if progressive and worsening neurodeficit occurs or
if fear of missile migration is there.?” The causes of missile
migration are gravity, CSF and cord pulsations.® The retained
accessible projectiles were removed because intrathecal
migration of missiles can lead to neurodeficit due to hemor-
rhages and physical pressure. The present SKIMS study
detected one intact missile (Bullet) in live migration through
potential-path of central canal of spinal cord and hence was
called Second-Flight of Bullet (Figs. 8 and 9). However removal
of small pellets of 2—3 mm size could produce more iatrogenic

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


http://dx.doi.org/10.1016/j.ijnt.2012.11.012
http://dx.doi.org/10.1016/j.ijnt.2012.11.012

110 THE INDIAN JOURNAL OF NEUROTRAUMA 9 (2012) 99—I1I1

(surgical) neurodeficit than recovery so were left alone. But all
four (1.19%) patients of intra-discal bullets were subjected to
surgery for projectile removal. The process of migration of
bullets could be suspected and detected as soon as neuro-
deficit sets in (Figs. 9 and 10).

8. Complications and mortality

The present study recorded an overall mortality of 14.97%. The
cervical spine missile injuries had 48.83% deaths. The average
hospitalization length was 21 days with a range of 7—119 days.
The length of stay in SKIMS patients and mortality was
increased due to cervical and dorsal cord injury and projectile
most involved being bullet and fatal postoperative complica-
tions. Among major complications (75.44%), the most frequent
was septicaemia (49.20%). This was followed by CSF fistulas
(32.53%). The meningitis was also common (15.07%). The uri-
nary and faecal fistulas were found in the lumbo-dorsal,
lumbar and sacral regions only (Table 3). The decubitus ul-
cers and pneumonias were frequent complications. Although
there are reports of no CSF leak and no meningitis in one study
of 22 cases.’® But in another study of 153 patients, the wound
infection is reported in 9.8%, retained bullet related infection
7.4%, penetrating track infection 12.5% and 8.4% spinal
infection in associated colonic injuries. These authors believe
that retained bullets in the spine are not a significant risk
factor for the development of local septic complications.?! It is
also reported that septic complications after gunshot wounds
of the spine, such as osteomyelitis, meningitis, intra-thoracic
or intra-abdominal abscess, often lead to catastrophic con-
sequences.?® The authors of a series doubt whether factors
like site of injury, retained bullets and a bullet passing through
colon are full of risk in promotion of sepsis or not.>>>* The
mortality of Croatian war patients was 4.16% with a 17 day
average length of hospital stay and a range of 14—93 days. The
complications noted were wound infection, urinary tract
infection, decubitus ulcers and pneumonias.'* The reported
operative mortality is as less as 1%.%® The author of a study
revealed total 18% death of which, 13% occurred preopera-
tively and 4.6% postoperatively.'® Others reported 25% oper-
ative deaths and no deaths in conservatively treated group.?’
In Vietnam war aggressive surgical methods paid in
improvement of mortality.® At SKIMS, the doubt and debate
about the sterility of a bullet passing through colon into the
spinal cord is not as important as is the demonstrable fistu-
lous bullet-track causing fatal spinal infection. Moreover
bullets have been associated with reasonably high damaging
and infective potential. Whether biological (to induce or
increase infectivity) and explosive warfare has been mingled
together, by the manufacturers, to leave the target (victim)
absolutely irreparable is not known. Why the immune
breakdown, of the subjects is so quick to let infection grow
into septicaemia, is debatable.

9. Outcome

The Modified SKIMS-Functional Outcome Scale noted a total
of 47.30% spinal missile injuries improved their neurological

grade and 14.97% died, by the end of 6 months. The 37.72%
patients had no improvement and survived in severe handi-
cap. The Modified SKIMS-Functional Outcome in missile in-
juries of spine showed that Group C and D had the best
prognosis with improvement in 23 out of 25 patients and no
deterioration in Group D (3 patients) respectively. The post-
operative improvement of 15 patients to group D from group A
was noteworthy. Of the all groups, Modified SKIMS-Functional
group A was most affected by the mortality with 15.52%. A
study noted 82% quadriplegics, 18% partial deficits and 9%
intramedullary contusions.® About 43% of Croatian war
injury patients survived with severe disability.’* Waters and
Adkins in a review of 90 patients stated that bullet removal
from D12 to L5 level led to significant neurologic motor
improvement.® Yoshida and Lindsey suggested that bullet
removal from upper lumbar region may not produce pain-
reduction or sensory improvement but may significantly in-
fluence motor recovery.®*’

10. Conclusion

The precarious, vulnerable position and vascularity of the
spinal cord inside the bony rigid spinal canal is such that its
very anatomical integrity and physiological functions are
vulnerable and threatened due to dissipation of kinetic energy
of low and high velocity missiles, leave alone devastation
caused by physical injury of missiles. The short and simple
Modified SKIMS-Functional Classification, SKIMS-injury types
and Modified SKIMS-Functional Outcome scale helped rapid
triaging and prognosticating the spinal missile injuries. The
new and indigenous Trans-Axillary Approach to D2, 3 bodies
for fixation is a noval approach. The multi-factorial criteria,
not alone complete/incomplete injury-concept, ought to be
framed in favour or against surgery. The rapidly progressing,
precise and accurate technological advances may lead hope-
fully to better answer to these injuries tomorrow.
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