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Background: Previous studies have suggested that pa-
tients transported by emergency medical services (EMS)
following major trauma had a longer injury-to-
treatment interval and a higher mortality rate than their
non-EMS–transported counterparts.

Hypothesis: There is little actual benefit of thoraco-
lumbar immobilization for patients with torso gunshot
wounds (GSW).

Design: Retrospective analysis of prospectively gath-
ered data from the Maryland Institute for Emergency
Medical Service Systems State Trauma Registry from July
1, 1995, through June 30, 1998.

Settings: All designated trauma centers in Maryland.

Patients: All patients with torso GSW.

Main Outcome Measures: (1) A patient was consid-
ered to have benefited from immobilization if he or she had
less than complete neurologic deficits in the presence of

an unstable vertebral column, as shown by the need for op-
erative stabilization of the vertebral column; (2) mortality.

Results: There were 1000 patients with torso GSW.
Among them, 141 patients (14.1%) had vertebral col-
umn and/or spinal cord injuries. Two patients (0.2%)
(95% confidence interval, −0.077% to 0.48%) required
operative vertebral column stabilization, while 6 others
required other spinal operations for decompression and/or
foreign body removal. The presence of vertebral col-
umn injury was actually associated with lower mortal-
ity (7.1% vs 14.8%, P,.02).

Conclusions: This study suggests that thoracolumbar
immobilization is almost never beneficial in patients with
torso GSW, and that a higher mortality rate existed among
those GSW patients without vertebral column injury vs
those with such injuries. The role of formal thoracolum-
bar immobilization for patients with torso GSW should
be reexamined.
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W ITH CERTAIN types
of trauma, it has
been estimated that
for every 10 min-
utes of delay in

definitive treatment, survival drops by
10%. This suggests that prolonged injury-
to-treatment intervals are deleterious for
critically injured patients.1 In a previous
retrospective study, trauma patients
transported by emergency medical ser-
vices (EMS) to an urban level I trauma
center had a higher mortality rate than
their non-EMS–transported counter-
parts.2 The authors speculated that the
difference in mortality were due to the
difference in the lengths of prehospital
times for the 2 groups. In a prospective,
multidisciplinary follow-up study, non-
EMS–transported critically injured trauma
patients (Injury Severity Score $13) were

found to arrive at the hospital earlier after
their injury than their EMS-transported
counterparts.3

Thus, procedures in the EMS proto-
col, which might be associated with in-
creased time, must be assessed not only
for their potential benefits, but also in con-
sideration of the potentially negative ef-
fect of the time required for their perfor-
mance. Our multidisciplinary study was
undertaken to examine one such proce-
dure, thoracolumbar immobilization, for
patients with torso gunshot wounds
(GSW).

RESULTS

DEMOGRAPHIC INFORMATION

A total of 4247 patients with GSW were
found in the State Trauma Registry dur-
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ing the 3-year study period, with a total of 1000 patients
sustaining penetrating injury in the torso. The patient
population was predominantly young (median age, ,25
years) and male (90.8%). About two thirds (67.0%) of
these injuries occurred in Baltimore. A slow downward
trend was noted in the number of GSW patients during
the 3 years, from 1572 in fiscal year (FY) 1996, to 1375
in FY 1997, and 1300 in FY 1998.

PATTERN OF INJURIES

Among the 1000 patients with torso GSW (Figure),
141 (14.1%) had sustained some vertebral column
and/or spinal cord injuries. Of these 141 patients, 73
survivors had complete neurologic deficits, while 58
survivors sustained no deficits or an incomplete lesion
such as anterior cord syndrome or central cord syn-
drome. Of the 58 patients who survived with less than
complete spinal cord injuries, only 2 patients required

operative vertebral column stabilization, and no patient
required halo traction. Six other patients had under-
gone other spinal operations, including removal of for-
eign body (n=4), exploration and decompression (n=2),
and rhizotomy (n=1).

The rate of vertebral column injuries severe enough
to require operative stabilization was 0.2% (2/1000; 95%
confidence interval [CI], −0.077% to 0.48%) among all
patients with torso GSW, and was 1.4% (2/141; 95% CI,
−0.53% to 3.4%) among patients with some vertebral col-
umn injury.

MORTALITY

The total death rate among the 1000 patients with torso
GSW was 13.7%. The death rate in the subgroup of pa-
tients who had no vertebral column injury was 14.8%
(127/859), while it was 7.1% (10/141) in the other sub-
group who had sustained some vertebral column inju-
ries (P,.02) (Figure).

There were 10 patients who died with spinal cord
injuries, 9 in the first 24 hours from associated intra-
abdominal, intrathoracic, or intracranial injuries, and a
10th patient who died on day 2 from an associated GSW
to the head in addition to a complete transection at T9
from his torso GSW. Three of the 10 patients had com-
plete transection of their spinal cords.

1000 Patients With Gunshot Wounds to Torso

Lengths of Stay:
0 days (n = 6)
1 day (n = 3)
2 days (n = 1)

2 Stabilization of Vertebral Fractures

6 Other Spinal Canal Operations
(Other Exploration and Decompression,
n = 2; Removal of Foreign Body, n = 4;

Rhizotomy, n = 1)

10 (7.1%) Died
With Some Spinal

Cord Injuries
(3 Complete, 7

Incomplete)

58 Survived With
Vertebral Column

Injury and/or
Incomplete

Neurologic Deficit

73 
Survived With

Complete 
Neurologic

Deficit

127 (14.8%)
Died With No

Vertebral Column
or Spinal Cord

Injuries

141 With Some Vertebral Column or Spinal Cord Injuries 859 With No
Vertebral Column

or Spinal Cord
Injuries

Distribution of patients.

List of ICD-9 Codes Used in This Study*

Description ICD-9 Codes

Open wounds to neck and trunk 874.x, 875.x, 876.x, 877.x, 879.x
Open vertebral column and

spinal cord injuries
806.1x, 806.3x, 806.5, 806.7x,

806.9, 852.x
Complete spinal cord lesions 806.11, 806.16, 806.31, 806.36,

806.71, 952.01, 952.06,
952.11, 952.16

Operations on spinal canal
structures

Procedure codes 0.30x

*ICD-9 indicates International Classification of Diseases, Ninth Revision.

PATIENTS AND METHODS

A retrospective analysis of prospectively gathered
multi-institutional data from the Maryland Institute
for Emergency Medical Service Systems State Trauma
Registry was performed. The registry is managed by
the Collector software from Tri-Analytics (Bel Air,
Md), and it includes all levels I, II, and III trauma cen-
ters (total of 9) in the state of Maryland. The analy-
sis covered a 3-year period from July 1, 1995, through
June 30, 1998.

The registry was queried by International Clas-
sification of Diseases, Ninth Revision (ICD-9) codes
for patients with GSW to the torso and with verte-
bral column and/or spinal cord injuries (Table).
The accuracy of the ICD-9 code assignment for the
vertebral column and spinal cord injuries was con-
firmed by a review of the exact injury texts.
Among patients who survived with incomplete spi-
nal cord lesions, the registry was queried further
for all procedures performed during the hospital
stay.

In Maryland, the written protocol for patients
with severe trauma calls for spinal stabilization as the
first maneuver to be performed.4 We defined pa-
tients who could have theoretically benefited from
spinal immobilization as those who did not have com-
plete neurologic deficits and who required a verte-
bral column stabilization procedure while in the hos-
pital (either halo traction or operative intervention).
Patients (1) with no vertebral column injury, (2) with
less than complete neurologic deficits but with stable
vertebral columns and who did not require verte-
bral column stabilization while in the hospital, or (3)
with complete neurologic deficits, were considered
to not have benefited from thoracolumbar immobi-
lization.

Statistical significance values were calculated us-
ing the Fisher exact test using Stata software, ver-
sion 5 or 6 (Stata Corp, College Station, Tex).
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COMMENT

Although spinal immobilization has never been shown
to alter outcome, the practice is commonly employed in
patients who have been shot in the head, neck, torso, and
upper thighs.5 In Maryland, the written protocol for se-
verely injured trauma patients calls for spinal stabiliza-
tion as the first maneuver to be provided by respon-
dents.4 However, with longer prehospital times possibly
associated with negative outcome, it is important to de-
termine the true extent of the benefits of immobilization
for patients with torso GSW.

Though the exact time required for thoracolum-
bar immobilization is unknown, it has been estimated
that cervical immobilization requires approximately
5.5 minutes and a minimum of 2 trained personnel
even in a practice environment.6 Immobilization is of
no benefit to patients with stable vertebral columns, nor
to those who have complete transection of their spinal
cords. Therefore, the time spent in pursuing thoraco-
lumbar immobilization may only be justified if there is
reasonable clinical suspicion for an unstable vertebral
column in the presence of a less-than-complete neuro-
logic deficit.

A larger, prospective, registry-based study will be
necessary to more precisely address the issue of time.
The time required for formal thoracolumbar immobiliza-
tion could be assessed, and comparative analyses from
jurisdictions with differing philosophies could address
whether the potential for saving minutes at the scene is
beneficial to patients without unstable injuries. In the
meantime, evidence of the rarity of benefit of immobili-
zation with torso GSW (however long it may take) is
mounting.

The typical pattern of injury to the bony and neu-
rologic components of the spine in GSW patients has been
well described. The stability of the vertebral column is
supported by a 3-column architecture, and injury to 2
of the 3 columns is necessary to render the vertebral col-
umn unstable.7 Several studies from both the civilian7-9

and the military6,10 arenas have found that the number
of patients with unstable vertebral columns following
GSW is extremely small. Simpson et al8 had found only
3 of 142 nonsurgically managed GSW patients with spi-
nal instability. Yoshida et al9 reported that in a series of
1300 cases of civilian GSW to the spine, none had dem-
onstrated instability. In the military literature, Aarabi et
al10 concluded that in the Iran-Iraq conflict, “spinal in-
stability does not seem to be a major problem in pa-
tients with vertebral column gunshot wounds, whether
treated surgically or not.” Similarly, in a retrospective re-
view of casualties from the Vietnam conflict, Arishita et
al6 found no confirmed cases where cervical immobili-
zation had provided a documented benefit, and found only
1.4% who might have “possibly” benefited from the care.
They further suggested that since about 10% of their ca-
sualties were incurred while helping other casualties, man-
datory immobilization of all patients with penetrating neck
wounds sustained in a hazardous environment has an un-
favorable risk-benefit ratio. Given the social conditions
often associated with civilian GSW injuries today, it is

worthwhile to consider the experience and risk-benefit
assessment as documented in the military literature.

In this study, we have identified only 2 patients
(0.2%) of a total of 1000 patients with torso GSW dur-
ing a 3-year period who required vertebral column sta-
bilization in the hospital following their injuries (Table
2). These 2 patients are the only individuals who would
have benefited from thoracolumbar immobilization in the
field. Placement on a long board without formal 4-point
fixation for injured patients in this category would fa-
cilitate a shorter injury-to-treatment interval, while pre-
serving the benefit to these 2 patients. Formal immobi-
lization would not have benefited the 73 survivors who
had complete lesions of their spinal cords, nor the 859
patients who had no vertebral column injury. One could
perhaps argue that those 10 patients who died with
some injuries to their vertebral columns may have also
benefited from the immobilization. However, all of the
10 patients died in the early postinjury period from as-
sociated intrathoracic, intra-abdominal, or intracranial
injuries.

The assumption has been made here that paraple-
gia occurred secondary to bullet injuries rather than from
inadequate immobilization. Though our methods can-
not confirm this with certainty, it should be pointed out
that none of the 73 patients with complete neurologic
deficit had an unstable vertebral column.

Interestingly, the presence of a vertebral column
injury in this dataset was associated with a lower mor-
tality rate (7.1% for those with vertebral column injury,
vs 14.8% for those without such injuries; P,.02). One
might speculate that this mortality rate difference may
be because the vertebral column is serving as a protec-
tive factor in GSW patients, absorbing some of the ki-
netic energy of the projectile and thus protecting vital
internal organs from damage. Close analysis of the mor-
tality rates observed among the 8045 patients with
GSW (to all body regions) in the Major Trauma Out-
come Study revealed a death rate of 19.2% among pa-
tients with GSW with spinal cord injury, vs 21.0%
among GSW patients without spinal cord injury, al-
though the difference was not statistically significant
(P=.44).11,12

Our data, when combined with previous work
regarding EMS transport,2,3 may have potential policy
implication in the prehospital arena. The case has
been made in the urban trauma setting that prolonged
prehospital time may be associated with increased mor-
tality. Given the extremely low incidence of vertebral
column instability among torso GSW patients (note
that the observed value in our study is not statistically
significantly different from zero), the time demand of
thoracolumbar immobilization procedure may not be
justifiable.

In summary, given the rarity of unstable vertebral
column injuries following torso GSW, the role of formal
thoracolumbar immobilization should be reexamined.

Corresponding author and reprints: Edward E. Cornwell III,
MD, The Johns Hopkins Medical Institutions, 600 N Wolfe
St, Osler 625, Baltimore, MD 21287-5675 (e-mail:
ecornwel@jhmi.edu).
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Invited Critique

I n this retrospective analysis of data from the Maryland Institute of Emergency Medical System State Trauma Registry
1995 to 1998, Cornwall and colleagues found that of 1000 patients with gunshot wounds to the torso, 141 sustained
injury to the vertebral column and/or spinal cord. The authors conclude that just 2 patients (0.2%) benefited from

spinal immobilization applied in the field. Interestingly, the frequency of torso gunshot wounds decreased during this pe-
riod by nearly 20%.

This report is strengthened by the data, which give a fair assessment of the incidence and potential for the use of spinal
immobilization for torso gunshot wounds, and by the supposition that the time involved in spinal immobilization and in-
tervention prior to hospital transport could result in overall adverse patient outcomes. However, this report does not defini-
tively conclude that spinal immobilization is unnecessary, owing to the very low number of patients who had spinal insta-
bility.

To determine the role of spinal immobilization, it would be necessary to determine the relative benefit and cost of either
course of action. The cost of providing immobilization includes the potential threat to life that could result from delayed
treatment. What is the frequency of such delays? What are the potential mortality and morbidity rates if treatment is delayed
because of the time involved in immobilization? What are the additional costs associated with these delays? If patients with
vertebral injuries are not formally stabilized, is there a risk that their condition will worsen?

Patients without vertebral column injuries had a 2-fold increase in mortality when compared with those with vertebral
column injuries. The authors speculate that this difference is related to the protective effect provided by the energy absorbed
by the vertebral column. They give an alternative hypothesis that the delay required to carry out full immobilization and
stabilization of patients with significant visceral injuries adversely affected patient outcome. A retrospective analysis of delay
lengths with and without formal spine stabilization could lend further credence to this consideration.

Cornwall and colleagues conclude that the incidence of vertebral column injuries following torso gunshot wounds and
the need for formal thoracolumbar immobilization should be reexamined. I agree. However, their conclusion does not ul-
timately answer the question “Is it necessary?”

Richard L. Gamelli, MD
Maywood, Ill
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