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Introduction

Combat casualty care (CCC) providers play a vital role in the diagnosis and initial management of acute
spinal injury patients. Combat casualty care frequently presents patient care challenges that are beyond
the scope of Advanced Trauma Life Support (ATLS) training.' Failure to recognize and appropriately
manage unstable spinal injuries may result in the development or the progression of neurologic injury.” The
optimal management of spinal injuries is dictated by a CCC provider’s skill set, support staff, and access to
equipment necessary to achieve desired outcomes.

Two broad categories of spinal trauma on the battlefield are penetrating and blunt injuries. Penetrating
spinal injuries in combat are most often the result of gunshot wounds or fragmentation injuries from blast
mechanisms.>** Blunt trauma can result from falls, tertiary injury from blasts, combat vehicle collisions, and
numerous other mechanisms. The early identification and management of open spinal injuries are critical.
A direct path from the skin through the dura defines an open spinal injury. All spinal injuries associated with
penetrating trauma should be deemed open spinal injuries, until proven otherwise (Fig. 1). Conversely, blunt

Figure 1. Pediatric host nation patient with penetrating trauma to hus back. Here, exposed spinal cord with cerebrospinal fluid leak is noted at
the lumbar (L3) level. The spine was stable with only posterior spinal column involvement. Image courtesy of the Borden Institute, Office of The
Surgeon General, Washington, DC.
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trauma leading to spinal injury, needs to be classified on a case-by-case basis based on physical findings (e.g.,
open wound in proximity to spinal injury). Regardless of the etiology, spinal trauma represents a critical
wounding pattern that increases the morbidity and mortality of soldiers injured on the battlefield.®

All soldiers injured on the battlefield, including soldiers with spinal cord injuries, are treated within the
Health Service Support (HSS) system. This system comprises established levels of CCC. Each level of care,
starting at the point of injury to medical centers within the continental United States (CONUS), varies
in respective capacity to manage spinal trauma. Each level of care (Level I thru Level V) is designed to
deliver a progressively greater degree of care and resources. Careproviders working in Level I thru Level III
facilities will face the challenge of providing initial care for a significant number of penetrating spinal trauma
casualties. This will be a markedly different experience for CCC providers trained in civilian centers, where
blunt trauma mechanisms of spinal injury predominate.”** This chapter will discuss the varying levels of
CCC, relevant anatomical considerations and spinal cord injury patterns, and the optimal management of
the spinal injury patient within a CCC environment.

Epidemiology

As of June 2010, 37,669 combatants were listed as wounded in action from Operation Enduring Freedom
(OEF) and Operation Iraqi Freedom (OIF). Total soldier deaths from these two conflicts over the same time
period was 5,425. In an attempt to report and study the injuries from this conflict, Holcomb et al. have
created the Joint Theater Trauma Registry (JTTR) database. From this database, the rate of spine injury
from OEF and OIF is 1.4 percent.'” Therefore, CCC providers will need to be proficient in the management
of combatants with spine injuries.

Levels of Combat Casualty Care

Civilian medical care for spinal injuries relies on the ability of emergency medical services (EMS) personnel
to stabilize spinal injuries and directly transport the patient, using spinal immobilization, to a trauma
center for definitive care. Typically, the civilian transport process takes less than an hour. In extenuating
circumstances, if the patient is located in a remote location at the time of injury, transport time may be
extended to several hours. In contrast, CCC provided from the point of injury to CONUS medical centers
proceeds through varying stages of care. Typically, it takes 72 to 96 hours for a combat casualty to reach a
Level V facility (Fig. 2).!"'*!® Combat casualty care is not only complicated by long distance air evacuation
(AIREVAC) through multiple facilities and careproviders, but also by unpredictable weather conditions and
the inherent hostility of the battlefield.

ECHELON I ECHELON 11 ECHELON II1 ECHELON IV ECHELON V
Self-aid,
buddy-aid,

Forward Combat Landstuhl, CONUS
Surgical Team Support Germany Facility
Hospital

medic,
Battalion Aid
Station

Figure 2. Evacuation chain for combat casualties.
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Level 1

Level I CCC refers to the initial care an injured soldier receives in the battlefield. This level of care is often
provided by a combat medic trained at an emergency medical technician—basic (EMT-B) level. There are
times when a careprovider with a higher level of training (e.g., special forces medic, physician assistant, or
physician) is present at the point of injury. However, CCC providers at this level are limited by available
resources and their environment. Level I care is often provided while the initial conflict or battle is in
progress (Fig. 3). Casualty evacuation (CASEVAC) times may be delayed because of the ensuing battle or
the hostility of the terrain.

Because of the possibility of exposing themselves to hostile fire, CCC providers may not be able to safely
provide proper spinal immobilization for those injured on the battlefield (e.g., care-under-fire scenario). It
1s recommended that spinal immobilization be performed once the injured soldier has been moved to a
safer location, such as a casualty collection point.

Although  battlefield heroics often prevail,
careproviders risk injury or death by exposing

themselves to direct fire from the enemy in order
to provide CCC. Current ATLS guidelines
recommend all patients with an injury above
the clavicle or a head injury resulting in a loss
of consciousness be immobilized in a semi-rigid
cervical collar and a backboard.! This is not
always appropriate on the battlefield because
proper placement of a cervical collar and spinal
immobilization could involve multiple personnel
exposing themselves to hostile fire, thereby

increasing the likelihood of more injured soldiers.
In a retrospective study of penetrating trauma to the

Figure 3. On the battlefield (e.g, care-under-fire scenario), preservation ) ) o )
of the lives of the casualty and medic s of paramount importance. Spinal neck in the Vietnam War, Arishita et al. discovered

immobilization of the injured soldier 1s performed once they have been  hat roughly 1.4 percent of the casualties treated
moved to a safer location. Image courtesy of the Borden Institute, Office of “h - cal $bi . Ivh al
The Surgeon General, Washington, DC. with cervical spine precautions actually had a spina

injury that would have benefited from cervical spine
immobilization.'"* The authors concluded that mandatory cervical spine immobilization of all penetrating
neck trauma sustained in an environment hostile to careproviders had an unfavorable risk-to-benefit ratio.
For this reason, it is recommended that spinal immobilization be performed once the injured soldier has
been moved to a safer location, such as a casualty collection point.

Studies performed in civilian and combat settings suggest that most patients with normal neurological exams
15,16

following penetrating trauma to the neck will not have a mechanically destabilized spinal column.

Level 11

Level II care expands upon Level I care by providing a designated CCC facility that is more removed
from direct conflict. This facility 1s staffed with greater numbers of careproviders with access to laboratory
and medical imaging technology. Radiographic studies are usually limited to plain radiography and hand-
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carried ultrasonography. Computed tomography (C'T) and magnetic resonance imaging (MRI) are typically
not available at these facilities. The main mission of Level II facilities is to recognize and treat injuries that
compromise a casualty’s airway, breathing, and the circulatory system. Treatment initiated at this level
typically follows the established protocols found in ATLS.! Combat casualties with suspected unstable spinal
injuries undergo spinal immobilization at Level II facilities. Spinal injury patients who are experiencing
neurogenic shock are treated with supportive care. Operative interventions aimed at stabilizing spinal
injuries are not typically performed at these facilities.

Level 111

Level III care facilities are represented by a field hospital environment such as a Combat Support Hospital
(GSH), described as a Mobile Army Surgical Hospital (MASH) in previous conflicts. Level III facilities
provide highly trained and specialized careproviders, extensive medical imaging capacity (e.g., C'T scans),
laboratory support, and blood bank services. In addition, they provide dedicated operating rooms with
specialized surgical capabilities, and it is not uncommon to have vascular surgeons, neurosurgeons,
orthopaedic surgeons, and trauma surgeons available.

This 1s the first CCC environment where more definitive stabilization of life-threatening injuries can be
achieved. With regard to spinal injury, this level of care allows for better delineation of spinal column injury
via CT imaging. Computed tomography has the ability to detect even the most subtle bone pathology.
In addition, as the patient is further evaluated, tertiary examination of the casualty often confirms or
refutes the presence of spinal injury. Once a spine injury is recognized, a Level III CSH provides the
human and logistical resources needed to maintain strict spinal immobilization and ensure optimal patient
transportation. If the patient cannot be treated definitively at this level with subsequent return-to-duty, the
primary mission of the CGSH is to stabilize all injuries such that the casualty can tolerate intertheater air
evacuation to a higher level of care.

Level IV

Level IV facilities (e.g., Landstuhl Medical Center in Germany) are major medical centers that have
the capacity to diagnose and treat complex injuries. They are often located out-of-theater and provide
maintenance of stabilization and ongoing resuscitation. These treatment facilities provide a broad spectrum
of specialty and subspecialty medical care, advanced diagnostic capability (e.g., MRI, angiography suites,
nuclear medicine), surgical interventions, and stabilization prior to the patient reaching Level V care.

Level V

Level V facilities (e.g., Brooke Army Medical Center-BAMC) provide stabilization, definitive care, and
reconstructive surgical capabilities. Level V is the highest level of medical treatment available to combat
casualties. Definitive surgical repair and reconstruction of all injuries is provided at this level of care. With
regard to spine injuries, definitive stabilization optimally occurs at Level V, unless it is medically necessary
to perform at preceding levels of care (e.g., a case of progressive neurologic deterioration with documented
cord compression).
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Unless it 1s medically necessary to perform an operation at preceding levels of care (e.g., progressive
neurologic deterioration with documented cord compression), a definitive stabilization procedure

optimally occurs at Level V facilities.

Battlefield spinal injuries will challenge CCC providers. Given the limited capabilities to recognize and
definitively treat spinal trauma in Level I and II settings, the main goal of management is to maintain spinal
immobilization and initiate spinal cord resuscitation pending better delineation of spinal injury. Level 111
facilities will enable optimal radiographic imaging of spinal injuries, while definitive surgical stabilization
typically occurs at Level IV and V facilities.

Emergency Management

Forty-seven percent of patients with spinal trauma
and 64 percent of patients with spinal cord injuries
have concomitant injuries in civilian studies.'”"
Head, chest, and long-bone injuries are the most
frequently associated injuries. Similarly, a majority
of spinal injuries sustained in combat environments
will be associated with concurrent injuries.**>°

In the setting of multiple trauma, in which most
spinal injuries occur, assessment and management
of airway, breathing, and circulatory system
compromise take priority. The assessment and

management of airway, breathing, and circulation

issues and the simultaneous identification of  Figure 4. Open spinal injury. Image courtesy of Joint Combat Trauma
neurologic disability with exposure of the casualty — Management Course, 2007.

constitute the primary survey. Immediately

following initial stabilization, a careful neurologic examination is warranted. Spinal cord injuries have
important physiologic consequences. A cervical or high thoracic spinal cord injury often results in a loss
of phrenic and/or intercostal nerve function with resultant compromise of diaphragmatic and chest
wall excursion. This is of special concern in patients with concurrent head, chest wall, or lung injury.
All patients with high-level spinal cord injuries require close observation to ensure that ventilation and
oxygenation remain adequate.

All patients with high-level spinal cord injuries require close observation to ensure that ventilation and

oxygenation remain adequate.

Once primary survey issues are addressed, a secondary survey is performed. The secondary survey consists
of performing a focused physical examination. Palpation of the entire spinal column and a more detailed
neurological exam are performed during the secondary survey. Spinal injuries are typically documented
during this phase of casualty management. Special attention must be paid to identifying physical findings
suggestive of open spinal injuries (e.g., open wound in proximity to spinal injury) and detecting neurologic
deficits suggestive of spinal injury (Fig. 4). The neurologic exam does not have to be extensive but should
document the basic sensory and motor function of the combat casualty.
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A direct path from the skin through the dura defines an open spinal injury. All spinal injuries associated
with penetrating trauma should be deemed open injuries, until proven otherwise.

Total paralysis

Palpable or visible contraction

Active movement, full range of motion, gravity eliminated

Active movement, full range of motion, against gravity

Active movement, full range of motion, against gravity and provides some resistance

Q| | |N|— O

Active movement, full range of motion, against gravity and provides normal resistance

if 1dentifiable factors were not present

5* | Muscle able to exert, in examiner’s judgment, sufficient resistance to be considered normal

NT

Not testable. Patient unable to reliably exert effort or muscle unavailable for testing due to
factors such as immobilization, pain on effort, or contracture

Table 1. American Spinal Injury Association Muscle Grading Score.

In a responsive patient, light touch examination attempts to localize the lowest dermatome with normal
sensation equilaterally. The sensation of pain may be of limited utility, as most casualties will have been
made more comfortable with the use of narcotics or may have altered mental status due to concurrent

injuries. However, motor function can be readily assessed in a cooperative patient. An intact motor level is
recorded as that level that maintained enough muscular function to resist gravity (3 out of 5 motor strength)
(Table 1)." Special attention must be paid to documenting rectal tone, sacral sensation, and bowel and
bladder function to avoid missing injuries to the terminal spinal cord (conus medullaris) and cauda equina.

Neurologic assessment in unresponsive patients 1s
much more limited. The exam consists of observing
the patient’s
responses to painful stimuli, the presence or absence

spontaneous movements, motor

of deep tendon reflexes, and rectal sphincter tone.

A complete secondary survey includes careful
examination of the entire length of the patient’s
spine. This is performed by gently logrolling the
patient to his or her side while supporting the
patient’s spine with a cervical collar and in-line
immobilization (Fig. 5). The patient’s back should
be inspected for open wounds, deformity, and
ecchymosis. The spine should be palpated for a
step-off or interspinous widening. The locations
of lacerations and abrasions on the skull may help
determine the mechanism of cervical injuries.
Occipital lacerations flexion

suggest injuries,
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wounds, deformaities, or ecchymoses. Image courtesy of Defense Imagery
Management Operations Center (DIMOC).



whereas frontal or superior injuries suggest extension or axial compression, respectively. The presence of

a single spinal injury does not preclude careful evaluation of the rest of the spine. Eight to 28 percent of

patients with a spinal column injury have additional noncontiguous spinal injuries, and it has been noted

that up to 30 percent of these injuries are not initially recognized.?*"*%*#* The upper and lower extremities

are examined for motor function by nerve root level. Tables 2 and 3 outline how upper and lower extremity

spinal nerve roots relate to muscle function, sensation, and reflex activity. The motor examination also

includes a digital rectal examination for voluntary or reflex bulbocavernosus anal sphincter contraction.

and up to 30 percent of these injuries are not initially recognized.

Eight to 28 percent of patients with a spinal column injury have additional noncontiguous spinal injuries,

ROOT REFLEX MUSCLES SENSATION

G5 Biceps Deltoid, biceps Lateral arm

Co6 Brachioradialis Wrist extension, Lateral forearm,
biceps thumb, index finger

C7 Triceps Wrist flexion, finger | Middle finger
extension, triceps

C8 Finger flexion Medial forearm

T1 Finger abduction Medial arm

Table 2. Upper extremity spinal nerve roots with respective muscle function, sensation, and reflex activity.

ROOT REFLEX MUSCLES SENSATION
L1, L2 Hip flexion Inguinal crease (L1),
anterior thigh (L2)
L2,L3 Knee extension Anterior thigh (L2),
anterior thigh just
above knee (L3)
L4 Patellar tendon Ankle dorsiflexion Medial leg, medial
foot
L5 None Extensor hallucis Lateral leg, foot
longus extension dorsum
S1 Achilles tendon Ankle flexion Lateral foot, sole

Table 3. Lower extremity spinal nerve roots with respective muscle_function, sensation, and reflex activity.

Areas of sensory deficit should be accurately recorded, dated, and timed on the medical record progress
note or spinal injury flow sheet and demarcated with ink at the affected level on the patient’s skin.

The sensory examination includes testing of dermatomal pattern skin sensation. The light touch sensation
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of a cotton-tipped applicator (Q-tip®) rubbed lightly over the skin is a quick and reliable examination
maneuver. Sensation should also be tested in the perianal region. The areas of sensory deficit should be
accurately recorded, dated, and timed on the medical record progress note or a spinal injury flow sheet. It
is also recommended that the sensory level be marked, dated, and timed in ink on the patient’s skin at the
affected level. The practice of marking the sensory level on the skin can avoid much uncertainty when a
number of examiners are involved. A known challenge of CCC is adequate hand-off or transfer of notes
between the levels of care. When available, permanent markers can be used on the injured soldier’s skin to
aid the documentation process.

Spinal Shock

Spinal shock 1s defined as the loss of spinal reflexes after injury to the spinal cord, which affects the muscles
innervated by the cord segments situated below the site of the lesion.” The loss of reflex function is most
severe closest to the site of spinal cord injury. Patients with high-level cervical cord injuries may retain some
distal sacral reflex function (bulbocavernosus reflex and anal wink) despite loss of more proximal reflex
function.”>* The documentation of the bulbocavernosus reflex is a key early determinant of whether spinal
shock has resolved in patients that had initially lost distal sacral reflex function. Return of spinal reflex function
occurs in a caudal to rostral direction. The return of the bulbocavernosus reflex marking the end of spinal

26,27,28,29.30 The bulbocavernosus reflex is

shock 1s variable but often occurs within 24 hours of cord injury.
elicited by simultaneous digital rectal exam and lightly squeezing the glans penis (males) or by gently tugging
on a placed Foley catheter in female or male patients. An involuntary increase in tone around the examiner’s
digit with these maneuvers indicates the presence of an intact bulbocavernosus reflex (normal). The absence
of a bulbocavernosus reflex implies the patient 1s still in spinal shock. When the bulbocavernosus reflex is
absent, the prognostic value of the motor exam following a spinal injury is inconclusive. The prognosis of
a spinal injury patient with a complete cord syndrome, following the return of the bulbocavernosus reflex,
1s poor. Complete cord syndrome patients have a less than 5 percent chance of functional recovery if no
motor function improvement is documented at 24 hours following return of the bulbocavernosus reflex.**!
Spinal shock following spine trauma should be differentiated from neurogenic shock, an injury syndrome

characterized by flaccid paralysis, moderate hypotension, and varying degrees of bradycardia.*

The absence of a bulbocavernosus reflex implies the patient is still in spinal shock, and the prognostic
value of the motor exam following a spinal injury is inconclusive. The return of the bulbocavernosus
reflex marking the end of spinal shock is variable but often occurs within 24 hours of cord injury.

Spinal Immobilization

If following the initial patient evaluation suspicion exists for a spinal cord injury, strict spinal cord injury
precautions must be observed until spinal injury has been ruled out (provided battlefield conditions
allow). Civilian studies have suggested that neurologic deficits progress as a result of inadequate spinal
immobilization in up to 5 percent of hospitalized patients during their initial stay.*** Keeping the combat
casualty immobilized on a full-length backboard during the initial resuscitation often facilitates patient care.
This method of stabilization facilitates patient transportation and allows for rapid logrolling of the patient
to prevent aspiration in case of vomiting.

Upon identifying a potentially unstable spinal injury on standard radiography, C'T imaging is often the next
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step in defining the injury. The most conservative management style is to maintain spinal immobilization
until a CT scan is performed to better delineate the mechanical stability of the injured spine. Aggressive
pain management will often be necessary to alleviate the discomfort resulting from immobilization on a
hard backboard. Special care (e.g., padding hard surfaces) will need to be taken to avoid pressure necrosis

of the skin and underlying tissue that can develop within hours of immobilization on a hard surface.***

Pressure necrosis of the skin and underlying tissue can develop within hours of immobilization on a hard

surface.

The most effective method of initial cervical immobilization is the use of bilateral neck supports (e.g.,
sandbags or rolled towels) and taping of the patient across the forehead to a spine board, along with the
use of a rigid cervical collar (which serves to limit extension) (Fig. 6).°**7 In unstable cervical spine injuries,
a soft collar, extrication collar, hard collar, or Philadelphia collar alone is not sufficient for immobilization.*®
A poster brace (e.g., four-poster brace) or sternal occipital mandibular immobilizer (SOMI brace) is not
utilized on the battlefield. Securing a patient
to a standard long spine board is also standard
practice for immobilization of the thoracolumbar
spine. This enables rotating of the patient (e.g., if
they need to clear their airway and vomit) while
providing maximal support to the thoracolumbar
spine.™ Cadaveric studies of recreated unstable
spinal injuries suggest that significant translational
and rotational spinal movement still occurs, despite
in-line traction and backboard immobilization
during logrolling maneuvers.”** Hence, rotational
movement of suspected spinal injury patients should
be minimized. Spinal immobilization is discontinued

only after radiographic and clinical evaluation have
excluded unstable spinal injury. This usually occurs

Figure 6. Image demonstrating appropriate initial cervical immobilization
] . ) o ) with the use of bilateral neck supports, laping of the patient’s forehead to
are available to interpret radiographic imaging and 4 spine board, and use of a rigid cervical collar

at the CSH where trauma surgeons and radiologists

further assess patients.

The most effective method of initial cervical immobilization is the use of bilateral neck supports (e.g,
sandbags) and taping of the patient across the forehead to a spine board (stretcher or litter), along with
the use of a rigid cervical collar.

Tactical Combat Casualty Care

Care-under-fire or at the point of injury is dictated by the tactical situation. The combat casualty may
have to be moved to a safer location before an assessment can be accomplished. In battlefield conditions,
rapid casualty evacuation is often a life-threatening process. When only one person is available to assist the
combat casualty, the casualty is carried or often dragged to a safer location. Patients with suspected spine
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mjuries should undergo spinal immobilization as soon as it 1s feasible. Strict spinal cord injury precautions
are 1deally observed until spinal injury has been ruled out.

In care-under-fire tactical situations without
direct confirmation of spinal injury, the presence
or absence of associated risk factors should be
identified. Associated risk factors for spinal injuries
include bullet, fragmentation, and stab wounds, and
direct trauma to the face, neck, head, or back. One
may also include extreme twisting of the trunk and
major blows to the head or chest that may occur
from large blast injuries or body impact from landing
following the blast wave (tertiary blast injury). Along
with documented neurologic deficits, a Glasgow
Coma Scale (GCS) score of 8 or below is associated
with a higher risk (odds ratio = 2.77) of cervical
spine injuries when associated with traumatic brain

Figure 7. Example of a rigid cervical collar applied to a combat casualty
with head trauma.

injuries.*!

The standard battlefield cervical collar is the Vertebrace® Extrication Collar (VEC) (Fig. 7). Many Level I
careproviders not only carry the VEC, but also have access to long spineboards that can be attached to the
military litter prior to transport. Medical and rescue personnel should make every attempt to control the
spine during initial extrication and evacuation until proper cervical and thoracolumbar spine precautions can
be provided. Documentation of known injuries and neurological deficits must occur during the stabilization
and resuscitative phases of treatment, often taking place prior to the injured combatant reaching a Level
III care facility.

Spinal Resuscitation

Once spinal injury is recognized, it is important to begin resuscitative efforts as soon as possible. The ATLS
guidelines have been designed to ensure full body resuscitation of the traumatized patient.' It is important
to note that the injured spinal cord itself needs to be carefully resuscitated. In general terms, resuscitation
of the spinal cord implies that perfusion with oxygenated blood to the injured area is restored to begin the

process of healing and prevent further injury.**

Resuscitation of the spinal cord involves minimizing secondary injury due to hypoxemia, hypoperfusion,
and mass effect.

Definitive evidence of discrete hemodynamic resuscitation parameters leading to improved clinical

outcomes following spinal injury does not exist. A series of animal and human studies do support the

44,45

concept of optimizing spinal cord perfusion following spinal cord injury.*** Suggested treatment options

include ensuring hemodynamic stability and maintaining mean arterial pressures greater than or equal to

30,42,43,46,47,48,49,

80 mm Hg to optimize spinal cord perfusion. %051 Similarly, ensuring adequate oxygen delivery
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to the spinal cord is important. This often requires supplemental oxygenation via breathing apparatus and
the application of pulse oximetry. Likewise, airway, breathing, and circulatory compromises need to be
corrected to ensure optimal resuscitation of the injured spine. Maintaining a minimum hemoglobin value
of 7 grams per deciliter in trauma patients is recommended, and the timing of blood transfusion (triggers)
should be based on bedside clinical findings rather than absolute hemoglobin values.*?

Neurogenic Shock

Spine trauma may result in neurogenic shock, a syndrome characterized by flaccid paralysis, moderate
hypotension, and varying degrees of bradycardia.”*™® The typical neurogenic shock patient will have
suffered a traumatic spinal cord injury, resulting in disruption of T'1 to L2 sympathetic outflow.”* Vagal tone
is unopposed, and moderate hypotension and bradycardia ensue. Bradycardia is a distinguishing sign in
neurogenic shock as opposed to other shock states where tachycardia is often observed.

Neurogenic shock is a diagnosis of exclusion and should be made only after life-threatening hemorrhage
has been excluded, as hypovolemic shock is the most common shock state observed after battlefield trauma.
Recognition of neurogenic shock will minimize excessive use of crystalloid fluids and resultant dilutional
coagulopathy and pulmonary edema. Vasopressors may be used following the restoration of intravascular
volume to maintain normal blood pressures and minimize excessive fluid administration.”

Neurogenic shock, a syndrome characterized by flaccid paralysis, moderate hypotension, and varying
degrees of bradycardia, is a diagnosis of exclusion and should be made only after life-threatening

hemorrhage has been excluded.

Restoring Spinal Alignment

An immediate initial treatment priority is to realign the spine. Subluxed or dislocated spinal segments often
result in additional mechanical stress and ischemic injury to the spinal cord. Alignment of the spine is
accomplished through a variety of interventions ranging from traction devices to operative interventions.
Spinal realignment requires specialized equipment, spine surgeons, and support staff. Hence, attempts at
spinal realignment must typically await transfer of the spinal injury patient to Level III or higher facilities.

Role of Glucocorticosteroids

The use of steroids in the battlefield for treatment of spinal injury is not recommended.’®"** The role
of glucocorticosteroids in the treatment of the acute spinal cord injury has long been controversial. The
purported mechanisms through which steroids exert their effects following spinal cord injury are unclear.
There is no evidence to suggest administration of glucocorticosteroids results in neurologic improvement
following penetrating spinal trauma, and some studies suggest increased harm.’®%6%2 Inconsistency in
study methodology and reporting has largely discredited any pre-existing civilian data, such as the National
Acute Spinal Cord Injury Studies (NASCIS), suggesting benefit to the administration of glucocorticosteroids

following blunt spinal trauma,’0-7-78:62:63.64.65.66.67.68

The use of steroids following penetrating spinal injury is not recommended as there is no evidence to

suggest improved neurologic outcomes, and some studies suggest increased harm.
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Detailed Assessment of Spinal Injury

A complete and thorough understanding of spinal anatomy and spinal cord function is integral to the
appropriate recognition and subsequent management of spinal injuries. In-depth assessments of spinal
injuries are performed after patients are removed from immediate danger, immobilized, hemodynamically
stabilized, and transferred to appropriate levels of care. This level of assessment and evaluation is typically
performed in Level IIT and higher facilities. Computed tomography evaluation and serial neurological
evaluations constitute the critical elements that help careproviders further assess and subsequently manage
spinal injuries.

Spinal Anatomy

Due in large part to its flexibility and exposure, the cervical segment is the most commonly injured part of
the spinal cord.” In contrast, the thoracic spine (T'1 to T'10 vertebral bodies) is a rigid and fixed structure.
This results from ribs attaching to their respective transverse processes and forming articulations anteriorly
with the sternum. Cervical nerve roots exit the spinal canal above their respective vertebral bodies.
Thoracolumbar nerve roots exit the spinal canal below their respective vertebral bodies. The neural canal
is narrower in the thoracic spine than in the cervical or lumbar spine. These anatomic characteristics and
the fact that great force is required to damage the thoracic spine probably account for the high incidence of
significant neurologic injuries following fractures of the thoracic spine.**”" Because of its unique anatomy,
the thoracolumbar junction is the second most injured area of the spine.”*” Unlike the other ribs, the
11th and 12th ribs do not articulate with the sternum, nor do they attach to their respective transverse
processes.

Due in large part to its flexibility and exposure, the cervical segment is the most commonly injured part

of the spinal cord, while the thoracolumbar junction is the second most injured area.

The orientation of lumbar vertebral body articulating facets and thicker lumbar intervertebral discs allow
for more flexion, extension, and lateral bending of the lumbar spine. Thus, the rigidly fixed thoracic
spine abruptly transitions to a less rigidly supported lumbar spine. This abrupt transition likely explains
the susceptibility of the thoracolumbar junction (T'11 to L2 vertebral bodies) spinal segment to injury.”
The spinal canal is relatively wide at this region. Hence, thoracolumbar junction injuries often result in
incomplete cord lesions. The spinal cord’s terminal segment is called the conus medullaris. It terminates
at the first lumbar (L1 vertebral body) level in adults and at the L2 or L3 vertebral body level in pediatric
patients. Individual nerve roots extending distal to this segment constitute the cauda equina. The lower
lumbar and sacral segments are less prone to spinal cord injury, and the neurologic sequelae are usually less

severe.®7!

The blood supply to the spinal cord consists of the anterior and posterior spinal arteries and radicular arteries
(Fig. 8). The anterior spinal artery perfuses the anterior and central cord, and the posterior spinal artery
supplies the posterior one-third of the spinal cord. The anterior and posterior spinal arteries ascend from
the vertebral arteries and travel downward along the anterior and posterior aspects of the spinal cord. With
the exception of the cervical region, these small arteries inadequately maintain the viability of the spinal
cord. Radicular arteries serve to augment the blood supply to the spinal cord in areas where the anterior
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Posterior Spinal Artery

Radicular Trunk

Aortic Spinal Ramus

Anterior Spinal Artery

Figure 8.  Cross-section illustration of spinal cord anatomy demonstrating its vascular supply.

and posterior arteries alone are insufficient. The radicular arteries arise from the thoracoabdominal aorta,
among other sources. They form anastomotic tracts with the spinal arteries. The midthoracic region of
the spinal cord is described as a watershed area. This region has limited blood flow and is located between
the well-perfused superior and inferior segments of the spinal cord. One of the larger radicular arteries
1s the great radicular artery of Adamkiewicz. It enters the spinal canal between the T10 and L2 vertebral
bodies. Injury to this artery explains how neurologic deficits resulting from spinal cord ischemia may extend

cephalad from a more caudal vertebral body fracture or dislocation.*""

Radiographic Considerations

Plain radiography, CT imaging, and MRI are
used in the evaluation of spinal injuries. In civilian
studies, up to 5 percent of trauma patients who
are unable to give a reliable history or have a
painful distracting injury have a spinal injury.”*’*”
Conversely, the patient who has neither spinal pain
or midline tenderness on palpation nor neurologic
signs or symptoms and is awake, alert, and without
major distracting injuries does not require routine
spinal radiographs.”® While indications for plain
radiography of the thoracolumbar spine have not
been clearly defined, the application of criteria
developed for cervical spine radiography appears

reasonable.”’7®

A standard trauma spinal series should include a

cross-table lateral and an anterior-posterior (AP)
view radiograph. An open-mouth odontoid view

Figure 9. Axwal CT image demonstrating C3 vertebral body fracture.

1s needed for cervical spine evaluation. While the
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sensitivity and specificity of these views are controversial, a normal and technically optimal study is widely
considered adequate to exclude major fractures and dislocations. The primary exceptions include patients
with unexplained neurologic deficits or underlying musculoskeletal conditions (e.g., severe spondylosis).
Patients with unexplained neurologic deficits or a major fracture or dislocation identified on plain
radiographs should undergo CT scan to further define the extent of injury. Patients with inadequate plain

films or areas of suspicion on plain radiographs typically undergo CT scanning.”®”

Patients with inadequate plain films, unexplained neurologic deficits or a major fracture or dislocation
identified on plain radiographs should undergo CT imaging to further define the extent of injury.

Computed tomography imaging is more accurate than plain radiography in delineating the extent of
fractures and bone fragment displacement.”®# A C'T scan is also useful in identifying minor fractures,
many of which are missed on plain radiography. Standard axial C'T images are adequate to delineate
most injuries (Fig. 9). Chance fractures and odontoid fractures are exceptions.'®##28# Their detection
often requires sagittal reconstruction of C'T' or MRI images and concurrent plain radiographs (Fig. 10).2%8*
Computed tomography imaging fails to adequately visualize the spinal cord, hence it cannot give direct
evidence of spinal cord injury. The excellent bone visualization, wide accessibility, and speed of CT imaging

make it the primary supplementary method of imaging the spine.

Figure 10. Sagittal reconstruction of C'T images demonstrating a Chance  Figure 11. MRI, available at Level IV or V facilities, allows precise
Jracture. Adapted vmage courtesy of LearningRadiology.com. visualization of the spinal cord. MRI tmaging is more sensitwe than C'T
imaging for ligamentous and sofi-tissue injury.
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Magnetic resonance imaging plays a vital role in spinal cord injury evaluation (Fig. 11). More sensitive
than CT scan for ligamentous and soft-tissue injury, MRI also allows precise visualization of the spinal
cord.®® Logistical difficulties, including limited accessibility, limited ability to monitor the patient while in
the scanner, and prolonged imaging time, currently prevent routine use of MRI in the evaluation of acute
spinal injury patients. MRI is not available until Level IV or V care for combat casualties.

Determining Spinal Stability

Determining the stability of the spinal column is an important initial step in the evaluation of spinal injuries.
White and Panjabi provided a widely accepted definition of spinal stability.?”#® They defined spinal stability
as the ability of the spine, under physiologic loads, to limit patterns of displacement, to preclude damage
and irritation to the neural elements, and to prevent incapacitating deformity or pain due to structural
changes.

While White and Panjabi’s definition lends itself to the subjectivity of the examiner, the use of CT allows
for a much more objective approach to determining mechanical stability. The advent of CT led to an
evolution of theory regarding the determinants of spinal column stability. In 1983, Denis devised an
anatomic three-column theory of stability based on a retrospective review of 412 spinal injuries and their
CT features (Fig. 12).* Denis divided the spinal column into anterior, middle, and posterior columns. The
anterior column consists of the anterior longitudinal
ligament, anterior half of the vertebral body, and
the annulus fibrosus. The middle column consists of
the posterior half of the vertebral body, posterior
longitudinal ligament, and posterior part of the

annulus fibrosus. The posterior column consists :

of the neural arch, ligamentum flavum, facet joint
capsules, and the supraspinous and interspinous Posterior Middle Anterior
ligaments. Denis concluded that the integrity of the

middle column determines the stability of the spine.
u Y P Figure 12. Three-column Demnis classification of the spine. The posterior

Experience over subsequent years has generally  opmn consists of the posterior ligamentous complex. The middle column
supported this concept. Therefore, a definitive  includes the posterior longitudinal ligament, posterior annulus fibrosus, and
posterior wall of the vertebral body. The anterior column consists of the
. ] . . . anterior vertebral body, anterior annulus fibrosus, and anterior longitudinal
made at a facility where C'T' imaging is available,  jigament.

typically at a Level III CGSH.

assessment of the integrity of the middle column is

Spinal stability is defined as the ability of the spine, under physiologic loads, to limit patterns of
displacement, preclude damage and irritation to neural elements, and prevent incapacitating deformity

or pain due to structural changes.

Spinal Cord Injury Patterns

Complete Cord Syndrome
A complete spinal cord syndrome is characterized by flaccid paralysis and loss of sensation below the
level of spinal cord injury.”® Deep tendon reflexes and the bulbocavernosus reflex are absent in the acute
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phase. This reflex 1s useful in assessing the integrity of the lower sacral cord segments. The return of the
bulbocavernosus reflex marking the end of spinal shock is variable but often occurs within 24 hours of cord
injury.?>?%% The development of spasticity, clonus, hyperreflexia, and Babinski reflexes is more variable.
These findings develop days to months after injury. Functional motor recovery following a complete cord
syndrome injury is extremely poor. Complete injuries have a less than 5 percent chance of functional motor
recovery if no improvement occurs within 24 hours of injury, and virtually no chance of recovery after 48
hours.?*#" Therefore, intervening surgically on a complete injury typically is futile if the goal is neurologic
recovery. The restoration of mechanical stability following a complete cord syndrome injury can be delayed
until the combat casualty reaches Level IV and V facilities.

Restoration of mechanical stability following a complete cord syndrome injury can be delayed until
the combat casualty reaches Level IV or V facilities. With incomplete cord syndromes, a delay in
decompression and stabilization is tolerated until the evacuee arrives at Level IV or V facilities, unless the

combatant’s neurologic condition is deteriorating;

Incomplete Cord Syndromes
A spinal cord injury is termed incomplete if there is some sparing of motor or sensory function below
the level of injury. Incomplete spinal cord syndrome patients usually improve from their presenting

28,7891,92,93.9¢  The decision of where and

condition, with some patients regaining the ability to ambulate.
when to surgically intervene remains a challenge for battlefield surgeons. Unless the combatant’s neurologic
condition is deteriorating, a delay in decompression and stabilization is tolerated until the evacuee arrives
at Level IV and V facilities. In an unpublished analysis of combat-related spine injuries, zero of 52 patients
evacuated from OEF/OIF had deterioration in neurologic status (Bellabarba, personal communication,
2009). Therefore, it stands to reason that if a combat casualty has tolerated evacuation from the point of
injury to a Level III facility without neurologic deterioration, decompression with or without spinal fusion
can often be delayed until evacuation to Level IV and V centers. In the presence of neurologic deterioration,

the judgment of whether to proceed with surgery in-theater rests with the careprovider at that given level.

Anterior Cord Syndrome

The anterior cord syndrome is the result of an injury to the anterior two-thirds of the spinal cord (Fig. 13).
The syndrome typically results from anterior spinal cord compression by adjacent bone or disc fragments
following a hyperflexion injury.” Hyperextension is a less common mechanism of injury. Anterior cord
syndrome is characterized by immediate, complete paralysis with hypesthesia to the level of the lesion,
with preservation of light touch, motion, position, and part of vibration sense. This syndrome has a
better prognosis for recovery than a complete spinal cord syndrome.”>” In one of the earliest descriptions
of anterior cord syndrome, Schneider reported that five of 11 patients in his case series regained the
ability to ambulate.”” This potential for recovery underscores the importance of a careful neurologic
examination aimed at detecting any residual neurologic function in spinal cord injury patients.”

Central Cord Syndrome

The central cord syndrome commonly occurs in the cervical region and typically occurs in the setting of
preexisting degenerative spine disease. The spinal cord is thought to be compressed between the ligamentum
flavum posteriorly and osteophytes anteriorly during hyperextension. As a result, centrally located spinal
tract fibers are injured. Weakness is greater distally than proximally and worse in the upper extremities than
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Anterior Cord Syndrome

Figure 13. The anterior cord syndrome is typically the result of anterior spinal cord compression_following a hyperflexion inury. It is characterized by
immediate, complete paralysis with hypesthesia to the level of the lesion, with preservation of light touch, motion, position, and part of vibration sense.

Central Cord Syndrome

Figure 14. The central cord syndrome s typically seen following a hyperextension injury. Weakness is greater distally than proximally and worse in the
upper extremities than in the lower extremuties. Sensory loss is variable.

Brown Séquard-Syndrome

Figure 15. The Brown-Séquard syndrome is characterized by ipsilateral proprioceptive and motor loss and contralateral loss of pain and temperature
sensation.
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in the lower extremities. Sensory loss 1s variable. In severe cases, upper extremity paralysis, loss of sensation,

96

and urinary retention may occur.” The lower extremities are relatively spared. The recovery potential with

this syndrome is favorable.”’ Previous studies of central cord syndrome patients have revealed that more

than 50 percent become ambulatory and regain functional use of their hands (Fig. 14).9%97%

Brown-Séquard Syndrome

The Brown-Séquard syndrome is characterized by ipsilateral proprioceptive and motor loss and contralateral
loss of pain and temperature sensation (Fig. 15).” Anatomically, only one-half of the spinal cord is damaged.
This results in spinothalamic tract, corticospinal tract, and dorsal column injury. This syndrome, which was
previously thought to occur only in penetrating trauma, is increasingly described following blunt trauma.
The prognosis for recovery in this syndrome is good. Several case series have documented functional

recovery in up to 75 percent of patients with Brown-Séquard syndrome.”-9+%

Cauda Equina Syndrome
The cauda equina syndrome results from injury to the lumbosacral nerve roots within the neural canal. The
clinical manifestations vary and include sensorimotor deficits of the lower limbs and bowel and bladder
areflexia. The prognosis for recovery is similar to peripheral nerve injuries and is significantly better than
that for spinal cord injuries.

Spinal Nerve Root Syndromes

Nerve root syndromes deserve special mention because they often occur in the setting of spinal fractures
and facet dislocations. The spinal nerve root can be injured along with the spinal cord, or an isolated nerve
root injury can occur. Motor and sometimes sensory deficits will be found in the distribution of one or
several contiguous nerve roots. The prognosis for recovery from these lesions is good, provided adequate
reduction and anatomic restoration of the vertebral column occurs.'”!°!? Given that nerve root injuries
have a good prognosis for recovery, nerve root decompression may be delayed until patients reach Level IV
and V facilities, unless a progressive loss of neurologic function occurs.

Nerve root decompression may be delayed until patients reach Level IV or V facilities unless a progressive

loss of neurologic function occurs.

Spinal Cord Injury Without Radiographic Abnormality

Spinal cord injury without radiographic abnormality (SCIWORA) is a post-traumatic myelopathy with no
radiographic evidence of fracture or dislocation on plain radiography and C'T scan evaluation.-!0%10%10>
Although the syndrome was initially described in children, it can occur in the adult population as well.'”
Anatomic differences of the pediatric spine allow for significant intersegmental movement without
bony column disruption. The spinal cord does not share the same degree of elasticity, thus contusions,
transections, infarctions, and stretch injuries result. While the exact mechanism for SCIWORA 1in adults
1s varied, patients with underlying stenosis, either congenitally or degeneratively, are at considerably much

higher risk.'"
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Spinal Injury Management Considerations

Spinal Immobilization and Transport Considerations

Once an unstable spinal injury is identified at a Level I1I facility, full spinal immobilization pending definitive
stabilization 1s indicated. The medical evacuation network in the theater of operation has greatly reduced
the evacuation and transport time for injured combatants. If a prolonged delay in definitive care exists,
moving the patient to a bed using strict spinal cord injury precautions is often attempted. The risk of
worsening the patient’s neurologic status must be weighed against the risk of pressure necrosis of the skin
and degree of patient discomfort resulting from the backboard.***>!%” Level I care is often limited to hard
cervical collars, Kendrick Extrication Device (K.E.D.®) short boards, and long spineboards placed on a
military stretcher. Due to the space limitations inherent in casualty evacuation (ground ambulance and
helicopter), the equipment used on the battlefield for spine immobilization is limited.

When a prolonged delay in definitive care of unstable spinal injuries exists, the risk of worsening the
patient’s neurologic status during transfer to a bed must be weighed against the risk of pressure necrosis
of the skin, and degree of patient discomfort, resulting from full spinal immobilization on a backboard.

Patients at greatest risk for pressure sores are those who remain on the spine board for more than two hours
without being repositioned.”**> Careproviders must use their discretion. If enough manpower is not present
to move the patient safely, or there is any doubt about the patient’s ability to cooperate with spinal injury
precautions, the patient should be kept immobilized on the backboard. The patient should be moved as little
as possible as even minimal movement may worsen the neurologic deficit in an unstable spinal injury. If a
spine injury 1s excluded or deemed to be a stable injury, prompt removal of the patient from the backboard
to a more comfortable setting 1s indicated.

Timing of Surgical Interventions

The role and timing of operative intervention in patients with acute spinal cord injury are
controversial !9%109H0HLI2 The paycity of prospective randomized trials defining operative indications for
acute spinal injury results in a disparate approach to these injuries among spine specialists. Issues germane
to CCC providers may be addressed by using three clinical categories: (1) patients with complete spinal
cord syndromes; (2) patients with incomplete but progressive spinal cord syndromes; and (3) patients with
incomplete but nonprogressive spinal cord syndromes.

Emergency spine surgery for penetrating or closed injuries of the spinal cord is indicated only in the

presence of neurologic deterioration.

If a spinal cord neurologic injury can be determined to be a complete injury (i.e., the bulbocavernosus
reflex is intact and complete loss of sensorimotor function, including proprioception exists), spinal segment
realignment may proceed at a less urgent pace. There does not seem to be any evidence to indicate that
early surgical treatment can alter the prognosis of patients who present with complete cord syndromes.'"?
Although this subset of patients may need subsequent stabilization of the spine, they do not require
emergency surgery. An exception may be in the cervical spine, where urgent reduction may improve the

rate Of “root_sparingn reCOVCl”y. 114,115
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There 1s broad support for emergency surgery for patients with incomplete but progressive spinal cord
syndromes. This syndrome 1s rare, but may result from progressive spinal cord injury via fracture
displacement, bone fragment compression, expanding hematoma, spinal cord edema, or infarction.''
Animal studies have indicated that immediate decompression of neural elements is associated with reduction
of permanent neurologic sequelae.'"””'"® In combat environments, transport times and access to Level III,

IV, and V care must be weighed by CCC providers when considering the timing of surgical interventions.

While there does not seem to be any evidence to indicate that early surgical treatment can alter the
prognosis of patients who present with complete cord syndromes, there is broad support for emergency

surgery for patients with incomplete but progressive spinal cord syndromes.

Management of incomplete and nonprogressive spinal cord syndromes involves rapid spinal segment
reduction and stabilization to minimize neurologic injury. In the cervical spine, such management
frequently involves the application of skull traction devices at Level III or higher facilities. In the
thoracolumbar spine, traction is less successful, so if neutral supine body positioning does not restore
anatomic alignment, definitive correction of the malalignment will typically be performed at the time of
stabilization surgery (typically at Levels IV and V).

Spinal Reduction Interventions

Axial Traction

Prior to any attempt at reduction of a malaligned
cervical spine, the entity of atlanto-occipital
disassociation must be excluded (Fig. 16). When
severe hyperflexion or hyperextension combined
with distraction occurs in the upper cervical spine,
atlanto-occipital disassociation may occur. Atlanto-
occipital disassociation (dislocation) is characterized
by complete disruption of ligamentous attachments
between the occiput and the atlas.!'™'* Death
commonly occurs due to concurrent injury to the

brainstem, 121,122

Radiographically,  pathologic
separation between the base of the occiput and
the arch of atlas is noted.'” Cervical traction is
absolutely contraindicated with atlanto-occipital - X-Table
disassociation since further stretching of the i S
brainstem can occur. Atlanto-occipital disassociation
may initially be evaluated with lateral plain
radiographs, but it is most reliably detected with C'T

imaging,

An unstable or malaligned cervical spine requires

either more stable immobilization or axial traction

123,124,125

to achieve reduction. Two types of axial  Figure 16. Atlanto-occipital disassociation.
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traction devices are available: Gardner-Wells tongs and the halo ring apparatus (Tables 4 and 5).!%0:127:128

Gardner-Wells tongs are a simple, effective means of applying axial traction for reduction, but they do not
significantly limit voluntary rotation, flexion, or extension in an uncooperative patient (Figs. 17 and 18).
Gardner-Wells tongs can be applied with minimal skin preparation and without assistance. In contrast, the
halo ring allows axial traction for reduction and provides rather stable immobilization with the application
of a vest but its application requires an assistant, and it takes longer to apply than Gardner-Wells tongs.
Traction devices are typically utilized at the Level III CSH where appropriate radiographic support and a
more secure setting are found.

GARDNER-WELLS TONG APPLICATION

» After the patient 1s placed in a supine position, the provider identifies the external auditory meatus,
bilaterally

* A position on the skin is marked one centimeter (cm) superior and one cm anterior to the external
auditory meatus

» The skin is infiltrated with lidocaine with epinephrine to assist with pain control and bleeding from
the scalp

* The tongs are placed over the crown of the head with the pins positioned on the skin prepared area

* The pins are inserted into the skull by symmetrically tightening the knobs

*  Weights are then applied to the tongs such that the traction vector is directed superiorly

* Traction should be initiated at 10 pounds (lbs) and increased by five- to 10-lb increments (5 1b
weight added for each spinal level)

* Reduction should be performed in awake patients with administration of intravenous sedation and
analgesia, as necessary

*  Fluoroscopy or serial radiographs and serial neurologic examinations should be performed to detect
excessive distraction of spinal segments

* In patients with neurologic symptoms or signs or one centimeter distraction of a disk space, closed
reduction should be stopped and further images taken

Table 4. Gardner-Wells Tong application.

HALO RING APPLICATION

* The correct ring size is selected according to head circumference

* The ring is placed around the head, at a level one centimeter above the eyebrows and is held
temporarily with plastic pod attachments

» After the patient’s eyelids are closed, the skin is prepared, and local anesthetic is infiltrated through
the ring holes

* Pins are then placed through the ring holes and are torqued down in an opposing fashion to 8 inch-
pounds in adults and 4 inch-pounds in pediatric patients 8 years or younger

» After 24 hours, these pins will require reevaluation of proper torque as they often loosen early on

Table 5. Halo Ring application.
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Figure 17. Gardner-Wells tongs are applied when cervical spine traction — Figure 18. Atlanto-occiptal disassociation must be ruled out prior to
is desired. Image courlesy of the Borden Institute, Office of The Surgeon — application of cervical traction with Gardner-Wells tongs. Image courlesy
General, Washington, DC. of Jonathan Martin, MDD, Connecticut Children’s Medical Center:

If traction is applied, radiographs must be obtained to ascertain that no undiagnosed ligamentous injury
has been exacerbated by the added weight.

A halo ring can be applied when definitive treatment is anticipated to be in a halo or in cases in which
distraction cannot be achieved with Gardner-Wells tongs. Placing a halo vest underneath the patient, prior
to or during transfer to the bed, can help attach the ring to the vest while the patient is in traction after
reduction. Open halo rings offer the advantage over previous whole rings in their ability to be placed
without putting the patient’s head on a head holder off the stretcher.

Penetrating Injury to the Spine

Management

Mechanical Stability

The majority of gunshot wounds to the spine in patients with normal neurological exams are mechanically
stable.'*!>! In assessing the stability of the cervical spine, it has been noted that 36 percent of the weight of
the head is carried by the anterior vertebral bodies and disks and 32 percent by each of the two posterolateral
columns, which are composed of facet joints and lateral masses.'* In the vast majority of cases, the projectile
does not destabilize the spine, and collars or any other type of bracing are not necessary. However, the
cervical collar does have the benefit of maintaining a neutral neck position that may be important in the
setting of head injuries.

The majority of gunshot wounds to the spine are mechanically stable in patients with normal neurological
exams. Unlike closed spinal cord injuries, it is rarely necessary to operate on gunshot wounds to the spine
for purposes of establishing mechanical spinal stability.

In the thoracic and lumbar spine, the three-column concept of Denis can be applied, but the careprovider
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Figure 19. The majority of gunshot wounds to the spine are mechanically stable in patients with normal neurologic exams: (Left) This patient sustained
a transthoracic gunshot wound. Right-sided hemothorax 1s noted and the missile is resting in the subcutaneous space of the posterior thorax.(Right)
Mechanical stability was determined when CT vmages demonstrated isolated injury to the posterior column.

should understand that the mechanism of destruction is considerably different from that in the closed
injuries for which this classification was designed.'”® When destruction is limited to one of the three
columns, then no particular immobilization is needed (Fig. 19). If two or three columns are compromised
by the gunshot wound, then use of spine precautions and immobilization are recommended until definitive
management occurs at Level IV and V facilities.

Unlike closed spinal cord injuries, it is rarely necessary to operate on gunshot wounds of the spine for
purposes of establishing stability. The length of immobilization for mechanically unstable injuries of the
cervical, thoracic, or lumbar spine is normally six to eight weeks. At that time, further radiographic imaging
of the affected region is performed to establish whether the spine has adequately healed and 1s stable.

Infection Control

Disruption of the dura (e.g., open spinal injury) is associated with a significant risk of central nervous
system infection.”®® Reports from combat settings (i.e., Iran-Iraq, Vietnam, and Lebanese conflicts) have
documented infection rates of 4 to 11 percent following penetrating brain injuries."*""**!%% The benefits of
administering prophylactic antibiotics prior to elective neurosurgical procedures have been used to justify
the administration of prophylactic antibiotics following penetrating injuries to the spine.'*

Prophylactic antibiotics may be of benefit following open spinal injury given the significant risk of central

nervous system infection.

It a hollow viscus is not violated with penetrating spine injuries, the administration of three to five days
of prophylactic parenteral antibiotics has been recommended.'” Cefazolin, one gram intravenously every
8 hours, is often given in these situations."® If a concern for meningitis exists, as in the case of persistent
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cerebrospinal fluid (CSF) leakage after dural violation by a projectile, ceftriaxone (one gram intravenously
every 12 hours) is often prescribed.'” Better defining the role (e.g., optimal duration of therapy, choice of
antibiotic) of these treatment regimens requires future study.

It is also important to consider associated hollow viscus injuries in patients with penetrating projectile
injury to the spine. If the projectile has potentially penetrated the pharynx, esophagus, or colon, then extra
precautions should be taken to prevent spine infection.'® This is essential only when the bullet has first
penetrated the viscus and then penetrated the spine, and it does not seem to be clinically important if the
bullet first traversed the spine before perforating the viscus. In contrast to prior recommendations, which
promoted radical spine debridement, the best results have been reported by Roffi and coworkers, who
recommended minimal spine debridement and one to two weeks of prophylactic parenteral antibiotics.'*
The parenteral antibiotics should be broad-spectrum agents directed at the particular bacteria normally
associated with hollow viscus injury.'*’

In contrast to prior recommendations that advocated radical spine debridement for cases of penetrating
spinal injury with associated hollow viscus violation, current evidence supports minimal spinal debridement

in conjunction with parenteral antibiotics.

Complications: Penetrating Spine Trauma

Complications from penetrating injuries to the spine are a concern for CCC providers. Even in the face
of proper initial triage and management, these complications may present either early in the treatment
course or up to several weeks later. It is absolutely critical that CCC providers promptly recognize and treat
these complications as they can have devastating effects on patients. Cerebrospinal fluid fistulae, infection,
and vascular injuries are some of the more common situations that may be faced by the battlefield medical

team, 345 131,182,133

Cerebrospinal Fluid Fistulae

Cerebrospinal fluid fistulae have been recognized after penetrating injuries, and they are defined as an
abnormal CSF conduit within either the skin or body cavities.**! Stauffer et al. studied bullet removal
following penetrating spinal injury and found that CSF fistulae commonly occurred after surgical treatment
with laminectomy.'"* The incidence of CSF fistulaec was 6 percent in patients treated with laminectomy,
debridement, irrigation and bullet removal.'* As previously stated, routine surgical intervention following
spine injuries with stable neurological exams does not change neurologic outcomes.'*! The fact that most CSF
fistulae occur following surgical interventions is yet another reason to reserve surgical intervention for later
in the treatment course, unless emergent decompression due to neurological deterioration is indicated.

If emergency spinal surgery is performed (e.g., due to neurologic deterioration), it is imperative that
meticulous dural repair occurs. Augmentation of dural repair with tight closure of the paraspinal muscles,
fascia, and skin will minimize the occurrence of postoperative CSF fistulae.

Meningitis 1s a devastating complication of persistent CGSF leakage and it is imperative to avoid
this dreaded complication.*'** When spinal surgery is performed, meticulous dural repair is essential.
Augmentation of dural repair with tight closure of the paraspinal muscles, fascia, and skin will minimize
the occurrence of postoperative CSF fistulae (Fig. 20). Likewise, it is advised that an intraoperative valsalva
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Figure 20. Pediatric host nation patient with penetrating spinal injury (patient’s lumbar region). After wound debridement, a gluteal flap was created and
rolated over the spinal canal to prevent CSF leakage and infection. Image courtesy of the Borden Institute, Office of The Surgeon General, Washington,
DC.

maneuver should be performed after the dural leak is repaired to ensure the seal is watertight, and if
persistence of the leakage occurs, a lumbar drain should be placed. Most Level II and III facilities will
not have subarachnoid (lumbar) drains on-hand, thus providing another reason to delay elective surgical
interventions.

CSF fistulae can either track cutaneously (externally) or into other body cavities (internally). The cutaneous
variety typically are easily identifiable. However, fistulae emptying into a deep body cavity can be
overlooked. When a penetrating spinal injury patient has persistent postural headaches, the existence of
a GST fistulae with a course that tracks to an internal cavity should be suspected. Radionucleotide studies
can be effective in confirming the diagnosis and localizing the tract.'*® However, these studies require
introduction of the radionucleotide into the subarachnoid space and are not available to Level II and
III CCC providers. When a CSF fistula is suspected, the placement of a lumbar (subarachnoid) drain is
recommended followed by supine patient body positioning pending resolution of the leak.

Spinal Infections
Spinal infections following penetrating spinal injury are often accompanied by perforation of a hollow
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viscus." Postoperative spine infections can be another common scenario in association with penetrating
spinal injury. Stauffer found the rate to be 4 percent after decompressive laminectomy with projectile
removal.'* For these reasons, perioperative antibiotic prophylaxis and the administration of antibiotics
for up to 14 days post-injury have been recommended when a dural tear is in communication with a

** Tn such patients, an internal fistula may also be present in association with the spine

hollow viscus injury.
infection. It is virtually impossible to resolve a spine infection unless the fistula is corrected. General surgery
techniques such as diversion of the drainage with nutritional hyperalimentation may be necessary when a

deep space CSF fistula is present.

Local surgical exploration, debridement, or diversion may be required in cases of penetrating spinal

injury associated with hollow viscus involvement, given the risk of infection.

In the face of progressive paralysis or deformity in association with spine infection, the necessity to identity
an organism, problematic foreign body, or failure of nonoperative management are all indications to
proceed with exploratory surgery. In most cases, spine infections may not be readily apparent until later in
the evacuation of the battlefield trauma patient, and C'T-guided biopsy with abscess drainage along with
parenteral antibiotic administration is the typical management strategy. Routinely, the Level V facility has
this capability.

Vascular Injuries

Vascular injury must be considered in all patients with penetrating injury to the spine. The vertebral arteries
within the transverse foramina of the cervical spine, the thoracic aorta associated with the thoracic spine,
and the iliac vessels anterior to the lumbar spine are vulnerable to injury following penetrating spine trauma.
Suspicion for vascular injury should be further heightened in the face of progressive anemia or persistent
hypotension in the spine trauma patient. Current recommendations advise that wounds should be explored
when significant warning signs for vascular injury are present.'*'** Hard signs such as pulsatile bleeding,
neurovascular compromise, an expanding hematoma, and a palpable thrill are obvious warning signs for
vascular injury.

Projectile in the Disc Space

Several factors have traditionally been considered in deciding whether surgery is indicated when projectiles
are located in the disk space. The first consideration is whether lead poisoning (plumbism) or other
projectile-associated toxicity will develop. Reports in the literature suggest that the lead is leached out
of a bullet that is bathed in synovial fluid, and lead poisoning can subsequently occur.'” Plumbism is a
late complication and is typically not an immediate concern for CCC providers. Second, the careprovider
should determine whether mechanical disruption of physiologic spinal segment movement has resulted
from the presence of a projectile within the disk. Mechanical stability is an issue when the patient is placed
upright and typically can be dealt with at higher levels of care outside of the battlefield. Lastly, it must be
determined whether disk extrusion has resulted from a penetration of the disk space by the projectile. If
disk extrusion leading to symptomatic neural compression occurs, neural decompression and removal of
the disk fragments are indicated. This occurrence is extremely uncommon, but it has been reported in the

literature.'*
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The need to remove a projectile resting in the disk space is rare. If this operative intervention is required,
it should be performed at Level IV or V facilities, unless progressive neurologic deterioration is noted at a

Level III facility and skilled spine surgeons are available to operatively intervene.

Projectile in the Spinal Canal

Many anecdotal articles have been written concerning removal of bullets (projectiles) from the spinal
canal /7 HOMLIEI9.10 Prigr to the 19907, this topic had not been studied in a methodologically rigorous
manner. For study conclusions to be robust, the two study groups must have equivalent pathology, with one
group having bullets removed and the other group having bullets left in place. It 1s also important that this
study be done on a prospective basis, recording adequate neurologic information as well as quantitative
assessment of clinical variables (e.g., pain). A well-designed study of the removal of bullets from within
the spinal canal was performed by Waters et al.’! The study reviewed 90 cases of patients with bullets
lodged within their spinal canals, of whom 32 had bullets removed and 58 had bullets left in place. They
concluded that between the T12 (thoracic) to L5 (lumbar) spinal levels statistically significant neurologic
motor improvement occurred with removal of the bullet from the spinal canal. There was no difference,
however, in sensation or in pain experienced by the patients. In thoracic spine injuries, from T1 to T11,
no statistical difference was seen for either complete or incomplete injuries, whether or not the bullet was
removed. Similarly, no difference was seen with bullet removal in the cervical spine; however, the authors
suggest that the patient numbers were too small to be able to draw statistical conclusions about the cervical
spine.

The medical literature does not support the routine removal of projectiles resting in the spinal canal when
located between T'1 to T'12 vertebral bodies. For projectiles in the canal inferior to T12 vertebral body;,
removal of the projectile in-theater should only be attempted if the neurological exam is deteriorating. If
the exam remains unchanged or improves, then removal may occur at Level IV or V facilities. There is
insufficient data to provide more definitive recommendations regarding cervical spinal canal bullet fragment
removal.

Elective removal of projectiles from within the spinal canal should ideally be performed seven to 10 days
following the injury. This time lag will minimize many cases of CSF leakage and considerably simplify

dural tear management.

Once the decision has been made to surgically remove the projectile from the spinal canal, it is essential that
a scout radiograph be taken in the operating room before the incision is made. The reason for this is that
the projectile can occasionally migrate within the spinal canal, depending on the position of the patient.'”
This is especially true for patients with large spinal canals and relatively small embedded projectiles. Elective
removal of projectiles from within the spinal canal should ideally be performed seven to 10 days following
the injury. This time lag will minimize many cases of CSF leakage and considerably simplify dural tear
management.'*’
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Summary

Spinal injuries cause significant morbidity. Spinal injury patients often have multiple coexisting, life-
threatening injuries. Knowledge of spinal anatomy is necessary to accurately evaluate and manage spinal
injury patients. Combat casualty care providers must have an accurate understanding of the emergency
management, diagnostic evaluation (e.g, radiological studies), transport considerations, and therapeutic
management of spinal injury patients.
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