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Disability 

 
If thou examinest a man having a dislocation in a vertebra of his neck, shouldst 
thou find him unconscious of his two arms and his two legs on account of it, while 
his phallus is erected on account of it, and his urine drops from his member with-
out his knowing it; His flesh has received wind; his two eyes are bloodshot; It is a 
dislocation of a vertebra of his neck.1(p 5)

 
The Edwin Surgical Papyrus 

 
The British Admiral Lord Horatio Nelson, at the time of his greatest victory, the 
defeat of Napoleon's fleet at Trafalgar in 1805, was mortally wounded by a gun-
shot to his chest that struck his thoracic spine and caused paraplegia below the 
breast. Mr. Beatty, the ship's surgeon, was called and upon his arrival Nelson is 
reported to have said, "Ah, Mr. Beatty! I have sent for you to say what I forgot to 
tell you before, that all power of motion and feeling below my chest are gone and 
you very well know I can live but a short time…You know I am gone." Mr. 
Beatty's reply was: "My Lord, unhappily for our Country, nothing can be done for 
you." Nelson died a few hours later.2 
 

The Death of Lord Nelson by William Beatty 
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Overview and Epidemiology of Head 

and Spine Injury 

As reported by Picket et al. in their popu-
lation-based study of brain injuries,3 blunt 
head injury is a leading cause of death4 
and disability in the United States.  In the 
United States r

5

oughly 1.5 million people 
sustain a head injury each year and head 
injury causes about 50,000 deaths annu-
ally.  6 Of those with traumatic brain injury 
[TBI] at least 80,000 are left with some 
degree of long-term disability.7 Head 
trauma in the U.S. is very costly generat-
ing roughly $346 million in emergency 
care costs8 and $54 billion in associated 
hospital care costs each year [in 1990 dol-
lars].9

Despite its rarity, spinal cord injury is also 
a significant contributor to health care 
costs in the United States. Acute spinal 
cord injury occurred in only 2.6% of the 
114,510 patients entered into the Major 
Trauma Outcome Study  between 1982 – 
1989.10 Within the U.S. only around 
10,000 individuals sustain a spinal cord 
injury (SCI) each year.11(p.329) Despite a 
low annual rate because of the permanent 
nature of cord injury almost 200,000 peo-
ple in the United States have some degree 
of paralysis caused by SCI.12 Annual ag-
gregate costs, in 1988 dollars, for spinal 
cord injury were estimated by Berkowitz 
to be $5.6 billion.13  
 
Combat-associated wounds of the head 
and neck are also costly in terms of human 
life, disability, and long-term cost. Such 
injuries occur at a frequency greater than 
would be predicted by body surface area 
and cause a disproportionate number of 
combat deaths. Although the head and 
neck make up only about 9% of adult 
body surface area, in the past 75 years, 
roughly 17% of all combat wounds have 
been to the head and neck. Head wounds 

have accounted for around 14% of all iso-
lated or major combat caused wounds14 
and spine injuries make up about 2% to 
3%.15  
 
The relative frequency of combat-related 
head and neck wounds varies considerably 
depending upon the character of ongoing 
military operations. During the Korean 
War, for all types of combat operations, 
injuries to the head and neck accounted 
for approximately 20% of all wounds, 
whereas during withdrawal operations, 
only 13% of all wounds were to the head 
and neck.16(p.44) These differences in fre-
quency reflect differences in anatomic 
exposure and variations in the type of 
weaponry employed in different opera-
tions.16 (p.46) During World War II, of 
14,000 battle casualties who survived long 
enough to be treated in Fifth U.S. Army 
hospitals, 6.17% had wounds involving 
the head (excluding maxillofacial 
wounds). One-third of these wounds were 
classified as intracranial and two-thirds 
involved only the scalp; this reflecting the 
high lethality of wounds that involve 
penetration of the cranium.17(p.99)  
 
One reason the head and neck are dispro-
portionately injured is because combatants 
frequently expose this part of their body to 
engage the enemy. Some of this dispro-
portionality may also be due to there being 
a higher percentage of combatants with 
minor head injuries who seek medical care 
than occurs in those sustaining similar 
wounds elsewhere on the body. Improve-
ments in, and increased use of, body ar-
mor will certainly affect the total number 
of casualties with head and neck wounds 
occurring in a given combat engagement; 
but there is currently no definitive evi-
dence that shows this is occurring. Given 
the vital structures contained within the 
head and neck, it is not surprising that 
combat-associated wounds to the head and 
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neck have a high incidence of morbidity 
and mortality. Head wounds have ac-
counted for almost half of all ground 
combat deaths since World War II.18 Dur-
ing the Korean War, bullet wounds to the 
head resulted in death 59.9% of the time 
and fragment wounds to the head from 
explosive devices caused death 37.7% of 
the time.15 (p.44)  

Head Injury 

Despite significant advances in neurosur-
gery and critical care, penetrating head 
wounds remain the second most common 
cause of combat-related deaths (following 
hemorrhage). Spinal cord injuries, particu-
larly those in the cervical spine, although 
rare, are also highly lethal. The case fatal-
ity rate for bullet-caused head wounds 
during the Korean War was 14.7%; this 
only being exceeded by bullet-caused ab-
dominal wounds (14.9%) as a single cause 
of death following hospitalization (the 
category “body generally,” which covered 
multiple causes and locations of wounds 
that were otherwise not identified is listed 
as the cause of death in 33% of all DOW 
during the Korean War).16(p.44)  
 
During the Korean War, the relative pro-
portion of DOW from all causes was 
25.4% for wounds of the head (for wounds 
of the face it was 5.4%).16 (p.44) Overall, 
major head wounds constitute about 14% 
of all combat casualties. Of these, almost 
50% die either immediately or shortly af-
ter wounding. Of the 50% who do not die 
immediately, about 20% require advanced 
medical care or they will die within 6 
hours; without neurosurgical care another 
30% will die within 24 hours. Most of the 
remaining casualties with a major combat-
caused head wound in which the dura has 
been penetrated will die within a week of 
wounding from infection unless properly 
treated.  

Thus, without timely and proper treat-
ment, nearly 90% of all combat casualties 
with serious head wounds involving pene-
tration of the dura will die; even if such 
treatment is immediately available, a sig-
nificant number will still die.14 In Vietnam 
20% of those with penetrating head 
wounds who survived beyond the first few 
minutes had very severe wounds and died 
without surgery soon after admission. The 
other 80% who survived long enough to 
reach a hospital had surgery, with a mor-
tality of about 10%. Fortunately, most of 
these eventually returned to productive 
lives.19 It is fortunate that a sizeable num-
ber of head wounds do not involve pene-
tration of the cranium, because when 
penetration occurs, death usually results. 
 

Although head and neck wounds are still 
associated with a high morbidity and mor-
tality, the prognosis of casualties with 
these injuries has improved considerably 
in the past century. The mortality associ-
ated with all head wounds was 73.9% in 
the Crimean War and 71.7% in the Ameri-
can Civil War.20, 21 In World War I, under 
the guidance of the famous neurosurgeon, 
Harvey Cushing, the DOW rate of pene-
trating head wounds, fell from 78% to 
28.8% (keep in mind that this was in the 
pre-antibiotic and pre-diathermy era).22, 23  
 
When antibiotics were introduced during 
World War II, the DOW rate for penetrat-
ing head wounds fell to 14%24 and during 
the Korean War, to below 10%.16 (p.44),20, 25  

The relative improvement in survival of 
casualties with head and/or neck wound 
seen during the Korean and Vietnam 
Wars, as compared to earlier conflicts, 
was most certainly even better than the 
DOW rate would suggest because in both 
of these conflicts, rapid aeromedical 
evacuation of such casualties was rou-
tine;26 rapid transport of such casualties to 
a hospital would be expected to cause a 
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paradoxical increase in the DOW rate be-
cause more casualties with unsurvivable 
wounds live long enough to reach the hos-
pital, only to die shortly thereafter.  
 
In a study of 690 missile head wound 
casualties of the Iran-Iraq war (1980-
1988) who had dural penetration (which 
occurred in 74% of all casualties with 
head wounds),21, 27 Aarabi found that 
72.1% of these wounds were caused by 
shell fragments (mainly from shrapnel, 
artillery, bomb, mine, hand grenade and 
surface-to-surface missile) and 11.8% 
were from gunshot wounds (mostly 7.62 
bullets fired from AK-47 assault rifles). In 
16.1% of cases, the wounding agent could 
not be determined.28 

Small fragments, not bullets, produce 
most wounds in modern combat29 and bul-
lets, being much more lethal than frag-
ments, are much less likely to produce a 
living casualty. This probably accounts, in 
part, for the overwhelming predominance 
of fragment, as opposed to bullet, wounds 
of the head seen in combat medical treat-
ment facilities. The Kevlar helmet effec-
tively prevents penetration of most frag-
ments but not most bullets (see following 
discussion), so when it is used, the relative 
percentage of bullet, as compared to frag-
ment-caused head wounds (lethal and non-
lethal) would be expected to increase.  

Neck Injury 

Penetrating wounds of the neck also have 
a high morbidity and mortality. In a recent 
study of 54 Israeli soldiers sustaining 
penetrating neck wounds due to combat-
type mechanisms, 26% (14) died before 
reaching the hospital and another 15% (8) 
died after reaching the hospital, for an 
overall mortality rate of 41%. Most of 
these casualties sustained projectile 
wounds (38) and gunshot wounds (13).30  

Even in a civilian setting, overall mortality 
due to penetrating neck trauma is as high 
as 11%,31  and if there is injury to major 
vascular structures such as the carotid or 
subclavian vessels, mortality may exceed 
60%.32 
 
Of 4,555 cases in the WDMET database 
of Vietnam casualties, 614 records were 
coded as belonging to combat casualties 
with some form of penetrating neck 
wound (open neck wounds; superficial 
neck wounds; open laryngeal injury; vas-
cular injury of the head and neck; and spi-
nal column injury, with or without cord 
injury) for an approximate incidence of 
13% of all combat casualties having some 
type of penetrating neck injury.33 Because 
of their relatively high lethality casualties 
with penetrating neck wounds make up a 
considerably smaller percent of the surviv-
ing wounded.  

Injuries Involving the Spinal Cord 

A survey conducted 1 month after D-Day 
in World War II showed that about 10% of 
all casualties who reached general hospi-
tals were neurosurgical. Of all injuries in 
casualties surviving to present for care, 
head injuries accounted for about 4%, in-
juries to the spinal cord about 1.5%, and 
peripheral nerve injuries 5–6%.34 (p82)  
 
The history of Soviet medical care of spi-
ne injuries during World War II is illustra-
tive of the influence that the tactical situa-
tion can have on the relative frequency of 
the various causes of penetrating spine 
injury in combat casualties and on wound-
ing patterns. In the Soviet experience in 
World War II bullet wounds caused on 
average 42.5% of all combat-related dam-
age to the spine, fragments caused 57.3%, 
and blunt trauma caused only 0.2%. The 
frequency with which each of these 
mechanisms caused spine injury varied, 
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however, depending upon the tactical 
situation. In defensive operations, frag-
ment wounds made up a much higher per-
centage, whereas in offensive operations, 
bullet wounds of the spine increased in 
frequency.35(p45)  
 

 
 
Flexion Teardrop, Unstable Fracture of C5, from 
Operational Medicine 2001 
 
 
Different types of penetrating injury were 
also associated with different rates of as-
sociated spinal cord injury. Significant 
injury was caused to the spinal cord more 
frequently when the wounding agent was a 
large fragment from an artillery shell or 
bomb (unimproved munitions), whereas 
there was less cord damage from smaller 
fragments that produced "multi-fragment 
wounds" of the spine.35 (p.46) Bullets would 
also be expected to more commonly cause 
spinal cord injury as compared to frag-
ments from improved conventional muni-
tions.  
The tactical situation also caused differ-

ences in the relative frequency of cord 
injury and in the anatomic distribution of 
spine injuries in casualties presenting to 
hospitals. The preponderance of wounds 
of the thoracic spine in surviving casual-
ties was, at least in part, due to the fact 
that those with penetrating neck wounds 
were more likely to die prior to reaching a 
hospital (selection bias).35 (p52)

 
Actually, despite noting a relative infre-
quency of cervical spine injuries, the pub-
lished frequency in this text of such inju-
ries was still 19.4%, with 38.7% occurring 
in the thoracic spine, 35.8% in the lumbar 
spine, and 5.7% in the sacral spine (it is 
unclear from the Soviet text what injuries 
accounted for the remaining 19.8%). What 
was significantly different, however, was 
that, as compared to those with other inju-
ries of the spine, those with cervical spine 
injuries rarely had wounds that penetrated 
into the spinal canal. This was explained 
in the Soviet text as being due to the fact 
that those with cervical cord injuries 
"…more frequently perished on the field 
of battle."35 (p.55)  
 
Despite their infrequency among surviving 
casualties, patients with spinal cord inju-
ries often require significant medical re-
sources, both initially and throughout their 
lives. As noted by Frohna,36 in 1992 dol-
lars, the average direct cost of caring for a 
ventilator-dependent patient with a high 
cervical spine injury was $417,067 for the 
first year and $74,707 for each subsequent 
year.37(p.1-5)  
 
These are very debilitating injuries, so 
efforts to minimize cord damage wherever 
and whenever possible are certainly rea-
sonable and appropriate. The great major-
ity of combat-caused head and neck 
wounds continue to be penetrating, but as 
the total number of U.S. casualties caused 
by direct enemy action has declined the 
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relative frequency of blunt trauma from 
motor vehicle and aircraft crashes and 
from falls has likely increased. As of June 
2003, accidents of all causes had ac-
counted for 37% of all Operation Iraqi 
Freedom fatalities, and almost half of 
those were due to vehicular accidents.38  
For this and other reasons, it is important 
to review how such injuries are managed 
at or near the point of injury in civilian 
and battlefield settings. 
 

 
 
Flexion Teardrop, Unstable Fracture of C4, from 
Operational Medicine 2001 
 
Much of how we care for patients with 
head and spine injuries in combat today 
comes from civilian practice, so it is im-
portant to understand that medical prac-
tices appropriate in a civilian setting may 
not always be appropriate in a combat en-
vironment. There are significant differ-
ences in combat mechanisms of injury as 
compared to injury in civilian settings. 

Even blunt spinal trauma in combat may 
be different from civilian blunt trauma. 
Combat casualties may suffer spine injury 
due to mechanisms such as ejection from 
high-performance aircraft and aircraft ac-
cidents, which either do not occur at all in 
civilian settings or occur much more 
rarely. The environment in which these 
injuries are cared for is also significantly 
different.  
 
The exact impact of these differences on 
the frequency of unstable fractures is un-
clear, but it is likely that the frequency of 
unstable fractures among combatants with 
cervical spine injuries is different than that 
in a random mix of civilian patients with 
cervical spine injuries. These differences 
alter the relative risk-benefit ratio of any 
care provided to combat casualties such 
that a medical practice that might produce 
more good than harm in a civilian setting 
might well have the opposite effect in a 
combat environment. 
 
To understand how modern prehospital 
care for head and spine injuries has come 
to be what it is, it is important to examine 
the epidemiology of civilian head and spi-
ne injuries and to consider the modern 
civilian prehospital practice environment. 
Within the civilian population approxi-
mately 11% of all trauma admissions have 
a head injury39 and 1-3% of all blunt 
trauma victims  with cervical fractures40, 41  
have an injury to the spine [spinal cord]. 
According to the American College of 
Surgeon's ATLS course, approximately 
55% of spine injuries occur in the cervical 
region, 15% in the thoracic region, 15% at 
the thoracolumbar junction, and 15% in 
the lumbosacral area.42  
 
Blunt trauma, primarily from motor vehi-
cle accidents, accounts for approximately 
82% of all serious non-fatal civilian head 
injuries (Traumatic Brain Injury in the 
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United States: A Report to Congress CDC 
Estimates of Traumatic Brain Injury-
Related Disability Current Data @ 
http://www.cdc.gov/doc.do/id/0900f3ec800101e6/) and a 
similar percentage of all civilian spine 
injuries.36  In civilian trauma, only around 
15% of all spine injuries43-45 and approxi-
mately 10% of all head injuries (Trau-
matic Brain Injury in the United States: A 
Report to Congress CDC Estimates of 
Traumatic Brain Injury-Related Disability 
Current Data @ 
http://www.cdc.gov/doc.do/id/0900f3ec800101e6/) are 
caused by a penetrating mechanism, most 
of these being the result of a low-velocity 
gunshot wound from handguns.  
 
A number of articles have placed the fre-
quency of spinal column injury from gun-
shot wounds to the neck (primarily low 
velocity) from a low of 2.7%46 to a high of 
22%47 with neurological deficits being 
present in 1.9%.46, 47 

Civilian vs. Military Spine Injuries 

The above discussion about epidemiology 
of wounding is relevant to a discussion 
about point-of-wounding care for casual-
ties with spine injuries. When making 
risk-benefit decisions about the care of 
such patients, it is necessary to know, at 
least approximately, the portion of surviv-
ing casualties who will have spinal cord 
and unstable cervical spine injury. The 
benefit of reduced risk of spinal cord in-
jury must be balanced against the logisti-
cal challenges and the risks associated 
with spine immobilization in a combat 
zone; the outcome of this analysis is sub-
stantially influenced by the incidence of 
unstable spine injuries in combatants.  The 
more common unstable spine injury is in a 
given population the greater the relative 
benefit of spine immobilization.  
 
The estimate by Arishita et al.33 of an in-

cidence of 1.4% unstable penetrating cer-
vical spine injuries in combat casualties 
with penetrating neck wounds is signifi-
cantly influenced by how many casualties 
with potentially unstable cervical spine 
injuries died  prior to treatment.  In their 
analysis 20 of 365 [5.5%] combat casual-
ties who had potentially survivable pene-
trating neck wounds, died. If these 20 
casualties had been included in Arishita et 
al.’s estimate of unstable spinal cord in-
jury, the frequency of unstable cervical 
spine injuries among those who do not die 
immediately could be more than twice as 
high (3.7%).48  
 
However, unless it becomes significantly 
easier in the future to reach and treat com-
bat casualties with penetrating neck 
wounds, there will always be a group of 
patients who will die before they receive 
care; this fact must be considered in any 
risk-benefit analysis of medical care.  
 
In the article by Arishita et al.,33 the case 
of a soldier shot through the neck and 
found lying face down in the water is il-
lustrative. This casualty was dragged out 
of the water by his comrades without any 
regard for his cervical spine, and was later 
found, on autopsy, to have an unstable 
cervical spine injury with cord damage. 
This individual was described by the au-
thors as someone who might potentially 
have benefited from cervical spine immo-
bilization, when in fact it seems probable 
that if the casualty were not already para-
lyzed, he would have removed his own 
face from the water. Had care not been 
almost immediately available, it is highly 
likely that this casualty would have died at 
the site of wounding from exsanguination 
or drowning, rather than later. Thus, the 
fact that his cervical spine was not immo-
bilized in the middle of a firefight seems 
not to be especially relevant. 
Injury to the head and neck from frag-
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ments is quite rare in a civilian setting but 
is relatively common on the battlefield. 
The great majority of civilian bullet 
wounds are caused by low-velocity hand-
guns, whereas most bullet wounds to the 
head and neck sustained during combat 
are caused by high-velocity weaponry, 
with low-velocity bullet wounds being 
rare in combat. These differences in 
mechanism of penetrating trauma make it 
difficult to compare penetrating neck 
trauma in civilian and military settings. 
The frequency of cord injury and spine 
instability is certainly different between 
wounds caused by high-velocity, full-
metal-jacket rounds and those caused by 
soft-lead, low-velocity bullets shot from a 
handgun. An extensive discussion of these 
differences is provided later in this chap-
ter. 
 
Another difference between civilian and 
military head and neck trauma is that the 
great majority of combatants are healthy 
males between the ages of 18 and 35, 
whereas the civilian population includes 
both the very young and the very old:  two 
groups of patients with a much higher risk 
of head and neck injury and of spine in-
stability.  
 
Different age groups even have different 
patterns of injury. In infants and small 
children, the head is relatively much larger 
than the neck and body as compared to 
adults, and the supporting musculature is 
much weaker, making certain injuries con-
siderably more likely. On the other end of 
the age spectrum, degenerative changes 
predispose the elderly to spine and spinal 
cord injuries. In both the very young and 
the elderly, high cervical spine injuries are 
relatively more common compared to 
those in the age range of most combatants 
(18-35), in whom injuries to the lower 
cervical spine predominate.  
In the multicenter National Emergency X-

radiography Utilization Study49 (NEXUS) 
participants between 20 and 30 years of 
age sustained their injury between the lev-
els of C5 and C7 around 50% of the time 
and the vertebral body was the structure 
fractured in roughly 30% of these lower 
cervical vertebrae – making it the single 
most commonly injured structure.50 Im-
portantly isolated vertebral body fractures 
are rarely associated with spinal cord in-
jury.50 In the 20- to 30-year old age group, 
spinal cord injury occurred in only 4.1% 
of patients with a radiologically signifi-
cant cervical spine injury.51, 52 In the 60- to 
80+ age range, however, fractures of C1 
and C2 accounted for 57% all fractures.51 
A high percentage of C1-C2 fractures are 
unstable. In NEXUS, the relative risk for 
cervical spine injury in elderly blunt 
trauma victims was 2.09, compared to 
0.87 for other adult blunt trauma victims.52 

All this suggests that the risk of spinal 
cord injury and spine instability is proba-
bly considerably higher in a civilian popu-
lation that includes an elderly population 
than in combatants, nearly all of whom are 
young, previously fit, adults.  
 

Definition of “Instability” 

Before discussing the frequency of spine 
instability in blunt and penetrating inju-
ries, it is important to define exactly what 
constitutes "instability." The term, "unsta-
ble fracture" is commonly used in the lit-
erature without there being general 
agreement as to exactly what this term 
means. Guttmann, in his 1976 text, Spinal 
Cord Injuries: Comprehensive Manage-
ment and Research, 53 (p179) noted that, 
"There is still disagreement as to the defi-
nition of stable and unstable fractures, 
and the criteria used differ considerably." 
Because fear of causing spinal cord injury 
in a neurologically intact patient who has 
an “unstable” spine injury has led to the 
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current, nearly universal, practice of spine 
immobilization, it is important to define 
exactly what constitutes an "unstable" in-
jury. Unfortunately, most investigators do 
not provide a definition when they use the 
term "unstable." Without an agreed-upon 
definition, it is not possible to do an accu-
rate meta-analysis of studies to determine 
the true frequency of this condition. Given 
the rarity of unstable cervical spine injury, 
it is difficult to do a large enough study to 
determine its true incidence.  
 
Instability is generally defined by the 
anatomic structures that are injured.54, 55 
White et al. performed an analysis of the 
clinical stability of cadaveric spines fol-
lowing sequential transection of the ante-
rior and posterior structures (ligaments, 
annulus fibrosus, and articular facets), in 
flexion and extension, to determine which 
of these structures contributes most to spi-
nal stability.55 They found that the spine 
tends to remain stable even when most of 
the ligaments are transected.  
 
They also found that when instability oc-
curred in this model, it occurred suddenly 
and completely, without any warning of 
intermediate instability. With regard to the 
influence of the paracervical muscles on 
spinal stability, White et al. stated that, 
"Although muscles exert some forces, we 
do not believe that they play a significant 
role in clinical stability.” They based this 
conclusion upon the clinical observation 
that in “severe motor paralysis of the 
paracervical muscles, significant dis-
placement of the vertebral bodies and fac-
ets does not occur provided the bone and 
ligamentous structures remain intact." Ob-
viously because their study used cadaveric 
spines, they could not test this hypothesis.  
 
In any case, it should be noted that the 
converse situation is the issue in most pa-
tients; i.e., when the bone and ligamentous 

structures are NOT intact, how much do 
the paracervical muscles contribute to sta-
bility? No study to date has assessed this 
important question, although this author is 
aware of unreported anecdotes that sug-
gest that patients with unstable cervical 
spine injuries are, at least occasionally, 
able to stabilize their cervical spines 
through the use of paracervical and other 
muscles (reports of patients presenting to 
emergency departments stabilizing their 
own highly unstable cervical spine frac-
tures with their hands “holding their head 
on”). 
 
Spine instability is occasionally defined 
functionally as well as anatomically. 
Hockberger et al., in Rosen's Emergency 
Medicine: Concepts and Clinical Practice 
text, state that if neurological injury has 
occurred, particularly delayed neurologi-
cal injury, then, by definition, the original 
injury was "unstable."56(p372)  They note 
that the concept of stability is "…complex 
and somewhat confusing" and that me-
chanically stable injuries may be associ-
ated with spinal cord injuries (this is cer-
tainly the case in penetrating trauma) 
whereas many patients with mechanically 
unstable injuries may have no neurologi-
cal deficit. 
 
Generally anterior column injuries, i.e. 
those involving only the vertebral body 
and/or intervertebral disks, are considered 
stable. Injuries of the posterior column 
(pedicles, transverse processes, articulat-
ing facets, laminae and spinous processes, 
together with their associated ligaments) 
are more likely to be unstable, especially 
if there is some degree of dislocation with 
associated ligamentous injury. Isolated 
fractures of posterior elements without 
dislocation have a relatively low incidence 
of associated neurological injury.  
 
The most unstable of all injuries are those 
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involving elements of both the anterior 
and posterior columns.50 In an extensive 
epidemiologic study by Riggins & Kraus, 
patients with isolated vertebral body frac-
tures had a 3% incidence of neurologic 
deficit, whereas those sustaining fractures 
of the posterior elements and body with 
some degree of associated malalignment 
of the spine had an incidence of 61%.51  
Guttmann, in his Spinal Cord Injuries text, 
notes that data on the frequency of unsta-
ble spine injury vary considerably from as 
low as 3.5% to as high as 12%.53

 

Influence of Mechanism of Injury on 
Spine instability 

 
It is unclear whether a fracture caused by 
blunt force is the same as a similar frac-
ture caused by a penetrating mechanism in 
terms of spinal stability. It is likely that 
blunt trauma and penetrating trauma are 
quite different in this regard. The kinetic 
energy transferred to the spine and its as-
sociated structures during a motor vehicle 
or aircraft accident or during a fall from a 
height is considerably different than that 
transferred during penetrating injury. In 
penetrating injury, the kinetic energy of a 
bullet or fragment is expended within a 
relatively small space, whereas in blunt 
trauma, the kinetic energy is spread over a 
much larger area.  
 
The rate of energy release is also different. 
In high-velocity penetrating injury, all of 
the kinetic energy is released into the tis-
sue within microseconds. In blunt force 
injury, the transfer of energy is relatively 
much slower. These differences in energy 
magnitude, distribution, and transfer time 
are probably important in terms of likeli-
hood of spine instability.  
 
Many authors have stated that bullets 

cause spinal cord injury from "direct 
trauma" rather than from movement of an 
unstable spinal column after the initial 
injury.57-60   
 
Many factors may contribute to the ob-
served differences but it appears that spine 
instability is considerably less common 
when the mechanism of injury is penetrat-
ing. It is therefore probably erroneous to 
assume that the degree of spine instability 
present in a patient with a fracture caused 
by blunt force would be the same in a pa-
tient with an identical fracture caused by a 
penetrating mechanism.  
 
Barkana et al. note that all of the literature 
concerning definition, description, and 
experiments of spine instability is based 
on blunt trauma.30, 61-67 They go on to 
comment that when penetrating injuries 
are evaluated, it is very rare to find unsta-
ble injury, and they state that it is 
"…conceptually impossible for a penetrat-
ing injury to cause such substantial spinal 
damage leading to instability without 
completely destroying the cord."30 It 
should be noted that this Israeli study by 
Barkana et al., and their collective experi-
ence, is probably influenced by a pre-
dominance of penetrating injuries caused 
by high-velocity military bullets.  
 
Apfelbaum et al. describe a case of “un-
stable” cervical spine injury without cord 
damage caused by a 22-caliber long rifle 
bullet fired from a handgun.44 Although 
this patient’s spine may have met an anat-
omic definition of “instability,” the func-
tional “instability” of even this injury is 
disputable. This patient did not sustain a 
spinal cord injury despite periods of time, 
both before and after receiving medical 
attention, in which her cervical spine was 
not immobilized. During the time her 
spine was not immobilized there was quite 
probably movement that would have 
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caused cord injury had there been signifi-
cant instability; it is certainly unlikely that 
a patient who had been shot in the neck 
would lie perfectly still while waiting for 
the ambulance to arrive. Low-velocity 
bullets and fragments certainly can cause a 
spine injury that fits the commonly used 
anatomical definition of "unstable" with-
out causing concomitant cord injury even 
when movement occurs.  
 
Although current literature suggests that 
the risk of an unstable cervical spine fol-
lowing penetrating trauma is minimal,33, 56 
there is little data  to support this state-
ment. In their retrospective review of 
cases in the WDMET report with penetrat-
ing neck wounds, Arishita et al. conclude 
that the risk of an unstable cervical spine 
injury is very low in combat casualties.33  
Only one study has looked specifically at 
the frequency of cervical spine instability 
in penetrating trauma, and it concluded 
that "spinal stability following a gunshot 
wound is not guaranteed, especially in the 
cervical spine, and each case should be 
assessed individually for the presence of 
instability"(see earlier discussion).58 No 
study in the current literature, however, 
contains a side-by-side comparison of 
overall morbidity and mortality associated 
with management of penetrating neck with 
immobilization vs. no immobilization. For 
many reasons it is quite unlikely that such 
a study will ever be done. Only recently 
have multicenter trials begun to compare 
different approaches to the management of 
patients with blunt cervical trauma.67  
 
Isiklar & Lindsey58 retrospectively evalu-
ated patients with low-velocity gunshot 
wounds to the spine who presented to a 
civilian facility. Of 12 cases of gunshot 
wounds involving the cervical spine, 3 
(25%) were described as "unstable." In 
this study, clinical stability of the subaxial 
cervical spine was defined “according to a 

scoring system developed by White & 
Panjabi,” and described as 
 

…a quantitative analysis of the behav-
ior of the spine as a function of the 
systematic destruction of various 
anatomic elements. Under controlled 
conditions designed to maintain the 
biological integrity of the specimens, 
17 motion segments from 8 cervical 
spines were analyzed. The spines were 
studied with either flexion or exten-
sion simulated using physiologic 
loads.”69  

 
In the Isiklar and Lindsey study, 11 (92%) 
patients had neurological deficits, and 8 
(67%) had related vascular injuries. Only 
1 patient (8%) had an unstable cervical 
spine without a neurological deficit.58 In 
order to assess cervical spine instability in 
the manner described by White et al.,68 it 
would have been necessary for Isiklar and 
Lindsey to perform flexion and extension 
of the cervical spine to determine whether 
there was > 3.5 mm of linear intervertebral 
displacement and/or > 11o of angular dis-
placement. There is no evidence in their 
retrospective record review that this is 
how cervical instability was determined; 
in fact, the contribution of bony injury to 
instability was not considered.58  This 
brings into question how cervical spine 
stability was assessed in this study and 
suggests that this study can’t be used to 
estimate the frequency of spine instability 
in penetrating neck trauma.  
 
High-velocity bullets tend to cause "all-or-
none" injuries in the neck. If no vital 
structures are hit, they may pass through 
the neck causing little damage, but if the 
spine is struck (excluding the tip of a 
spinous or transverse process), the damage 
tends to be catastrophic, with immediate 
quadraparesis and, often, death.  
This “all-or-none” phenomenon tends also 
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to be true for high velocity gunshot 
wounds to the head. Where low-velocity 
handgun bullets may penetrate the skull to 
cause neurological damage, but not death, 
such an event rarely occurs in casualties 
sustaining high-velocity gunshot wounds 
to the head.  
 
Apfelbaum et al.44 make the observation 
that lower velocity, smaller caliber hand-
guns are associated with a different injury 
pattern58, 63, 70 than previously seen in mili-
tary studies,33 including an increased fre-
quency of fracture without neurological 
impairment and increased associated vas-
cular injury. They postulate that one rea-
son for the increased incidence of cervical 
spine instability with low-velocity gunshot 
wounds may be, "…the decreased amount 
of surrounding soft tissue [in the neck], 
compared to the thoracic or lumbar spine, 
such that an increased amount of the bul-
let's kinetic energy is conveyed to the spi-
nal column with increased skeletal inju-
ries."58  
 
Although this mechanism may partially 
account for the higher incidence of cervi-
cal, as compared to thoracic or lumbar, 
spine instability, another explanation is 
more likely. Most studies assessing spine 
instability have been done on admitted 
patients and do not assess spine instability 
in nonsurvivors. Such studies therefore 
fail to identify the most likely explanation 
for the low incidence of spine instability 
among survivors of such wounds, i.e., that 
most patients with gunshot wounds who 
have a spine injury severe enough to pro-
duce instability also sustained injury to 
critical structures that lead to rapid death 
(Since a high velocity bullet is more likely 
than a low velocity bullet to kill it’s vic-
tim, a patient with a low velocity bullet 
wound is more likely to survive with an 
unstable spine injury; thus since only sur-
vivors tend to be assessed for the presence 

of spine instability those with low velocity 
GSW appear to have a higher incidence of 
unstable fractures).  
 
It is clear, therefore, that the mechanisms 
causing civilian head and neck trauma, 
even when comparing blunt with blunt and 
penetrating with penetrating injury, are 
different in ways that should impact on 
management decisions because each has a 
different likelihood of causing an unstable 
spine injury in a surviving casualty. It is 
also clear that, in a combat setting, where 
there is often a persisting risk of death and 
injury both to the casualty and to anyone 
attempting to rescue and treat the casualty, 
the risk-benefit ratio of any procedure(s) 
that might be done is also affected. In the 
WDMET database one of every ten casu-
alties was wounded or killed while at-
tempting to render aid to another casualty. 
33 

Selection Bias 

The true incidence of instability in blunt 
and penetrating spinal trauma is difficult 
to ascertain because of selection bias. The 
great majority of studies that address the 
question of spine stability have been per-
formed by neurosurgeons. Patients treated 
by neurosurgeons, however, have a higher 
incidence of instability because, in many 
cases, concerns about instability led to 
their being referred to a neurosurgeon in 
the first place.  

 
Frequency of Spinal Cord Injury and 

Instability in Penetrating Trauma 

Barkana et al.30 note that in a study done 
by Hammoud et al.71 of spinal cord inju-
ries during the Lebanese civil war, none of 
the 24 injuries reported had spine instabil-
ity. They go on to say that spine instability 
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occurs very rarely in spine injuries from 
fragments and bullets because the bone 
architecture is only a little disturbed. De-
spite a statement by Yoshida et al. in their 
article on gunshot wounds to the spine 
that, "With few exceptions [gunshot 
wounds to the spine] result in a spinal 
cord injury,"72 in fact, this is not the case. 
More importantly, among those who sur-
vive the initial injury (which is the only 
population of medical concern) the per-
centage of patients with gunshot wounds 
to the neck who also have an injury to the 
spine is in the 5 to 20% range.30, 33, 47, 73-75 
Although there may be a higher incidence 
of associated spinal cord injury in pene-
trating spinal trauma as compared to blunt, 
the fact remains that overall spinal cord 
injury is uncommon in this group, espe-
cially if only those who survive the initial 
injury are considered. 
 
The writings of Sir Zachary Cope, based 
on his and others’ experiences during 
World War II, seem to agree with Barkana 
et al.30   that damage to the spinal cord by 
high-velocity missiles is generally caused 
by direct trauma, not by spine instability 
that later produces spinal cord damage. 
Cope noted that: 
 

…the stability of the spine was not 
much endangered by a shell frag-
ment…small pieces of metal moving at 
high velocity were the usual wounding 
agents [during World War II]. These 
did damage by penetration or by trav-
ersing the body but they did not very 
often shatter the spine…[not] all of 
these wounds appeared to result in to-
tal and lasting paraplegia. Recovery 
seemed possible in about 25-30 per-
cent of cases.76(p381)  

 
Although concern for patients is the pri-
mary factor that has shaped current civil-
ian EMS, guidelines regarding the prehos-

pital management of patients with head 
and neck injuries, fear of litigation, and 
dogmatic adherence to practices that lack 
scientific evidence of efficacy have also 
played a role. These issues will be dis-
cussed in detail below in the section on 
spine immobilization.  

Diagnosis 

Although medical personnel at or near the 
point of wounding have, for many reasons, 
a limited ability to make specific diagnosis 
in patients with head and neck trauma, a 
degree of diagnostic certainty can often be 
achieved. Despite the challenges, it is im-
portant to be as diagnostically precise as 
possible in the forward areas for the fol-
lowing reasons: 
 

1. Diagnostic accuracy can considera-
bly improve patient management at 
or near the point of wounding. If it 
is reasonably clear what the patient's 
diagnosis is, or perhaps more impor-
tantly, what it is not, then treatment 
can be focused on those who will 
benefit most from it. In forward ar-
eas, a focus on diagnostic accuracy 
also allows the most efficient use of 
limited staffing and equipment re-
sources.  

 
2. An accurate diagnosis is essential to 

making proper evacuation decisions. 
Combat casualties with unmistak-
able neurological injury or an unsta-
ble spine should be evacuated to the 
care of a neurosurgeon once they are 
clinically stable and as soon as lo-
gistically possible. Early access to a 
neurosurgeon has been associated 
with improved outcomes for patients 
with serious head and spine inju-
ries.77(p.177) 

 
Clues to a patient's diagnosis can be ob-
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tained by ascertaining an accurate mecha-
nism of injury. This can often be accom-
plished by simply asking the patient what 
happened. Patients who are conscious and 
able to speak can often describe the exact 
mechanism of injury and can frequently 
describe their symptoms in terms that al-
low for an accurate diagnosis. The chal-
lenge is to be able to accurately interpret 
what the patient has said and to use that 
information to make the proper diagnosis.  
 
A rapid physical examination can also 
provide critical clues. Most importantly, 
care providers at or near the point of 
wounding must maintain a high index of 
suspicion for serious head and neck 
trauma, because the effect of a missed di-
agnosis can be catastrophic. The focus of 
the following discussion will be on the 
diagnosis of spine injury and unstable 
spine injury. Head injury diagnosis and 
management is discussed later. Although 
it is not possible, at or near the point of 
wounding, to diagnose spine instability 
with certainty (indeed this is difficult to do 
even in a fully equipped hospital) it is pos-
sible, primarily by knowing the mecha-
nism of injury, to roughly determine the 
probability of spine instability. 

Clearing the Cervical Spine at or near 
the Point of Wounding 

A major current area of discussion and 
controversy in civilian emergency medical 
services is the "clearing" of patients with 
potential cervical spine injuries prior to 
transport, allowing prehospital personnel 
to exercise judgment as to which patients 
with possible spine injury actually need to 
be immobilized. This civilian controversy 
is primarily fueled by  

(1) The costs associated with placing a 
high percentage of trauma victims 
into cervical spine immobilization 

(estimated at $75 million annually 
within the United States)36 and  

(2) The risks associated with cervical 
spine immobilization. This issue of 
cervical spine immobilization will 
be discussed later when the treat-
ment of patients with known and po-
tential spine injuries is discussed.  

How capable are prehospital care provid-
ers at accurately sorting determining 
which patients do and do not have spine 
injury, particularly unstable spine injury? 
As Hoffman et al. point out, an assessment 
for spine injury could be almost 100% 
sensitive if every casualty with even a re-
mote possibility of spine injury were pre-
sumed to have such an injury.78 Unfortu-
nately, such an approach in a military set-
ting would cause substantial over-
evacuation, would create a significant 
burden on care providers, and would ex-
pose a large population of casualties with-
out spine injury to the risks of spine im-
mobilization (discussed below).  
 

For these reasons, it is essential that a rea-
sonable degree of specificity be obtained. 
So, what evidence is there that prehospital 
care providers can accurately identify 
those with spine injuries? More impor-
tantly, how able are they to identify those 
who may suffer adverse consequences if 
there were an error in diagnosis, i.e. pa-
tients whose spines are unstable and those 
who must be treated by a neurosurgeon? 
There are certainly some spine injuries 
(some spinous and transverse process frac-
tures, and some compression fractures for 
example) that, if missed, will result in no 
adverse consequences to the patient.  
 
As part of the large multicenter National 
Emergency X-Radiography Utilization 
Study (NEXUS), prospective data were 
collected on cervical spine injuries.78 One 
part of this study involved prospective 

 
 14 



Immediate Care of the Wounded  Disability 
Clifford C. Cloonan, MD 
 
 
 
 
assessment of the efficacy and safety of 
selecting patients with a very low prob-
ability of cervical spine injury for treat-
ment not involving spine immobilization 
or radiography. The instrument used to 
make this determination is the NEXUS 
cervical spine criteria; i.e., patients with 
none of the following criteria were 
deemed to be safely not immobilized or 
radiographed: 
 

• A focal neurological deficit 
 
• Any evidence of intoxication 
 
• Any tenderness at the posterior mid-

line of the cervical spine 
 
• Any painful injury that might dis-

tract the patient from the pain of a 
cervical spine injury 

 
• Any alteration of consciousness 

from any cause 
 
(The first four criteria demonstrated high 
inter-rater reliability in a study of blunt 
trauma patients assessed for cervical spine 
injury that was published in the same 
year.)80 The Canadian C-Spine Rule, de-
veloped for the same purpose, uses the 
following criteria to decide which trauma 
victims need cervical spine radiography.81, 

82 By these guidelines, no cervical spine 
radiographs are indicated in alert and sta-
ble trauma victims if: 
 

(1) There is no high-risk factor, includ-
ing  

a. Age >64 
b. Dangerous mechanism (fall > 

3 feet, axial load to head [e.g., 
diving], motor-vehicle crash 
at > 100 km/hour and/or in-
volving rollover and/or ejec-
tion from vehicle, motorized 
recreational vehicle crash, or 

bicycle crash), or  
c. Paresthesias in extremities 

 
(2) And if there are indications of low 

risk such as  
a. Simple rear-end motor-

vehicle crash 
b. Patient in sitting position in 

emergency department 
c. Patient ambulatory at any 

time 
d. Delayed onset of neck pain, 

and  
e. Absence of midline cervical 

tenderness 
 

(3) Patient is able to actively rotate neck 
45 degrees to right and left. 

 
Both the NEXUS and Canadian C-Spine 
Rule studies only assessed the efficacy 
and safety of their decision instrument 
when applied by physicians. Some authors 
have studied whether emergency medical 
services providers could apply an identical 
or similar instrument to make decisions 
about spine immobilization at or near the 
point of injury.  
 
Brown et al. conducted a study comparing 
the application of the NEXUS instrument 
by EMS providers and emergency de-
partment physicians. The emergency phy-
sicians and the EMS providers were 
blinded to each others’ assessments. There 
was 78.7% agreement. In only 7.7% of 
cases, the emergency physician indicated 
that the patient should be immobilized 
when the EMS assessment did not. In gen-
eral the EMS provider's assessments were 
more conservative than those of the emer-
gency physician's.83 Unfortunately, this 
study does not provide any evidence as to 
the safety and efficacy of having EMS 
providers use the NEXUS guidelines to 
avoid immobilization.  
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Stroh et al. conducted a retrospective as-
sessment of a prehospital protocol for out-
of-hospital spine clearance that was used 
on 42,000 patients in Fresno County, Cali-
fornia.84 The charts of all patients (N=861) 
discharged from five Fresno County 
trauma centers with the diagnosis of “sig-
nificant” cervical injury were examined. 
EMS personnel brought in 504 patients, of 
whom 495 (98.2%) had cervical spine 
immobilization in place. Of the remaining 
9 patients, 2 refused immobilization and 2 
could not be immobilized; 3 cervical spine 
injuries were missed by the protocol crite-
ria and 2 were missed because of protocol 
violations. Of the 5 patients with injuries 
who were not immobilized, 1 had an ad-
verse outcome and two had injuries that 
were considered unstable. The three pa-
tients missed by the protocol were at ex-
tremes of age: 9 months, and 68 and 83 
years. Further, the two missed patients 
who were considered protocol violations 
were elderly (73 and 76 years of age), 
which suggests that cervical spine injury 
in infants and the elderly may be more 
difficult to ascertain in the prehospital set-
ting (note that this is not an issue in mili-
tary combatants).  
 
Hoffman et al. in their review of the Stroh 
study,78 offer the following words of cau-
tion about this study: 
 
(1) For a variety of reasons, the actual 

sensitivity of the EMS practice in 
Fresno for immobilizing patients with 
cervical spine injury may well be 
much lower than reported and 

 
(2) Chart reviews are subject to substan-

tial biases and errors, even when done 
rigorously.85  

 
One of the most important questions 
raised by Hoffman et al. is, “Did the use 
of the prehospital spine injury clearance 

protocol really lead to meaningful selec-
tive immobilization?” As noted above, 
immobilizing everyone would produce a 
sensitivity of 100%. Unfortunately, there 
is no way to calculate the specificity of the 
Fresno approach or to know whether, or to 
what degree, EMS personnel in the Fresno 
study were able to reduce unnecessary 
immobilization among patients with blunt 
trauma.78 This is certainly the important 
issue because one of the primary objec-
tives of any prehospital cervical spine in-
jury clearance protocol must be to safely 
minimize the number of unnecessary im-
mobilization procedures.  
 
Finally, although the complexities of the 
issues raised and the resources that would 
be necessary to prospectively determine 
which patients require immobilization 
make it unlikely that a definitive answer 
will ever be found, the following points 
(elucidated by Hoffman et al.) should be 
kept in mind:78  
 

(1) Any out-of-hospital protocol should 
emphasize safety (sensitivity) over 
efficiency (specificity). The cumula-
tive small benefits associated with 
avoiding spine immobilization in 
many patients without injury must 
be balanced against the rare but ex-
tremely important harm associated 
with failing to immobilize injured 
patients. [It should be noted how-
ever that the "cumulative small 
benefits" have never been well 
quantified (see following discussion 
about the risks of cervical spine im-
mobilization) so it is not possible to 
know the true extent of benefit that 
might be derived from a selective 
immobilization protocol.]  

 
(2) Decision instruments proven to be 

effective in the hands of emergency 
physicians should not be assumed to 
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work equally well when applied by 
others (eg, paramedics or nurses), 
especially in a very different (out-
of-hospital) environment [certainly 
a true statement that applies to all 
procedures].  

 
(3) Any out-of-hospital cervical spine 

clearance protocol that is created 
should incorporate those elements 
with the best face validity (Is there 
neck pain? Did the mechanism in-
volve forces that could possibly hurt 
the spine?), as well as elements 
from any protocols that have been 
proven to be useful in the ED. The 
number of patients immobilized by 
EMS should probably end up 
somewhat higher than the number 
radiographed in the ED.78 

 

Probability of Spine Injury in  
Patients with other Injuries above the 

Clavicle 

The American College of Surgeon's Ad-
vanced Trauma Life Support (ATLS) 
course states that, "Any injury above the 
clavicle should prompt a search for a cer-
vical spine injury.” According to ATLS 
approximately 15% of patients sustaining 
such an injury will have an actual c-spine 
injury and approximately 5% of head-
injured patients have an associated spine 
injury. 42 (p217)  
 
Others also consider the presence of head 
or facial injuries to be an indication for 
cervical spine radiography.86, 87 The rate of 
cervical spine injury in facial trauma se-
ries varies from 0% to 4%.88 Bayless et al. 
reviewed 1382 cases of mandibular frac-
tures and found cervical spine injuries to 
be rare.89 They concluded that history and 
physical examination, without radio-

graphic studies, are sufficient to evaluate 
the alert, cooperative patient with blunt, 
low-velocity mandibular trauma and no 
other complicating features.   
 
Other reports36, 90, 91 have confirmed the 
low incidence (1.04% and 1.8%) of cervi-
cal spine injuries in patients with facial 
trauma. Williams et al. reviewed the re-
cords of 5,021 trauma patients and found 
that there was no higher incidence of cer-
vical spine injury in head- injured patients, 
in patients with facial trauma, or in pa-
tients with clavicular fracture than in those 
without.92 If the Glasgow Coma Scale 
(GCS) was used to stratify head-injured 
patients, a higher incidence of cervical 
spine injury was noted in patients with a 
GCS < 14 than in those with a GCS > 14.   
 
Hills and Deane reviewed a series of 8,285 
blunt trauma victims and found that facial 
injuries were not associated with cervical 
spine injuries;93 however, they found a 
much greater risk of cervical spine injury 
in victims with “clinically significant” 
head injury. In another study by Bayless et 
al., of 228 cases of blunt head trauma, 
only 3 were found to have cervical spine 
injuries for an incidence of 1.7(3)% [Note 
that 3/228 = 1.3% while 4/228 = 1.7% but 
original article states incidence is 1.7%].89 
However, when only those patients with 
serious head injury (more than a mild con-
cussion) were considered, the frequency of 
cervical spine injury in this study rose to 
5%. It is not surprising that in patients 
with evidence of serious head trauma, 
there is a significantly higher incidence of 
cervical spine injury.  
 
A recent study by Patton et al. has some 
relevance to the care of combat casualties. 
In this study 102 individuals sustaining a 
blunt assault to the head and neck region 
were evaluated, but no clinically signifi-
cant cervical spine injuries were detected 
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(there was one patient with a spinous 
process fracture who had been hit in the 
back of the neck with a pipe – not clini-
cally significant).94  
 
Also of military relevance are three retro-
spective studies that concluded that pa-
tients with gunshot wounds limited to the 
head do not have cervical spine injuries 
and do not require immobilization.95-97 
Despite there being little evidence to sup-
port cervical spine immobilization for vic-
tims of blunt trauma solely on the basis of 
injury above the clavicle, the majority of 
studies still conclude that, "Immobiliza-
tion of the patient with an injury above the 
clavicle is prudent until a physician is able 
to evaluate the patient fully for possible 
cervical spine injury and determine the 
need for radiographs."36  
 
This recommendation is, no doubt, based 
upon an assumption that the overall risk of 
spine immobilization is so low that there 
is no reason not to immobilize every pa-
tient in whom there is any question about 
whether a cervical spine injury is present. 
This may or may not be a reasonable as-
sumption in a civilian setting, but as noted 
later in the discussion about cervical spine 
immobilization, it is probably not a rea-
sonable assumption in a combat setting. 

Clinical Findings in Cervical Spine 
Injury 

Fortunately subtle, occult, or delayed neu-
rological injury is quite rare. In most pa-
tients with spinal cord injury, neurological 
impairment is clinically apparent early in 
the course of evaluation.98, 99   This cer-
tainly seems to be true in the case of pene-
trating neck injury, although delayed neu-
rological damage has been described.44, 52, 

99  
 
Prehospital evaluation of penetrating neck 

trauma should include consideration of the 
mechanism of injury, wound location, and 
the presence of suspected entry and exit 
wounds. Although it has been suggested 
by some that the reliability of the prehos-
pital clinical evaluation for the potential of 
spine injury is not affected by the mecha-
nism of injury (Domeier et al.),101 there is 
no question that, in fact, the probability of 
spine injury is affected by the mechanism 
of injury and the amount of potential en-
ergy transfer. There are differences in 
probability of spine injury between pene-
trating and blunt trauma. It is also certain 
that a victim of a high-speed motor vehi-
cle accident or a fall from a significant 
height is much more likely to have a spine 
injury than someone who has tripped and 
fallen.  
 
Undoubtedly the results of the civilian 
Domeier study were influenced by the 
inclusion of elderly patients who tend to 
have degenerative bone disease and a 
higher probability of malignant lesions 
that would predispose them to injury from 
even minimal forces. This is not an issue 
for active duty soldiers, for whom a sub-
stantial amount of force is required to 
cause an injury to the spine. 
 
In terms of causing spine injury, penetrat-
ing wounds caused by knives and bayo-
nets are different from those caused by 
projectiles, and wounds caused by high-
velocity bullets are different from those 
caused by handgun bullets and frag-
ments.100 Although the true path of a pene-
trating wound, even when there is an en-
trance and an exit, cannot be determined 
by examination of the external wound(s) 
none of these wounds should ever be 
probed.  
 
Knowledge of the size and type of blade 
and the angle of entry (if it can be deter-
mined) is useful in estimating what struc-
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tures might have been damaged by a stab 
wound. The position of the casualty and 
the trajectory of the wounding projectile 
can also be used for the same purpose.99 In 
most instances, stab wounds to the neck 
cause fewer severe injuries than do projec-
tiles. In a review of 218 patients with 
penetrating neck injuries undergoing man-
datory surgical exploration, stab wounds 
had a 10% higher rate of negative explora-
tion than injuries from projectiles.102 The 
bottom line, however, is that a physical 
examination of the patient and a good de-
scription of symptoms from the patient are 
most important in making a diagnosis of 
spine, and particularly neurological, in-
jury.  
 
Priaprism, or penile erection due to reten-
tion of blood, is a diagnostic finding in 
spinal cord injury, especially cervical 
spine injury. The following guidelines are 
given for patient assessment in the field in 
the 2004 edition of Intermediate Emer-
gency Care: Principles & Practice:  
 

Examine the male organ for pri-
aprism, a painful, prolonged erection 
usually caused by spinal cord injury 
or blood disturbances. Suspect a ma-
jor spinal cord injury in any patient 
with a priaprism.103(p.524) 

 
Despite considerable effort no studies 
where found that addressed the incidence 
of priapism in spinal cord injured patients 
or that associated specific types of spine 
injury with the development of priapism. 
Although there is a paucity of data numer-
ous texts and training manuals make refer-
ence to the need to check for the presence 
of priapism as a marker for spinal cord 
injury so it seems reasonable to make the 
same recommendation here as well. The 

sensitivity and specificity of priapism as a 
marker for spinal cord injury is unknown.  
 
Patients may have either complete or par-
tial spinal cord injury. A complete spinal 
cord injury is defined as total loss of sen-
sory or motor function below a certain 
level. If any motor or sensory function 
remains (e.g., sacral sparing), it is consid-
ered an incomplete injury. The prognosis 
for recovery from an incomplete injury is 
significantly better than from a complete 
spinal cord injury. It is particularly impor-
tant that patients with incomplete injury be 
handled with care to prevent worsening of 
their condition and that they be quickly 
transferred to the care of neurosurgeon.  
 
Signs of sacral sparing include the pres-
ence of perianal sensation, rectal sphincter 
tone, and any ability to move the toes104 
The sensory level of the cord injury is de-
fined by the most caudal segment of the 
spinal cord with normal sensory function 
on both sides of the body. The motor level 
is defined as the lowest key muscle inner-
vation that maintains a 3/5 (able to move 
against gravity) muscle grade.  
 
Assessing deep tendon reflexes is also 
helpful in assessing for the presence of a 
spinal cord injury and this can certainly be 
done near the point of wounding. In the 
acute setting, muscle paralysis with intact 
deep tendon reflexes typically indicates a 
spinal cord (upper motor neuron) lesion, 
whereas paralysis with absent deep tendon 
reflexes suggests a nerve root or cauda 
equina (lower motor neuron) lesion. Be-
cause lower motor neuron lesions are of-
ten surgically correctable, this distinction 
is important. The deep tendon reflexes that 
are important to assess are as follows: 
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Location of Loss of Deep Tendon Reflexes Indicated Location of Lesion 
Biceps At or above C6 
Triceps with intact reflexes at biceps C7 
Patellar and Achilles tendon with intact upper extrem-
ity reflexes 

T1 – L4 

Achilles tendon only L3 – S1 
 
 
 
Penetrating injury can cause isolated 
lower motor neuron injury either at the 
nerve root or more distal. Such an injury 
produces a loss of motor function and sen-
sation over a specific dermatomal area that 
corresponds with the level of the involved 
nerve root. Although nerve root damage 
from penetrating injury can involve more 
than one level, it can be differentiated 
from spinal cord injury by the fact that 
motor function and sensation below the 
level of injury are preserved. This condi-
tion may be confused with Brown-
Séquard’s syndrome of spinal cord injury 
(see below), which also involves unilateral 
sensory and motor function loss, but it 
only involves one or two levels of derma-
tomes and does not have a contralateral 
loss of position and vibratory sensation. 
 
Spinal shock (not to be confused with neu-
rogenic shock) is characterized by flaccid-
ity and loss of reflexes after a spinal cord 
injury. Because spinal shock involves 
complete loss of neurological function, it 
can cause an incomplete spinal cord injury 
to mimic a complete cord injury. Spinal 
shock is a concussive injury to the spinal 
cord that usually lasts less than 24 hours. 
Return of the bulbocavernosus reflex may 
signal the end of spinal cord shock.104 
Neurogenic shock, which has already been 
discussed at length in the chapter on Cir-
culation, refers to the shock state caused 
by loss of vasomotor tone and sympathetic 
innervation of the heart. The loss of vaso-
motor tone leads to vasodilatation with 
pooling of blood that produces hypoten-

sion. Loss of sympathetic innervation of 
the heart, if it is present, results in a lack 
of the normal tachycardia seen in other 
shock states. 
 
Incomplete spinal cord injuries are associ-
ated with specific patterns of neurological 
involvement. Approximately 90% of in-
complete spinal cord injuries are classified 
as one of three distinct clinical syndromes: 
 
(1) Central cord syndrome,  
 
(2) Anterior cord syndrome, and  
 
(3) Brown-Séquard’s syndrome.104  

 
The most common of these syndromes in 
the general population is the central cord 
syndrome.104 Because the central cord syn-
drome usually occurs in older patients 
with degenerative arthritis who have sus-
tained a hyperextension injury, it is not the 
most common injury pattern found in mili-
tary combatants (although it has occurred 
in older military personnel). In the central 
cord syndrome, the ligamentum flavum is 
thought to buckle into the spinal cord, in-
juring the central gray matter and the most 
central portions of the pyramidal and spi-
nothalamic tracts.104 This damage pro-
duces weakness, possibly accompanied by 
a variable degree of sensory loss, that is 
disproportionately greater in the upper 
than in the lower extremities. Central cord 
syndrome can occur with or without cervi-
cal spine fracture or dislocation. 
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The anterior cord syndrome usually results 
from a flexion mechanism that produces a 
spinal cord contusion or is the result of a 
protrusion of bony fragments or a herni-
ated disk into the spinal canal. Injury, 
thrombosis, or laceration of the anterior 
spinal artery can also cause the anterior 
cord syndrome. On physical examination, 
this syndrome is characterized by bilateral 
paralysis and hypalgesia below the level 
of injury, with preservation of the poste-
rior column functions of position and vi-
bration sense. Anterior cord syndrome has 
the poorest prognosis of the incomplete 
injuries. 
 
Brown-Séquard’s syndrome, or hemisec-
tion of the spinal cord, is a rare injury in 
civilian settings. This syndrome usually 
results from penetrating injuries, espe-
cially stab injuries, but it can also occur 
following lateral mass fractures of the cer-
vical spine.104 Brown-Séquard’s syndrome 
consists of ipsilateral loss of motor func-
tion and vibratory and position sense (pos-
terior column) associated with contralat-
eral sensory loss beginning one to two 
levels below the level of injury. As noted 
in the experience of the Russians during 
WWII, "Neurologic violations with the 
puncture and cut wounds were frequently 
expressed in the Brown-Sequard Syn-
drome."35 (p.21) 

 

Spine Injury Treatment 

 
Initial Management 

 
The goal in the management of casualties 
with potential spinal cord injuries at or 
near the point of wounding is to prevent 
new primary cord injury and to minimize 
the effects of delayed secondary injury. 
Delayed secondary cord injury results 
from a cascade of autodestructive forces105  

and is particularly common following 
blunt spine injury. Secondary cord injury 
can occur hours or even days after the ini-
tial injury and is responsible for much of 
the spinal cord damage that follows non-
penetrating injury.  
 
Although prevention and treatment of spi-
nal cord damage is very important, it does 
the casualty no good if he or she dies with 
an intact cord; so the initial management 
of all such casualties must be on securing 
the airway and stopping all controllable 
blood loss. Management of the multiply 
injured trauma patient with potential cer-
vical spine injury should proceed in an 
organized manner, following the ABCDE 
approach to trauma care as recommended 
by the American College of Surgeons' 
Committee on Trauma in the Advanced 
Trauma Life Support (ATLS) course 
[American College of Surgeons, Commit-
tee On Trauma. ATLS - Advanced 
Trauma Life Support Program for Doc-
tors. 7th ed. Chicago, IL: American Col-
lege of Surgeons; 2004]. Airway mainte-
nance with cervical spine protection is the 
first step in the ABCDEs of the primary 
survey.  
 
Concern about cervical spine injury 
should not delay performance of the pri-
mary survey or resuscitation. Such resus-
citation should be initiated as soon as the 
need is identified, with due consideration 
for the possibility of spine injury. This is 
especially important when the mechanism 
of injury is a fall from a height or a motor 
vehicle crash.36  
 

Airway Management 
 

The prehospital care provider must iden-
tify the casualty whose airway is at risk. 
Combat casualties with potential cervical 
spine injury can have many reasons for 
airway compromise. Maxillofacial inju-
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ries, foreign bodies (e.g., teeth); blood and 
secretions; cervical cord lesions; and asso-
ciated head, neck, or chest injuries can all 
place the combat casualty's airway at risk. 
Initial airway management, which is often 
all that is required, should include basic 
maneuvers such as the chin-lift, jaw thrust, 
placement of a nasal or oral airway, and 
suctioning.36 
 
As Chiles and Cooper note in their New 
England Journal of Medicine review of 
acute spinal cord injury, "The most imme-
diate threat to patients with injury of the 
cervical spinal cord is hypoxemia from 
hypoventilation or aspiration of gastric 
contents."106  Suderman et al. note that, 
"…neurologic complications of intubation 
are rare provided that the unstable cervi-
cal spine is immobilized during establish-
ment of the airway.”107 And finally Apfel-
baum et al. state that, "The primary con-
cern in managing [patients with penetrat-
ing neck wounds] has been control of 
bleeding and airway management.”44 
 
Choosing the optimal airway management 
technique is often perceived as a clinical 
dilemma due to the belief that orotracheal 
intubation is hazardous in the presence of 
a cervical spine injury.108 According to 
Rhee et al.109 and Einav,110 the most im-
portant considerations in deciding how to 
provide a definitive airway in a potentially 
cervical spine injured patient are operator 
skill and comfort with the procedure. 
These authors and others107, 111, 112 have 
demonstrated that orotracheal intubation 
with in-line immobilization is a safe and 
effective method for definitive airway 
management. Gerling et al., using a ca-
daver model, showed no significant verte-
bral body movement during orotracheal 
intubation with manual in-line stabiliza-
tion, although they did find that a signifi-
cant amount of distraction occurred during 
orotracheal intubation with cervical collar 

immobilization.113 In addition, the authors 
report no significant difference in verte-
bral body movement when using different 
laryngoscope blades. 
 
ATLS guidelines recommend orotracheal 
intubation with in-line manual cervical 
spine immobilization as the initial defini-
tive airway procedure in the apneic pa-
tient. In the breathing patient who requires 
a definitive airway, the following se-
quence is recommended: 
 

1. Perform nasotracheal or orotra-
cheal intubation 

 
2. Perform orotracheal intubation 

with pharmacologic adjuncts if in-
tubation is both required and im-
possible without such adjuncts 

 
3. Avoid paralytic agents if at all 

possible, because patients who 
are paralyzed must be ventilated 
or they will die 

 
In trauma patients with potential cervical 
spine injuries who require intubation (a 
very rare circumstance in combat casual-
ties), a surgical airway may have to be 
established when intubation cannot be ac-
complished by other means.36 
 
Individuals providing care at or near the 
point of wounding should not delay trans-
port to perform detailed clinical examina-
tions or extensive stabilization. Patient 
evaluation and management should fol-
low, or at least be concurrent with, resus-
citation.  
 
Airway management of patients with 
penetrating neck injuries is risky, even in 
the best of circumstances, and the point of 
wounding is not the best of circumstances. 
Numerous potentially life-threatening 
complications (e.g., severe hemorrhage 
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and inability to intubate secondary to dis-
torted anatomy) can occur when advanced 
airway management is attempted on casu-
alties with penetrating neck wounds. For 
this reason, it is recommended that intuba-
tion, or other advanced airway techniques, 
be attempted only in casualties who are  
 

(1) Anticipated to have a long trans-
port time and have some sign of 
airway obstruction such as stridor 
suggesting severe respiratory 
compromise and  

 
(2) Apneic (note: an apneic and 

pulseless combatant casualty with 
a penetrating neck wound is dead 
and no procedures are indicated).  

 
If evacuation can be done expeditiously, 
advanced airway management should be 
delayed until a more skilled provider with 
better equipment, support, and lighting is 
available. In such circumstances advanced 
airway procedures should be attempted 
only in the case of impending or full respi-
ratory or cardiac arrest.  
 
If indicated, and if the care provider is 
qualified, orotracheal intubation is the pre-
ferred route99 because the airway can be 
visualized directly and there are fewer 
associated complications. It is also the 
technique that most care providers are 
trained and experienced in performing. If 
a casualty with a penetrating neck wound 
must be intubated, it should be done with-
out neuromuscular paralytic agents if at all 
possible.  
 
Cricothyrotomy may need to be performed 
when orotracheal intubation is unsuccess-
ful, or is impossible114-116 but it must be 
considered the final airway option in pa-
tients with penetrating neck trauma be-
cause of the risk of life-threatening hemor-
rhage. 

Controversy exists about the performance 
of cricothyrotomy by prehospital person-
nel.115, 117, 118 Mortality rates are high when 
prehospital cricothyotomy is performed on 
patients with penetrating neck trauma, but 
it is unclear whether this is a function of 
the experience (or lack thereof) of the 
provider or the degree of injury sustained 
by these patients If a surgical airway must 
be established, perhaps a safer technique 
would be percutaneous needle crico-
thyotomy, which requires little to no inci-
sion, and thus may reduce the risk of life-
threatening hemorrhage.119   
 
No studies address the safety and efficacy 
of this procedure when performed on 
casualties with penetrating neck wounds. 
Cricothyrotomy, with or without a needle, 
is risky and difficult, particularly when an 
anterior neck hematoma is present (pre-
senting a high risk of catastrophic hemor-
rhage). Even bag-valve-mask ventilation 
(BVM) may be hazardous when used on 
patients with penetrating neck trauma. If 
there is injury to the airway, the positive 
pressure generated by BVM ventilation 
may cause dissection of air into the sur-
rounding tissues, resulting in death from 
airway or vascular complications. BVM 
ventilation should be regarded as a tempo-
rizing measure until a more definitive air-
way is achieved.99  
 
 

Immobilization 
 

In civilian settings, ambulances generally 
carry the needed immobilization materials 
to the patient, but in combat, immobiliza-
tion materials are carried to the patient on 
the back of the care provider. In the com-
bat setting, therefore, a backboard is out of 
the question; no combat medic would, or 
should, carry a backboard into a combat 
environment, although a field-expedient 
backboard, such as a door, is a reasonable 
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option if available and clinically indicated. 
Even a stretcher may be unavailable at or 
near the point of wounding. Usually, the 
only question for the combat medic is 
whether or not to carry a cervical collar. 
An evaluation of the efficacy of using a 
cervical collar alone to stabilize cervical 
spine injuries has yet to be done. If a pa-
tient cannot be secured to a backboard (or 
at least a litter), it is unclear if there is any 
added value from applying a cervical col-
lar. 
 

 
Spine Boards From United States Naval Hospital 

Corpsman 3 & 2 Training Manual 
NAVEDTRA 10669-C June 1989 

 
The issue of spine immobilization at or 
near the point of wounding is somewhat 
contentious. That a small subset of casual-
ties with blunt or penetrating neck trauma 
could benefit from spine immobilization at 
or near the point of wounding is indisput-
able. The issue is whether or not the civil-
ian EMS model of immobilization for all 
patients with a possible spine injury ap-
plies in combat. At or near the point of 
wounding, immobilization is often im-
practical, if not impossible, and the poten-

tial benefits do not necessarily outweigh 
the risks/costs.  
 
 

The Literature Supporting  
Immobilization 

 
As noted by Hoffman et al.,78 no attempt 
will ever be made to prove the efficacy 
and safety of prehospital spine immobili-
zation with a randomized controlled trial 
because it is, "unimaginable that emer-
gency physicians would allow patients 
with known cervical spine injury to remain 
unrestrained." Ethics certainly preclude 
"allowing patients with [cervical spine 
injury] to bump around unprotected on an 
ambulance just to prove that it is or is not 
really dangerous,"78 but a study that 
would help determine whether the benefit 
of immobilizing all patients with potential 
spine injury outweigh the risks would be 
extremely useful. The underlying assump-
tion is that the risk to patients from spine 
immobilization is so small that it would be 
unethical to conduct such a study. When 
applied to a combat scenario, however this 
assumption may not be correct, and only a 
study that assesses not just neurological 
outcomes but also overall morbidity and 
mortality from all causes will be able to 
answer this question. 
 
The studies and other articles currently 
available on this topic are more anecdotal 
than rigorous, and when scrutinized care-
fully do not make the case with any degree 
of certainty. Routine immobilization of all 
patients with possible cervical spine injury 
is based on literature that warns of spinal 
cord injuries being sustained during the 
prehospital phase of care. Rogers, in his 
sentinel 1957 retrospective review of 77 
patients with blunt cervical spine injuries, 
stated that, “It is a sad commentary that in 
one in every ten patients symptoms of cord 
compression or an increase of cord symp-
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toms developed subsequent to the time of 
original injury - during emergency care, 
during the time when the diagnosis was 
being established, during definitive treat-
ment, or following reduction.”120  
 
This comment is often quoted as the rea-
son for the prehospital cervical spine im-
mobilization practice that has become the 
standard of care. In fact, this article has 
served as a major reason for the universal 
practice of spine immobilization with rigid 
cervical collar, sandbags or taped block, 
and a long spine board.120 It is interesting 
to note, however, that in Rogers’ review, 
in all cases in which spinal cord damage 
occurred during treatment, the cord injury 
occurred either during surgical stabiliza-
tion or following it, not as the result of 
prehospital care. Rogers describes not a 
single case in which spinal cord injury 
occurred during transport from an accident 
site or during treatment in an emergency 
department, yet his article is often cited as 
evidence of the risk of causing cervical 
spine cord injury during prehospital 
movement.120  
 
Other articles, including those by Podol-
sky et al.,121  Cloward & Netter,122  and 
Geisler et al.123 attribute delayed spinal 
cord injuries to improper prehospital han-
dling, but fail to provide supporting data 
in their published reports. A 1977 review 
and epidemiologic study by Riggins & 
Kraus,50 reported a 39% incidence of neu-
rologic deficit for all cervical spine inju-
ries, but they did not attribute these inju-
ries to "improper handling during trans-
port." None of this should be interpreted 
to suggest that spinal cord injury cannot 
occur, or even has not occurred, as the 
result of improper handling; it most cer-
tainly can and has. It is clear, however, 
that no evidence supports the assertion 
that this is, or ever was, a common occur-
rence. 

Further complicating the debate is the role 
patients themselves play in minimizing 
their injury. In the same way that trauma 
patients instinctively hug their ribcage and 
breathe more shallowly to minimize inter-
nal injuries, or hold an injured arm close 
to the body for splinting, patients with 
spine injury may often be capable of pro-
tecting themselves from spinal cord dam-
age.124  
 
In a retrospective study by Hauswald et 
al., patients cared for in New Mexico, 
where prehospital cervical spine immobi-
lization is standard practice, were com-
pared with patients cared for in Kuala 
Lumpur, where prehospital cervical spine 
immobilization is not the standard. Types 
of injuries and patient ages were similar in 
both groups. Despite near universal spine 
immobilization in the United States, the 
odds ratio for disability was actually 
higher, after all independent variables 
were corrected for, for U.S. patients than 
for Malaysian patients (OR 2.03), corre-
sponding “to a <2% chance that immobi-
lization has any beneficial effect.”124 Al-
though it is unlikely that immobilization 
actually causes spinal cord injury, this 
study at least serves to raise questions 
about our current practice. 
 
The current practice of near universal 
spine immobilization for all trauma vic-
tims with suspected spine injury has 
evolved despite a lack of systematic 
analysis of the risks associated with im-
mobilization or lack thereof. In civilian 
practice, the potentially disastrous conse-
quences associated with failing to properly 
immobilize patients who have unstable 
spine injuries are viewed as far outweigh-
ing any other consideration. At the point 
of wounding in combat, however, immo-
bilization has inherent risks that are not 
typically seen in civilian EMS. 
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Risks Associated with Immobilization 

at, or near, the Point of Wounding 
 

 
 

From FM 21-10 
As mentioned above, the realities of com-
bat often preclude immobilization of casu-
alties. Even when immobilization is possi-
ble under these circumstances, it may not 
be recommended. Immobilized combat 
casualties are often left unattended during 
evacuation or when attendants must turn 
their attention to protecting themselves 
and their patients from enemy fire. This 
places such casualties at risk for aspiration 
or impaired ventilation. Cervical spine 
immobilization may also conceal life-
threatening injuries such as an expanding 
hematoma or blood loss.30  
 
Aspiration is a risk in immobilized pa-
tients, particularly in those with some de-
gree of altered mental status who are re-
strained in a supine position. Relatively 
recent studies reiterate the risks of aspira-
tion,125 and the need to have suctioning 
equipment on hand..55 (p.364) If vomiting 
does occur, patients should immediately 
be placed on their sides, maintaining spine 
alignment, while suctioning is performed. 
In the case of immobilized patients who 
are intoxicated, Kirk & Pace126 suggest 
that the backboard not be attached to the 
gurney so the patient can be turned on the 
board to aid in airway clearance. In short, 
immobilized patients must be constantly 
observed by a provider with the necessary 
skills and equipment needed to keep the 
airway clear. Unfortunately, in a combat 
setting, this is rarely possible so aspiration 

is a very real risk. Even in civilian set-
tings, aspiration occasionally occurs as the 
result of immobilization.  
 
Immobilization on a backboard has also 
been associated with impaired ventila-
tion.127 It has been clearly demonstrated 
that standard and appropriately applied 
spine immobilization devices can signifi-
cantly reduce pulmonary function and res-
piratory capacity, even in healthy indi-
viduals.128, 129 The supine position itself 
has been noted to have a detrimental effect 
on pulmonary function.130, 131 Bauer & 
Kowalski note that, "…closer observation 
of patient ventilatory function while af-
fixed to these devices is indicated. The 
common practice of leaving patients 
strapped to these [spine] boards while in 
the emergency center could hamper respi-
ratory function."128  
 
Unfortunately, at or near the point of 
wounding and throughout evacuation to 
definitive care, it is often not possible to 
keep immobilized casualties under close 
enough surveillance to ascertain whether 
their respiratory function is impaired. Fur-
thermore, combat casualties often have 
multiple injuries, so it is not uncommon 
for an individual to have both a potential 
cervical spine injury and a lung injury 
with compromised ventilation. In cases of 
isolated cervical spine injury ventilation 
will be impaired if there is cord injury 
above C5.  
 
Another way in which immobilization on 
a long backboard can cause harm is by 
creating pressure sores. This is not an in-
significant problem, particularly for pa-
tients who have sensory loss as a result of 
spinal cord injury. Pressure sores not only 
add to the burden of injury, but are com-
plex wounds that heal slowly.132 Cordell et 
al.133 note that several studies have associ-
ated use of the spine backboard with both 
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patient discomfort and the development of 
pressure ulcers.134-137 Casualties immobi-
lized and evacuated in combat could spend 
a considerable amount of time on a back-
board, thus increasing their risk of pres-
sure sores if they have spinal cord injury. 
Even as few as 2 hours spent on a spine 
board has been reported to cause pressure 
ulcers.136  
 
Finally, lying on a backboard can be quite 
painful even if the patient has no injuries 
at all133, 134, 137 It is quite possible that the 
pain associated with immobilization may 
become so severe that a patient with a 
spine injury may move around in an effort 
to get comfortable and might thus cause 
neurological damage that might not oth-
erwise have occurred. Cordell et al. sug-
gest that through this mechanism, spine 
boards could actually contribute to "an-
tiimmobilization."133 

 
In sum, the following guidelines should be 
followed at or near the point of wounding: 
 

• Do not immobilize patients who 
don’t need to be immobilized 

 
• Safely remove immobilized patients 

from the backboard as soon as pos-
sible, especially if they have a 
known spinal cord injury 

 
• If possible, lay an air mattress on 

top of the spine board to reduce pain 
and pressure that can lead to pres-
sure sores133 (this may not be feasi-
ble in a combat situation) 

 
• Remove all hard objects, such as 

knives and other weapons, from the 
pockets of immobilized casualties, 
particularly in those who are para-
lyzed. Failure to do so may cause 
severe pressure sores.120 

 

Steroids for Known Spinal Cord  
Injury 

 
Steroids have long been used in hopes of 
limiting the extent of secondary spinal 
cord injury, despite the lack of supporting 
scientific data. The use of steroids in the 
treatment of neurotrauma was based upon 
their theoretical ability to inhibit lipid per-
oxidation, stabilize lysosomal membranes, 
and modify edema production.138 Based 
upon the results of the Second National 
Acute Spinal Cord Injury Study (NASCIS 
2), the current civilian recommendation is 
to treat patients with nonpenetrating spi-
nal cord injury with high-dose methyl-
prednisolone within the first 8 hours of 
injury.139 
 
This protocol was derived from a study 
done by Bracken et al., who found that 
patients treated within 8 hours of injury 
with methylprednisolone, 30 mg/kg intra-
venous bolus given over 15 minutes, fol-
lowed by a 45-minute pause then a 5.4 
mg/kg/hr infusion for 23 hours, showed 
significant neurological improvement at 6 
weeks, 6 months, and 1 year when com-
pared with patients treated with naloxone 
or placebo.139, 140  
 
But even this government recommenda-
tion has been recently challenged.141-143 
Although it may be reasonable to apply 
this recommendation to combat casualties 
with nonpenetrating spinal cord injuries, it 
is unclear whether, in total, such a rec-
ommendation would produce the best pa-
tient outcomes in this patient population, 
in a combat setting; and there is no evi-
dence to support the use of high dose ster-
oids in casualties, civilian or military, who 
have cord damage from penetrating injury.  
 
A high-dose, short course of corticosteroid 
appears to have no documented serious 
side effects but, as noted in a recent re-
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view of the effects of single-dose gluco-
corticoid administration, data are only 
available from small-scale heterogenic 
studies.144 No large-scale studies of stan-
dardized surgical procedures have been 
done that could establish the safety of glu-
cocorticoid administration in situations 
that might have a higher risk of wound 
and infectious complications (e.g. combat 
casualties). 
 

Evacuation 
 

Few patients with penetrating injuries of 
the spine need to be evacuated directly to 
a facility with neurosurgical capabilities 
because experience has borne out that 
most such patients, particularly if the in-
jury involves the cervical spine, have 
other injuries that are more immediately 
life threatening. Neurosurgical care is 
rarely available within a 1-hour evacua-
tion time, so patients needing urgent sur-
gical intervention should be taken to the 
closest facility with resuscitative surgical 
capability. It is only appropriate to evacu-
ate directly to a neurosurgeon when  
 

(1) No associated life- or limb- 
threatening injury is present 
(rarely possible to establish at or 
near the point of wounding given 
the absence of advanced diagnos-
tic capability or prolonged obser-
vation) or  

 
(2) There is a neurosurgeon at the 

nearest resuscitative surgery facil-
ity.  

 
During evacuation, immobilized casualties 
must be attended by a care provider who is 
capable of and properly equipped to main-
tain the airway. If the evacuation is antici-
pated to take longer than 1 hour, espe-
cially if the casualty is paralyzed, the risk 
of pressure ulcers can be reduced by pad-

ding the backboard and by shifting the 
patient's weight periodically by tilting the 
board from side to side.  
 

Care of the Casualty with Head 
Trauma  

Initial Management 
 

As in the management of patients with 
spine injuries, initial management of pa-
tients with both blunt and penetrating head 
trauma should focus on immediate life 
threats, e.g. airway, breathing, and circula-
tion. Absent any obvious exsanguinating 
hemorrhage, the first concern should be 
the airway. 
 
Often casualties with penetrating head 
injuries, and some with blunt head trauma, 
have maxillofacial injuries that involve the 
airway. Even when there is no direct dam-
age to the upper airway, the airway of 
head-injured casualties is at risk. Such 
patients quite frequently have altered men-
tal status and, particularly when in the su-
pine position, they are at risk of airway 
obstruction. Obstruction can occur from 
prolapse of the tongue and/or aspiration of 
vomit, blood and tissue. Wounds to the 
head and face are common causes of air-
way obstruction in combat casualties. In 
both civilian and military combat settings 
head injury is the leading indication for 
intubation in a trauma setting (see Airway 
chapter, above).145, 146  
 
The airway management recommenda-
tions for head and face injured casualties 
such as those provided by Jolly during the 
Spanish Civil War147(p.137) and by Beecher 
and others during WWII148 (p.982) remain 
valid today. Specifically, casualties with 
serious head injuries should be transported 
in the lateral recumbent or prone position 
with the head turned to the side. If it is 
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necessary for any reason, such as cervical 
spine immobilization, to transport such 
casualties in a supine position, an atten-
dant with ready access to suction and 
skilled in airway management must be 
present throughout the transport.  
 
Early and adequate ventilation and oxy-
genation are particularly critical for head-
injured casualties. With gunshot injuries to 
the head, fatal apnea often occurs immedi-
ately after injury as energy is transferred 
from the bullet to the brain. Available evi-
dence suggests that intracranial shock 
waves caused by high-velocity bullets can 
cause brain-stem compression and thus 
interfere with the cardiorespiratory func-
tion of the medulla oblongata.21, 28, 29, 149-151 
It is therefore likely that, even under ideal 
circumstances in which a casualty with 
penetrating brain injury is immediately 
attended to and rapidly evacuated, survival 
is unlikely, even if the initial injury was 
not otherwise lethal.152, 153 The evidence 
from Korean War casualties certainly sug-
gests that this is the case.16 (p.44)

 
It is essential that all controllable hemor-
rhage be controlled. The critical influence 
of cerebral perfusion pressure on outcome 
in brain-injured patients is discussed in 
detail below. A difficult balancing act 
must be carried out when treating multiply 
injured combat casualties with head injury 
and internal bleeding. Although uncon-
trolled internal hemorrhage is increased 
when intravenous fluids are administered, 
which is why aggressive fluid resuscita-
tion is not recommended in most such cir-
cumstances, more aggressive fluid resusci-
tation may be necessary when serious 
head injury is present. As discussed later 
in detail, it is important to maintain cere-
bral perfusion pressure even at the risk of 
increased internal bleeding. Even bleeding 
from scalp wounds should be aggressively 
controlled because blood loss from these 

injuries can be significant over time. Scalp 
injury is present in a significant percent-
age of head-injured casualties.17   
 

Blunt Head Trauma 
 

Although the preceding discussion of the 
epidemiology of head injuries in combat 
casualties focused almost entirely on those 
with injuries involving scalp lacerations or 
intracranial penetration, an increasing per-
centage of combat casualties are sustain-
ing blunt closed-head trauma. It was noted 
during World War II that 
 

"Emphasis, rather naturally was upon 
penetrating head wounds as compared 
with closed head injuries. It soon be-
came evident, however, that in a 
mechanized army, closed injuries and 
the factor of blast could not be casu-
ally dismissed as potential causes of 
cerebral trauma."154(p.91)  

 
This statement is even more relevant to-
day. As the number of penetrating injuries 
has decreased in American troops during 
combat, the frequency of blunt injuries has 
increased. Increased insertion of troops by 
parachute, fast roping, and helicopter or 
other aircraft, and more urban combat all 
contribute to an increased risk of closed 
head injury.  
 
Closed-head injury ranges from minor 
concussion, with transient or no loss of 
consciousness (LOC), to severe intracra-
nial injury, and death. The challenge today 
is for military prehospital care providers to 
rapidly and effectively triage and treat all 
patients within this spectrum. Any blunt 
head injury that produces LOC, no matter 
how minor or brief, produces some degree 
of cerebral pathology (as imaging tech-
nology improves, more of this pathology 
is being identified). The great majority of 
such patients suffer either minor, or no 
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demonstrable, long-term consequences. 
Those with persistent symptoms probably 
have sustained a cerebral contusion from a 
contracoup mechanism.  
 
In patients at both ends of the spectrum of 
severity of injury, evacuation for the pur-
pose of rapid treatment is typically not 
indicated. Evacuation of patients with mi-
nor head injury generally has no effect on 
their outcome, which is almost always 
good.  
 
At the far end of the spectrum of blunt 
brain injury with no associated intracranial 
bleeding is diffuse axonal injury (DAI), 
which may range from mild to severe. 
DAI is present to some degree in many 
patients with severe head trauma, and is 
almost always the result of an injury in 
which rotational acceleration has created 
high shear forces on the brain paren-
chyma. Patients with DAI are generally 
those who were rendered unconscious at 
the moment of sudden injury and in whom 
the pathological changes induced by these 
shear forces are not identifiable as a mass 
lesion on head CT.155  
 
The duration of DAI-associated LOC may 
range from 6 to 24 hours in its mildest 
form (15% associated mortality) to a per-
manent comatose/vegetative state (or 
death) in severe DAI (>25% mortality 
with a poor prognosis in virtually all 
cases).156 Despite, or perhaps because of, 
the poor outcomes associated with DAI, 
patients with DAI typically benefit little 
from early evacuation to a neurosurgeon. 
 
Patients who benefit most from accurate, 
far-forward diagnosis and appropriate 
treatment are those with focal intracranial 
bleeding, especially those with epidural 
bleeding, Epidural bleeding usually occurs 
in association with a temporal bone frac-
ture and is caused by rupture of the middle 

meningeal artery. This can occur even 
when there has been relatively little en-
ergy transfer to the brain. Because epidu-
ral hematomas are caused by arterial 
bleeding, they expand rapidly and cause 
death if not treated quickly. Conversely, if 
quickly diagnosed and treated, such pa-
tients typically do well because the brain  
itself usually sustains no serious damage.  
 
Other forms of intracranial bleeding are 
cerebral, subdural, subarachnoid, in-
tracerebral, and intraventricular bleeding. 
Unlike epidural hematoma, these other 
forms of bleeding usually indicate that the 
brain has been subjected to a high energy 
force. Even with appropriate initial treat-
ment and rapid evacuation to skilled neu-
rosurgical care, patients with such injuries 
often do poorly. In the general civilian 
population, patients with epidural hema-
tomas make up only about 0.5% of all pa-
tients with closed head injury and about 
1% of those presenting in coma.156(p.308) It 
can be calculated that approximately 10% 
of this same group sustain subdural hema-
tomas.156, 157  
 
The much higher percentage of elderly, 
alcoholic, and chronically ill patients in 
the civilian population, as compared to the 
military combatant population, increases 
the relative percentage of patients with 
subdural and other types of intracranial 
bleeding. Thus the probability that a com-
batant with blunt head trauma and intrac-
ranial hemorrhage will develop an epidu-
ral hematoma is higher as compared to the 
general civilian population. For this rea-
son, in a military population, the percent-
age of patients with epidural hematoma 
would be expected to be several times 
higher than that seen in civilian series; but 
still quite rare nonetheless.  
 
It should be clear from the preceding that 
the primary focus of military prehospital 
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personnel caring for combat casualties 
with blunt head trauma must be on  
 

(1) Immediate resuscitation, and then  
 
(2) Early identification and evacuation 

of patients who have neurosurgi-
cally correctable lesions, especially 
those with epidural hematoma. 

 
Prevention 

 
Despite considerable advances in the di-
agnosis and treatment of patients with 
neurological injury, after such injury has 
occurred, there is often little beyond pal-
liative care that can be provided. The cen-
tral nervous system, once damaged, heals 
very slowly, if at all. Therefore, the focus 
of medical efforts in the realm of central 
nervous system injuries must be on pre-
vention. 
 

Kevlar Helmet 

During World War II, a significant num-
ber of deaths resulted from motorcycle 
accidents. A sizeable percentage of these 
deaths were either solely, or in part, 
caused by head trauma. As the result of a 
recommendation to the British Army 
Medical Research Council in 1941 by Sir 
Hugh Cairns, the use of crash helmets by 
British Army motorcyclists was made 
compulsory. A study published in 1943 by 
Cairns & Holbourn documented a dra-
matic decrease in motorcycle fatalities 
following the implementation of this rec-
ommendation.158 A similar aggressive 
head-injury prevention policy needs to be 
followed today in all areas where head 
trauma is reasonably likely. 
 
 
Considerable advances have been made 
since World War II in head-injury preven-
tion, but there is still far to go. The Kevlar 
helmet represents a significant improve-
ment over the steel helmet in preventing 
penetrating injury from fragments and 
other low-velocity projectiles. The former 
can even defeat some high-velocity pro-
jectiles in some circumstances. In general, 
however, high-velocity assault rifle bullets 
will penetrate the standard Kevlar helmet 
and, contrary to popular belief, when 
penetration does occur, the velocity of the 
bullet is only minimally reduced as it 
moves through the helmet. When a bullet 
penetrates a Kevlar helmet, the resultant 
head injury may be as bad, or even worse, 
than if a helmet had not been worn at all 
because the bullet retains most of its en-
ergy as it penetrates but the full metal 
jacket may be deformed. Despite this fact, 
because the primary risk in most battle-
field situations remains fragments helmets 
should always be used on the battlefield. 
 
Overall Kevlar helmets are quite efficient 
at reducing the risk of penetrating injury, 
particularly lower velocity injury, but they 
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are much less effective against blunt in-
jury. Unlike a motorcycle helmet that re-
duces intracranial injury by deforming 
when force is applied, thus dissipating 
energy, the Kevlar helmet is quite rigid 
(which allows it to defeat penetrating 
trauma) so it does a poor job at reducing 
the transfer of blunt energy.  
 
In the past some special operations troops 
used a crushable, bicycle-type, helmet, 
rather than the standard Kevlar helmet, for 
some close combat situations because the 
greatest risk for head trauma was felt to be 
from blunt trauma and high velocity bul-
lets, which Kevlar does not usually defeat. 
The combat deaths of some of these elite 
SOF troops from penetrating head wounds 
while wearing these bicycle-type helmets 
led to a change to a ballistic helmet. What 
is clearly needed, especially for troops 
with an increased risk of closed-head in-
jury, e.g. airborne and special operations 
troops, is a helmet that combines both bal-
listic protection and protection from blunt 
force injury. Such helmets are already 
used by aviators who also face the dual 
threat of penetrating and blunt head 
trauma. Airborne troops use soft foam in-
serts inside the Kevlar helmet to reduce 
the risk of closed head injury during air-
borne operations; although these certainly 
help, a better helmet would further reduce 
the risk.  
 
No improvements in helmet technology, 
however, will address the main problem, 
which is compliance. Troops frequently 
cite a long litany of reasons why they don't 
wear the helmet they are provided. These 
include heat load, weight, perceptions of 
decreased situational awareness due to 
decreased ability to hear, and a desire to 
blend in with the local population and to 
appear less "threatening."  Measures taken 
to address these concerns would also help 

reduce the problem of CHI in combat 
troops. 
 

Diagnosis 
 
Maj. Douglas Jolly’s 1938 notes from the 
Spanish Civil War regarding the difficulty 
of accurate and far-forward diagnosis in 
head trauma are still true today. He stated 
that 

 
The subdivision of head wounds into 
two clear-cut groups - those in which 
operation can, and those in which it 
cannot, be recommended - is unat-
tainable even by those with an exten-
sive experience in war surgery…All 
that the discriminating surgeon should 
allow himself to say of the most severe 
head injuries is that they do not merit 
priority treatment; but they should un-
failingly be reviewed when there is 
some respite from the rush of casual-
ties.147(p. 84)

 
Those who provide care at or near the 
point of wounding must determine which 
head-injured patients must be rapidly 
evacuated and which do not need to be 
evacuated. As a general rule, all patients 
with a head injury, except those with un-
equivocally minor scalp injuries, should 
be regarded as having a potentially life-
threatening injury, and none, except those 
having an injury that is obviously incom-
patible with life, should be treated as if 
they were unsalvageable.  
 
Head injury in itself is not always an indi-
cation for evacuation, but today it is im-
possible to definitively rule out serious 
head injury at or near the point of wound-
ing. While this might be interpreted to 
mean that every patient with any head in-
jury should be evacuated the contingen-
cies of the battlefield would certainly not 
allow this. What must happen is that easy 
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to use, durable, and light weight diagnos-
tic tools must be developed and fielded for 
far forward use as soon as possible. Ab-
sent this the forward care provider must 
use common sense, knowledge of the epi-
demiology of serious head injury, and the 
basic assessment tools of history and 
physical examination to make these diffi-
cult triage decisions. 
 
Most of Jolly's observations about the 
management of casualties with head 
wounds during the Spanish Civil War re-
main relevant today. He noted that, “At-
tempts at prognosis based on the course of 
the projectile through the cranium are 
liable to serious error….147(p. 85)”  and that, 
“…no scalp wound is so trivial that it 
should not be regarded as potentially se-
rious.”147(p. 84) His admonishment that, 
"Blind groping for foreign bodies with 
forceps can hardly be condemned too 
strongly"147 (p. 97) should be strictly ob-
served in all wound cases, but especially 
in the case of penetrating head wounds. 
 
When confronted with a casualty with 
blunt head trauma at or near the point of 
wounding, the key question is, "Must the 
casualty be evacuated, and, if so, how ur-
gently?" In the patient with a serious head 
injury, particularly one with blunt head 
injury, making the correct decision is es-
sential. It has been shown that patients 
with blunt head trauma who require and 
receive surgery within 4 hours of their 
injury have a mortality rate that is three 
times lower than those who need surgery 
but do not receive it for more than 4 hours 
after their injury.159  
 
For the patient with penetrating head in-
jury, the evacuation decision is generally 
both less difficult to make and less critical. 
It is usually easier to determine that a 
casualty has sustained a penetrating head 
injury than it is to diagnose an early sub-

dural or epidural hematoma caused by 
blunt trauma. For this reason, the primary 
focus of the following discussion will be 
on the assessment and disposition of the 
casualty with the closed head injury. 
When it is unclear whether a penetrating 
head wound is present, experienced mili-
tary neurosurgeons agree that obtaining an 
immediate definitive diagnosis is unneces-
sary because such patients are not likely to 
deteriorate en route.  
 
During combat operations in Mogadishu 
Somalia on 3 October 1993 a combatant 
with a small, lightly bleeding head wound 
of unclear cause presented to a casualty 
collection point and was quickly neuro-
logically assessed by a physician. He was 
found to be neurologically intact, asked to 
be returned to combat, and was allowed to 
do so. A few days after the battle this in-
dividual returned again for medical 
evaluation complaining of a headache and 
clear fluid draining from the wound. A 
radiograph of the head was obtained that 
revealed a small fragment approximately 6 
cm inside the brain. The casualty was 
started on antibiotics and was evacuated. 
During evacuation the patient seized  and 
developed a brain abscess, but eventually 
recovered with good neurological function 
(personal communication with Dr. Rob 
Marsh, Special Operations Surgeon). This 
case demonstrates that although early 
evacuation is optimal, and certainly all 
patients with a known or reasonably sus-
pected penetrating head injury should be 
evacuated to competent neurosurgical 
care, such patients will often do well even 
if there is a delay. 
 
Because minor blunt head trauma, with 
and without transient LOC, is fairly com-
mon in military populations in both peace-
time training and in war, it would be ex-
tremely useful to be able to quickly sort 
out those who need the prompt services of 
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a neurosurgeon from those who do not. As 
the U.S. military becomes increasingly 
smaller and more specialized, over-
evacuation (evacuating casualties who do 
not need to be evacuated) must be limited. 
There is no piece of equipment and no 
exam that far forward medical personnel 
can use to quickly and accurately make 
good triage and evacuation decisions for 
head-injured casualties. There are, how-
ever, some things that can improve deci-
sion making in such circumstances.  

 
Demographically most combatants are 
quite similar to high school and college 
athletes, so it is reasonable and appropri-
ate to examine how athletes with closed-
head injuries are evaluated on the field of 
play to guide a similar evaluation of casu-
alties with closed head injury at or near 
the point of injury.160 Although serious 
head injury is rare in organized athletics, it 
does occur, and minor head injury is quite 
common, particularly in contact sports 
such as football. In the United States, 
there are, on average, eight deaths each 
year as a result of football-related head 
injury, most which are caused by an acute 
subdural hematoma.161 (p913),162  
 
More than 200,000 minor head injuries 
occur during organized football each 
year,163, 164 and 70% of American football 
players who are “knocked out” return to 
play the same day.161 (p913) Returning to 
combat is also what most likely happens 
to the average combat casualty who suf-
fers a brief loss of consciousness from a 
closed head injury. Unfortunately, as in 
athletics, a combatant who is rendered 
unconscious may have only a mild con-
cussion and can safely return to the field, 
or he may have a developing intracranial 
hematoma or other intracranial process 
that may result in death or permanent neu-
rological injury.165 The question of 
whether it is possible to effectively and 

efficiently differentiate between these two 
types of injury at or near the point of 
wounding is the focus of the following 
discussion.  
 
Although there appears to be no difference 
in severity of head injuries between 
groups based on sex or race, it does appear 
that age may be a factor. Jennett noted that 
victims over the age of 60 are four times 
more likely to have an intracranial abnor-
mality on CT than their 166 Mostly this 
information is useful because it indicates 
that the risk of serious head injury for a 
given degree of trauma is lower in popula-
tion of military combatants than would be 
the case in a civilian population that in-
cludes elderly patients. Most intracranial 
injuries result from unprotected trauma 
involving large forces. In the civilian set-
ting, pedestrians and bicyclists struck by 
automobiles have the highest potential for 
serious intracranial injury.167 This only 
suggests the obvious, i.e. that those sus-
taining higher energy blunt head injury 
have the highest probability of serious 
intracranial injury.  
 
Information about mechanism of injury is 
useful at or near the point of wounding to 
risk-stratify head-injured combat casual-
ties. It is possible to ascertain that patients 
with high energy mechanisms of injury 
will be at higher risk of serious intracra-
nial injury, but it is not possible to achieve 
a high degree of sensitivity or specificity 
with this information. Some casualties 
sustaining high-force impacts to the head, 
for example, will have minor or no injury 
and some who have sustained apparently 
low-force impacts will later be found to 
have serious intracranial injury.166, 167 

 
Knowing whether a casualty with blunt 
head trauma has had loss of consciousness 
(LOC) is one of the most valuable pieces 
of information in helping to make triage, 
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management, and evacuation decisions for 
head-injured patients. It is commonly 
thought that casualties with blunt head 
injury but no LOC have a very low prob-
ability of serious intracranial injury and 
probably do not need to be evacuated. As 
pointed out by Cheung & Kharasch, how-
ever, this has not been proven; no study 
has specifically analyzed the negative pre-
dictive value of LOC.167 In an evaluation 
of patients with a GCS of 15 and LOC, the 
incidence of identifiable intracranial pa-
thology ranged from 6.1% to 9.4%.167 
Most studies of the incidence of intracra-
nial injury in patients with LOC do not 
address the duration of LOC as a variable. 
When this variable is considered, increas-
ing duration of LOC is associated with 
increasing incidence of intracranial le-
sions.169 Miller et al. noted an increase in 
intracranial injury on CT from 5.9% in 
patients with LOC < 5 minutes to 8.5% in 
those with LOC >5 minutes,170 confirming 
the earlier findings of Rivara et al. in a 
pediatric population.171  
 
Many if not most intracranial lesions iden-
tified on a CT scan following blunt injury 
do not require surgery and cannot be sig-
nificantly improved with any form of 
medical intervention. The number of casu-
alties who would benefit from rapid 
evacuation to a neurosurgeon following a 
closed head injury, then, is quite low, and 
it is identification of this small group of 
casualties that presents the challenge for 
point-of-wounding care providers.  
 
The available data appear to support the 
widely held belief that the longer the 
LOC, the higher the likelihood of serious 
intracranial pathology and the greater the 
need for rapid evacuation of the casualty 
to the care of a neurosurgeon. It is impor-
tant to note that the above discussion only 
relates to the evaluation of casualties with 
blunt head injury (a significant minority of 

combat-related head injuries) and should 
not be applied to casualties with penetrat-
ing head wounds. Unless intracranial 
penetration can be ruled out all patients 
who may have sustained a penetrating 
head wound need to be evacuated to a fa-
cility that can rule out intracranial pathol-
ogy.  
 
It would be useful if the presence or ab-
sence of such symptoms as headache and 
nausea and vomiting could be effectively 
used to raise or lower the clinical suspi-
cion of an intracranial abnormality. Al-
though the presence of these symptoms 
often influences emergency department 
decisions such as whether to obtain a CT 
scan, such findings are neither sensitive 
nor specific enough to predict intracranial 
abnormality. The presence of headache, 
and nausea and vomiting has not been 
shown to be associated with an increased 
risk of  
 

(1) A surgically correctable intracranial 
lesion,  

(2) New-onset, post-traumatic seizures, 
or  

(3) CT-demonstrable intracranial pa-
thology.166  

 
In terms of physical examination, the 
Glascow Coma Scale (GCS) is the most 
widely used system for grading the neuro-
logical status of trauma victims. The GCS 
is relatively easy to calculate and has been 
shown, in civilian trauma settings, to be 
reproducible with low inter-observer vari-
ability. When calculated by prehospital 
care providers in the heat of combat, how-
ever, the inter-observer variability of the 
GCS, however, is likely to increase dra-
matically, making the test much less reli-
able in this setting. Even with low inter-
observer variability, the GCS is not much 
help in answering the most important 
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question, "Does this patient need to be 
evacuated?"  
 
Another problem with the GCS is that 
most studies that have evaluated its pre-
dictive value have not addressed the im-
portant question of timing. A GCS ob-
tained in an unconscious patient immedi-
ately after injury certainly has a different 
predictive value than a GCS obtained in 
the same patient an hour later.172, 173 It 
would be very helpful if it were possible 
to simply say that any casualty with a 
closed head injury who has a GCS of 15 
does not need to be evacuated and can be 
safely returned to duty – unfortunately it is 
not.  
 
Unfortunately, even a perfect GCS of 15 
does not exclude significant intracranial 
abnormalities. The incidence, in the pub-
lished literature, of CT-demonstrable in-
tracranial injury in patients with a GCS of 
15 varies between 2.5% and 22.5%.166  
The high of 22.5% originates from the 
neurosurgical literature and thus suffers 
considerably from selection bias, i.e., only 
those with a significant problem are re-
ferred to a neurosurgeon so patients with a 
GCS of 15 and no intracranial pathology 
never get into the neurosurgery database. 
If only emergency medicine studies are 
considered, a much lower incidence of 
2.5% to 9.8% is found.166 The relevance of 
this information to combat casualty man-
agement is hard to ascertain because sur-
gically correctable lesions were not differ-
entiated from other CT abnormalities: re-
ported lesions varied from surgical epidu-
ral hematomas (urgent neurosurgery re-
quired) to simple linear skull fractures (no 
surgery needed).  
 
In the largest study assessing the fre-
quency of CT abnormality in head trauma 
patients with a GCS of 15, Shackford 
found that 14.8% of 2,166 such patients 

had an abnormal CT but only 3.2% re-
quired a craniotomy.159 Miller et al., in the 
largest emergency medicine series of 
head-trauma patients with a GCS of 15, 
reported that 6.1% of 1382 patients had an 
abnormal CT but only 3 (0.2%) required 
surgical intervention; all three having ob-
vious depressed skull fractures.170 In an-
other study of emergency department head 
trauma patients with a GCS of 15, Jeret et 
al. found a 9.4% incidence of CT abnor-
mality but only 0.3% (2 of 712) required 
surgery, one of whom died.174 It would 
therefore seem that the percentage of head 
trauma patients presenting to an ED or 
battalion aid station with a GCS of 15 but 
still requiring neurosurgical intervention is 
very low -- but not zero. Although a GCS 
of 15 does not exclude a CT-demonstrable 
lesion (overall negative predictive value of 
90.7%), there is clearly an increased risk 
of serious brain injury with lower GCS 
scores.  
 
In every study to date there has been an 
inverse relationship between GCS score 
and frequency of CT-demonstrable intrac-
ranial abnormalities. This information is 
of little use in making evacuation deci-
sions for head-injured patients because all 
patients with a low GCS score are gener-
ally evacuated as soon as possible in any 
case and the GCS is not useful in deciding 
what to do with the much larger number of 
surviving head injury casualties who have 
a GCS of 15.166   
 

Physical Findings  
 

Attempts have been made to establish a 
relationship between anisocoria, external 
signs of trauma, and neurologic findings 
and the presence of significant intracranial 
abnormalities.175 But, as Cheung & 
Kharasch point out, few studies have 
looked at these types of exam findings as 
independent variables, so it is difficult to 
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arrive at a definitive conclusion regarding 
such a relationship.167  
 
Between 30% and 80% percent of head 
injury patients with anisocoria have been 
found to have demonstrable intracranial 
injury, 167, 171, 175 and the incidence of in-
tracranial abnormalities has been found to 
increase with the degree of anisocoria.175 
In a study by Borczuk of 210 head trauma 
patients with anisocoria greater than 1 
mm, only about one-third had an intracra-
nial abnormality,169, 176 so although there 
appears to be a reasonably high probabil-
ity that a head trauma patient with aniso-
coria will have an intracranial abnormal-
ity, a sizeable number of head trauma vic-
tims with this finding will not. Signs sug-
gesting basilar skull fracture such as "rac-
coon" eyes and hemotympanum have been 
associated with a 53%-90% incidence of 
intracranial pathology.171, 176  
 
Even if a casualty with blunt head injury 
and history of LOC has regained full con-
sciousness and does not have a neurosur-
gically correctable lesion, a cerebral con-
cussion has nonetheless been sustained 
that is likely to produce some degree of 
confusion and amnesia. Casualties with 
such injuries may exhibit easy distractibil-
ity, poor vigilance, inability to maintain a 
coherent stream of thought, inability to 
carry out a sequence of goal-directed ac-
tions, delayed verbal responses or slowed 
actions, disorientation, slurred or incom-
prehensible speech, problems with motor 
coordination, emotional lability, and/or 
short-term memory deficits. This confu-
sion and memory disturbance can be im-
mediate or delayed, so returning such 
casualties to important duty positions is 
problematic.177  
 
The classic clinical picture of a patient 
with an epidural hematoma is transient 
LOC at the time of the injury, followed by 

a normal level of consciousness (lucid 
interval) over a variable period. This is 
followed by a decline in mental status, 
with a unilaterally (usually ipsilateral to 
clot) dilated pupil, decerebrate posturing, 
contralateral weakness, and often, unless 
treated quickly, death. Although this se-
quence is considered characteristic of epi-
dural hematoma, only about a third of pa-
tients with an epidural hematoma present 
in this manner .178 

 
Acute subdural hematomas occur ap-
proximately three times more frequently 
in athletes than epidural hematomas.177 A 
similar relative frequency of these condi-
tions would be expected in combat troops 
because they are demographically a simi-
lar population although exposure of com-
bat troops to potentially much higher 
forces may affect the relative frequency of 
these conditions. In the general population 
that has sustained head trauma, subdural 
hematoma occurs almost twenty times 
more commonly than epidural hema-
toma.156(p.308)  
 
The reason for this difference between 
athletes (and presumably combatants) and 
the general population is because the gen-
eral population includes young children 
and the elderly both of whom have a rela-
tively lower rate of occurrence of epidural 
hematoma. This has been attributed to 
there being a closer adherence of the dura 
to the skull in these two groups and due to 
skull elasticity in young children.156(p.308) 
Furthermore, because of brain atrophy, 
subdural hematomas are also much more 
common in the elderly than in young adult 
combatants and athletes. Because there is 
less subdural space within which blood 
can collect in young adults, in them when 
subdural hematoma does occur there is 
generally less pooling of blood in the sub-
dural space and there is a higher degree of 
underlying brain injury. For this reason 

 
 37 



Immediate Care of the Wounded  Disability 
Clifford C. Cloonan, MD 
 
 
 
 
the symptoms associated with acute sub-
dural hematoma in younger adults are 
more often related to the underlying brain 
injury rather than to the mass effect of a 
clot so in this group an operation is less 
likely to be beneficial.178  
 
The combatant with an acute subdural 
hematoma usually has prolonged uncon-
sciousness and a focal neurological find-
ing, such as pupillary asymmetry or de-
cerebrate posturing so the evacuation de-
cision is not difficult. Such casualties 
should be evacuated to a neurosurgeon as 
quickly as possible.  
 
The above information is important be-
cause it makes it clear that in combatants 
who have sustained serious head injury 
epidural hematoma is relatively much 
more common than would be the case in 
the general population; this has disposition 
and management implications. Compared 
to a civilian population, combat casualties 
with serious head injury are much more 
likely to benefit from rapid evacuation to a 
neurosurgeon.  
 
One condition that has been well de-
scribed in athletes engaged in contact 
sports is a syndrome of massive cerebral 
edema and death that follows relatively 
minor head trauma occurring shortly after 
a previously similar “minor” head in-
jury.179, 180  This rare condition typically 
presents in an athlete who, while still 
symptomatic from a previous “minor” 
head injury, returns to play before com-
pletely clearing his sensorium and then 
suffers a second head injury. This syn-
drome, believed to be caused by persisting 
cerebral vascular sensitivity, is called the 
“second impact syndrome.”  A second 
injury then leads to cerebral autoregula-
tory dysfunction, vascular congestion, and 
subsequent intracranial hypertension. This 
condition, which can follow minor head 

injury without loss of consciousness, has 
resulted in sudden death.181  
 
Unfortunately there is no evidence to sup-
port the notion that a normal neurological 
examination can accurately identify those 
head injured patients who have minimal 
risk of serious intracranial injury.166, 181, 182 
Despite there being no good evidence to 
support a point-of-wounding policy of 
returning to duty most soldiers with blunt 
head trauma, a GCS of 15, and a normal 
neurological examination, such a policy is 
probably still reasonable in the absence of 
better far-forward diagnostic capability.  
 
It is important to note, however, that, as 
Cheung and Kharasch have pointed out,167 
most studies simply do not address the 
question of whether such emergency de-
partment patients can safely be sent home. 
They focus instead on predictive factors 
such as GCS < 15, focal neurologic defi-
cits, and skull fractures. This is of little 
use to the care provider at or near the 
point of wounding, who will feel com-
pelled to evacuate any head-injured casu-
alty to someone who can rule out intracra-
nial injury. In such a circumstance, the 
evacuation decision will be made primar-
ily upon the tactical situation and the 
availability of transport. If both preclude 
rapid evacuation and if, after some period 
of observation, the patient appears to re-
main well, the care provider will likely 
return him or her to duty. On the other 
hand, if evacuation is available and the 
tactical situation permits, the care provider 
will likely evacuate the casualty.  
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Treatment 
 
In the initial resuscitation of a combat 
casualty with a potentially serious head 
injury, the emphases should be on 
 

(1) Ensuring an adequate airway and 
adequate ventilation, and  

(2) Controling hemorrhage.  
 
Although the scalp can bleed significantly, 
and can contribute to the development of 
shock, scalp wounds in adults are rarely 
the sole cause of hemorrhagic shock. It is 
also true that serious brain injury can pro-
duce significant hypotension without con-
comitant loss of intravascular volume. 
Despite these facts, any patient with a se-
rious head injury who is also in shock 
should be assumed to have another source 
of bleeding (usually internal) until proven 
otherwise. It should also be assumed that 
altered mental status in a combat casualty 
is due to head injury and is not due to 
blood loss until proven otherwise.  
 
Except in the case of severe shock, altered 
mental status (aside from anxiety) is rarely 
present in previously healthy young com-
batants without head injury or hypoxia. In 
discussing the management of head in-
jured combat casualties, during the Span-
ish Civil War, Jolly makes the still very 
relevant observation that, "Time spent in 
the systematic prevention and control of 
bleeding is not lost."147(p89) It is absolutely 
critical to the casualty with a serious head 
injury to maintain adequate blood pres-
sure, hematocrit, and oxygenation and 
ventilation.183 All controllable bleeding 
should be stopped; the airway kept patent; 
and, if available, supplemental oxygen 
should be provided (although achieving a 
supranormal oxygen level provides no 
benefit). The mean arterial pressure must 
be kept greater than 70 mm Hg to ensure 
adequate cerebral perfusion pressure.  

 
In managing the head-injured casualty at 
or near the point of wounding, the objec-
tives must be to determine who needs ur-
gent evacuation to the care of a neurosur-
geon and who can be safely returned to 
duty. Until there is an effective way, in 
far-forward situations, to sort out which 
casualties have sustained serious intracra-
nial injury, there should be a low threshold 
for rapidly evacuating such casualties 
when circumstances permit.  
 
Recently developed guidelines have been 
published185, 186 to minimize the use of 
head CT for patients with minor head 
trauma. These guidelines could be used to 
help make appropriate forward area triage 
and evacuation decisions at or near the 
point of wounding, but they have not been 
evaluated for their effectiveness at reduc-
ing CT use even in a civilian population. 
Several of the criteria are not generally 
relevant to military combatants, such as 
“age over 60” and drug or alcohol intoxi-
cation. Most of the others are so common 
following head injury that they are not 
likely to be very effective at reducing head 
CT use and would result in substantial 
over-evacuation if used solely to make 
evacuation decisions in head injured com-
batants. These include  
 

(1) Headache, 
(2) Vomiting,  
(3) Deficits in short-term memory 

and,  
(4) Physical evidence of trauma 

above the clavicles.  
 
The remaining criteria of seizure follow-
ing head trauma would likely result in 
evacuation even without implementation 
of a published guideline. This despite the 
fact that  there is no proven correlation 
between the presence or absence of new-
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onset, post-traumatic, seizures and CT-
demonstrable intracranial pathology.167  

The Canadian CT Head rule has more 
stringent criteria than those described 

above and may be more useful in making 
evacuation decisions and reducing over-
evacuation.187 

 
 
 
 

Canadian Head CT Rule: Selected Criteria 
GCS score < 15 at 2 hours after injury 
Suspected open or depressed skull fracture 
Any sign of basal skull fracture (hemotympanum, ‘raccoon’ eyes, cerebrospinal fluid otorrhea, 
Battle’s sign) 
More than two episodes of vomiting 
Retrograde amnesia > 30 minutes 
Significant mechanism of injury (pedestrian struck by motor vehicle, occupant ejected from motor 
vehicle, fall from height > 3 feet or five stairs) 
Age > 65 years186 [Stiell, I. G., G. A. Wells, et al. (2001). "The Canadian CT Head Rule for pa-
tients with minor head injury." Lancet 357(9266): 1391-6] 
 

 
 
 
 
 
 

n combat, dealing with the issue of the 
second-impact syndrome is problem-
atic because there is simply no way to 

minimize the risk of recurrent head injury 
in most combatants who are returned to 
duty. When circumstances permit, casual-
ties sustaining minor head injury should 
be observed for a period of time and only 
returned to duty when they are absolutely 
symptom-free, or when their duties make 
recurrent head injury very unlikely. 

 
Although the circumstances of combat 
will always be a major consideration in 
the evaluation, management, and disposi-
tion of head-injured casualties the follow-
ing approach, derived from recommenda-
tions for on-the-field management of 
head-injured athletes should be followed 
whenever possible: 

• Any combatant who has received a 
blow to the head or any significant ac-

celeration-deceleration-type force to 
the head should be considered to have 
sustained potentially serious head in-
jury and should be thoroughly evalu-
ated for level of consciousness, 
steadiness of gait, orientation, post-
traumatic amnesia, and retrograde 
amnesia. 

 
• Casualties who have sustained only a 

grade 1 concussion (no LOC or post-
traumatic amnesia of < 1 hour dura-
tion) should be observed for 20–30 
minutes. If there is complete clearing 
of the sensorium and no residual 
symptoms, such casualties can rea-
sonably be returned to duty. 

 
• Circumstances permitting, casualties 

with persisting symptoms, such as 
headache, dizziness, or confusion, 
should be evacuated for evaluation by 
a physician.188 

I 
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• All casualties with a grade 2 concus-

sion (< 5 minutes loss of conscious-
ness, amnesia < 24 hours) should be 
evacuated for evaluation by a physi-
cian. 

 
• Casualties sustaining a grade 3 con-

cussion, where there is prolonged or 
severe alteration in level of con-
sciousness or orientation, or a focal 
neurological deficit should be evacu-
ated, when possible, directly to a facil-
ity capable of performing a CT-
directed craniotomy.  

 
Because of the “second-impact syn-
drome,” casualties with minor head injury 
present a dilemma because most in this 
category do fine if returned to duty but a 
very small number who sustain a second 
minor head injury shortly following the 
first may die. For this reason, when possi-
ble, no combatant who has sustained a 
mild concussion should be returned to du-
ties that have a relatively high risk of re-
current head injury for at least 1 to 2 
weeks.181  Symptoms such as persistent 
headache, irritability, fatigue, dizziness, 
double vision, impairments in memory 
and concentration, and/or problems with 
behavior should lead to neurological or 
neurosurgical evaluation.177 Repeated 
"minor" head injuries have an additive 
effect on cognitive abilities, 164, 189-193 so 
any combatant with recurrent head injury 
should be neurologically evaluated. 
 
Steroids do not appear to offer any benefit 
in the management of acute head injury.194 
Because free radicals are thought to play a 
major role in producing secondary injury, 
free radical scavengers have been evalu-
ated for possible use in the treatment of 
head injured patients. Although there have 
been some promising results from an ini-
tial human trial in which patients with se-

vere head injury (GCS ≤ 8) were treated 
with the oxygen radical scavenger super-
oxide dismutase combined with polyethyl-
ene glycol,195 free radical scavengers are 
not ready today for use at, or near, the 
point-of-wounding. 

 
Antibiotic prophylaxis for central 

nervous system wounds  
 
The prevention of infection of wounds of 
the central nervous system is very impor-
tant because such infections can rapidly 
result in meningitis, cerebritis, abscess 
formation and even death. Unfortunately, 
the efficacy of prophylactic antibiotic ad-
ministration at, or near, the point-of-
wounding, is unproven. Israeli data from 
the Yom Kippur war even suggests that 
the prophylactic use of antibiotics might 
not only select for gram negative and 
mixed microbial infections but may actu-
ally increase the overall risk of wound 
infection.196  
 
Although antibiotic prophylaxis in neuro-
surgical practice is not only very common 
but is considered the standard of care by 
many, the strength of evidence from civil-
ian studies that proves that prophylactic 
antibiotics are effective at reducing the 
risk of infection from operations and 
wounding is limited.  
 
Savitz et al., advocates for antibiotic pro-
phylaxis in neurosurgery admit, in their 
2003 meta-analysis, that “To date, indi-
vidual studies have not demonstrated a 
significant benefit for prophylactic antibi-
otic therapy in spinal operations.”197(pp.243-

5) But they go on to point out that, in their 
meta-analysis, pooled infection rates were 
2.2% (10 of 451 patients) with antibiotics 
and 5.9% (23 of 392 patients) without an-
tibiotics. The pooled odds ratio in their 
meta-analysis was 0.37 (95% confidence 
interval, 0.17-0.78), favoring antibiotic 
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treatment (P < 0.01). They concluded that 
prophylactic antibiotic therapy is benefi-
cial for spinal surgery, even when ex-
pected infection rates without antibiotic 
treatment are low; and the rate of infection 
in combat casualties with CNS injuries is 
certainly much higher than that occurring 
in planned surgeries.  
 
During the Vietnam conflict sepsis, par-
ticularly in the setting of extensive burns 
or penetrating trauma to central nervous 
system, was the major cause of mortality 
in rear echelon hospitals.198  The higher 
the risk of infection the greater the likely 
benefit of prophylactic antibiotic admini-
stration.  
 
A number of double and single blinded 
studies199-204 have been done that suggest 
that antimicrobial prophylaxis reduces the 
rate of wound infection following craniot-
omy. The recommendation of the 1988 
U.S. edition of the NATO War Surgery 
Manual205 regarding antibiotic prophylaxis 
for combat casualties with CNS injuries, is 
that, although the efficacy of prophylactic 
antibiotics has not been proven, “intrave-
nous antibiotics should be administered at 
meningeal doses for one week.” Based 
upon the currently available evidence such 
a policy seems reasonable, especially in 
the case of penetrating central nervous 
system injury, and should probably be im-
plemented without long delay. The only 
question is which antibiotic should be 
used for prophylaxis of CNS combat in-
jury?  
 
For combat wounds in general, cefoxitin, 
was initially recommended by Butler and 
Hagmann206 but prior to Operation Endur-
ing Freedom Butler and O’Connor exam-
ined the concept of prophylactic antibiotic 
administration by Special Operations 
Forces medics and concluded that prophy-
lactic administration of cefotetan, par-

enterally,or gatifloxacin orally, were better 
choices.207 Their recommendation lead to 
a U.S. Army Special Operations Com-
mand policy of pre-hospital prophylactic 
antibiotic administration by SOF medics 
and these antibiotics were issued to SOF 
medics for this purpose during Operations 
Enduring Freedom and Iraqi Freedom. 
Unfortunately cefotetan has poor penetra-
tion into the CSF and it is generally not 
recommended for prophylaxis of CNS 
injury. A better choice for antimicrobial 
prophylaxis of combat caused CNS inju-
ries is ceftriaxone.  
 
Opponents of antibiotic prophylaxis argue 
that great emphasis should be placed on 
aseptic technique and wound care because 
the administration of antibiotics alone will 
not compensate for inattention to detail;207 
they certainly have a point.  The emphasis 
in the training of pre-hospital personnel 
should be on minimizing wound contami-
nation and speedy evacuation to surgical 
care. At best antibiotics are an adjunct to 
good wound care not a substitute. It would 
be ideal if a study were conducted to as-
sess the efficacy of prophylactic antibiotic 
administration prior to there being a De-
partment of Defense-wide implementation 
of a policy of prophylactic pre-hospital 
antibiotic administration but this seems 
unlikely. 
 

Maintaining Adequate Oxygen  
Delivery to the Brain-Injured 

 Casualty 
 

The brain lies in a rigid container that has 
a fixed volume of approximately 1500 
cm3. Within this fixed space lie the paren-
chyma of the brain (approx. 80% of the 
total volume), cerebral spinal fluid, and 
blood (remaining 20%). Because the cra-
nium is a rigid container, any increase in 
one component must come at the expense 
of one or more of the other components. If 
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trauma produces swelling of the brain or 
an intracerebral hematoma, some cerebral 
spinal fluid (CSF) and blood are excluded 
from the space.  
 
When the swelling and/or hematoma are 
sufficiently large and no more CSF can be 
excluded from the space, intracranial pres-
sure rises and the flow of blood into the 
brain slows and eventually stops. As cere-
bral blood flow drops, oxygen delivery to 
brain cells drops, and when the threshold 
is crossed where insufficient oxygen is 
being delivered to meet cerebral metabolic 
needs, ischemia, and eventually infarction, 
occur.209  
 
Through the mechanism of autoregulation, 
primarily achieved by altering cerebral 
vascular resistance, the body is able to 
maintain a constant delivery of oxygen to 
the brain despite a significant drop in 
blood pressure or a significant rise in in-
tracranial pressure (ICP). As intracranial 
pressure rises, if the body is able to raise 
the blood pressure, it does so in order to 
maintain a cerebral blood flow great 
enough to prevent irreversible neuronal 
damage (> 18-20 mL/100 g brain tis-
sue/min is the critical amount of blood 
flow needed to deliver enough oxygen to 
meet the minimal metabolic needs of the 
brain). This is the Cushing response, i.e., 
increased ICP leading to hypertension and 
a reflexive bradycardia. Cerebral blood 
flow is equal to the cerebral perfusion 
pressure, or mean arterial pressure (MAP) 
minus ICP, divided by the cerebral vascu-
lar resistance. 
 
(Cerebral blood flow) = (Cerebral perfusion pressure) 

 
= (MAP-ICP) ÷ (Cerebral vascular resistance) 

 
Under normal conditions, ICP is minimal 
(0-10 mm Hg) so CPP is essentially equal 
to MAP. In serious head trauma, the ICP 
may increase enough to reduce the CPP to 

zero. Thus, a decrease in MAP and/or an 
increase in ICP can result in decreased 
cerebral blood flow.210 The critical issue in 
the management of patients with serious 
head injury is not intracranial pressure but 
rather the delivery of sufficient oxygen to 
meet cerebral metabolic needs. When ef-
forts to reduce ICP reduce oxygen deliv-
ery, seriously brain injured patients may 
have worse outcomes even if ICP is re-
duced. Measures that improve oxygen de-
livery to an injured brain include the fol-
lowing: 
 

1. Maintaining MAP > 70 mm Hg 
 
2. Ensuring an adequate amount of 

functional hemoglobin 
 
3. Optimizing oxygenation and ven-

tilation 
 
4. Ensuring that oxygen can be off-

loaded at the cellular level 
 
5. Preventing and/or reducing cere-

bral edema 
 
Measures that focus on treating elevated 
ICP but also reduce cerebral blood flow 
may be necessary if herniation is immi-
nent, but depriving an ischemic brain of 
oxygen to prevent herniation may result in 
brain death.  
 
Another way to ensure that sufficient oxy-
gen is supplied to meet demand is to re-
duce demand. Preventing increases in the 
cerebral metabolic requirement for oxygen 
by preventing elevations in temperature 
(or by inducing mild hypothermia), pre-
venting and/or rapidly treating seizures, 
and avoiding hyperglycemia are the most 
commonly agreed-upon methods. Lower-
ing the cerebral metabolic rate by prophy-
lactically inducing a barbituate coma, 
however, is more controversial. Despite 
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some theoretical advantages to the use of 
prophylactic barbituate coma in treating 
severely head-injured patients, it does not 
appear to be beneficial in improving out-
come211 and should not be attempted at or 
near the point of wounding. 
 
Elevation of the head has long been advo-
cated in the prehospital treatment of head-
injured patients. Despite this practice hav-
ing been recently challenged on the 
grounds that elevation of the head leads to 
decreased cerebral perfusion pressure 
studies by Feldman et al.212 and Hickey & 
Sloan.139 have shown that head elevation 
from 0° to 30° reduces intracranial pres-
sure without producing any significant 
change in cerebral perfusion pressure, 
cerebral blood flow, cerebral metabolic 
demand for oxygen, or cerebral vascular 
resistance. Based upon these findings pa-
tients being treated for serious head injury 
at or near the point of wounding should 
have the head of the litter elevated by 15° 
to 30° unless the patient is in shock that is 
unresponsive to hemorrhage control and 
fluid resuscitation.  
 
Appropriate prehospital measures aimed at 
minimizing the cerebral metabolic rate 
that can, and should, be undertaken for the 
seriously head-injured casualty include 
controlling fever and other causes of ele-
vated temperature (even mild hypothermia 
has been shown to be protective in 
ischemic brain injury),213 and control of 
agitation and seizure activity.214 
 
Mannitol and hypertonic saline can be 
used individually to control cerebral 
edema at or near the point of wounding. 
Mannitol has long been used to control 
intracerebral pressure and brain swelling 
in patients with serious head injury. Re-
cently two relatively large blinded, ran-
domized, controlled, multi-center trials 
conducted by Cruz et al. have looked at 

the efficacy of high dose mannitol in the 
treatment of patients with blunt traumatic 
subdural hematomas215 and traumatic in-
traparenchymal temporal lobe hemor-
rhages.216  
 
Both of these studies demonstrated sig-
nificant decreases mortality and morbidity 
when a standard early initial bolus of 0.6 – 
0.7 grams mannitol/kilogram body weight 
mannitol was followed by an additional 
bolus of 0.6 – 0.7 gm/kg if no pupillary 
widening and up to 1.2 to 1.4 gm/kg if 
pupillary widening was present. These 
studies differ from earlier findings of no 
benefit or even possible harm associated 
with either repeated dosing with the use of 
doses higher than .25 g/kg.217 If the Cruz 
study findings of dramatic benefit from 
high dose mannitol are confirmed by addi-
tional studies and especially if benefit is 
shown from pre-hospital administration of 
high dose mannitol then it would seem 
reasonable to recommend the use of high 
dose mannitol (1.4 gm/kg) to treat serious 
blunt head injured combatants at or near 
the point of wounding. 
 
There is increasing interest in the use of 
hypertonic saline both to treat hemor-
rhagic shock and cerebral edema. The use 
of hypertonic saline alone, and combined 
with dextran, has been studied extensively 
for these indications.218-229 
 
Although hypertonic saline is effective at 
reducing cerebral edema and intracranial 
pressure, and improving cerebral blood 
flow, there is no definitive evidence it is 
responsible for improved outcomes in 
head injured patients.229 Most studies 
comparing the efficacy of hypertonic sa-
line with mannitol suggest a similar effi-
cacy in terms of reduced intracranial pres-
sure but indicate that mannitol may last 
longer. Qureshi & Suarez,229 in their re-
cent extensive review of the use of hyper-
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tonic saline to treat cerebral edema and 
intracranial hypertension, note that the 
following adverse effects have been asso-
ciated with the use of hypertonic saline:  
 

• Electrolyte abnormalities 
• Bleeding diatheses 
• Phlebitis 
• Cardiac failure 
• Central pontine myelinolysis and 

rebound intracranial hypertension 
(unproven but possible)229 

 
With a low frequency of significant side 
effects and with the majority of studies 
showing a definite reduction in intracra-
nial pressure following the administration 
of hypertonic saline, it seems reasonable 
to recommend the use of hypertonic saline 
for the treatment of seriously head injured 
patients at or near the point of wounding 
when (and if) it is approved for use. The 
use of hypertonic saline as a single resus-
citative fluid for prehospital use in the 
treatment of hemorrhagic and burn shock 
and head injury patients is discussed at 
length in the Circulation section.  
 
High glucose levels should be avoided. 
Specifically, patients with head injury 
should not be resuscitated with glucose-
containing solutions and patients with al-
tered mental status of unknown etiology 
should not be reflexively given 50% glu-
cose in water unless hypoglycemia has 
been confirmed. High glucose levels may 
aggravate ischemic injury by increasing 
lactic acidosis and contributing to cerebral 
edema.230-233 The goal in head-injured pa-
tients is to maintain blood sugar levels 
between 100 and 150 mg/dL. In practical 
terms, at or near the point of wounding, 
this simply means that previously healthy 
combat troops who may have serious head 
injury should not be given glucose-
containing solutions.  
 

Hyperventilation 
 

Although falling into disfavor, hyperventi-
lation continues to be used by some to 
treat patients with traumatic brain injury. 
Ghajar et al. found in their survey of 277 
medical centers specializing in neuro-
trauma that hyperventilation was used in 
the treatment of intracranial hypertension 
for most patients in 83% of the center sur-
veyed.233 Despite this continued use the 
evidence supporting the efficacy of hyper-
ventilation is limited.  
 
The important question is not whether hy-
perventilation reduces intracranial pres-
sure, because it most certainly does, at 
least acutely (but even this benefit is lost 
after a few hours); it does so by reducing 
cererbral arteriolar diameter (CO2 reactiv-
ity of cerebral arterioles) and by secondar-
ily reducing cerebral blood flow.234 The 
important question is, “Does hyperventila-
tion reduce mortality and improve neu-
rologic outcomes in head-injured pa-
tients?” There is little evidence to suggest 
that it does and some evidence that, in 
some circumstances, it actually increases 
mortality and worsens neurologic out-
comes (i.e. prolonged hyperventila-
tion).235-237  
 
Most important is not the intracranial 
pressure but rather the 
 
(1) Amount of oxygen the brain needs 

(cerebral metabolic rate),  
 
(2) Amount that is actually delivered, 

and 
 
(3) Ability of the brain to use the oxygen 

that is delivered. 
 
Cerebral oxygen content is dependent 
upon cerebral blood flow, oxygen content 
in the cerebral blood (primarily deter-
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mined by hemoglobin content), and abil-
ity of the brain to extract the available 
oxygen (oxygen-hemoglobin dissociation 
curve). By increasing cerebrovascular re-
sistance through hypocarbic vasoconstric-
tion hyperventilation reduces cerebral 
blood flow and secondarily reduces ICP. 
Unfortunately this reduced ICP comes at 
the cost of decreased oxygen delivery to 
already ischemic gray matter. Hyperven-
tilation reduces cerebral oxygen delivery 
both by reducing cerebral blood flow and 
by inducing an alkalemia that shifts the 
oxygen-hemoglobin dissociation curve to 
the left and reduces the ability of hemo-
globin to off-load oxygen at the cellular 
level.  

 
The 1995 recommendation of the Joint 
Section on Neurotrauma and Critical Care, 
approved by the Boards of the American 
Association of Neurological Surgeons and 
Congress of Neurological Surgeons, states 
that hyperventilation should not be used 
prophylactically "…during the first 24 
hours after severe traumatic brain in-
jury…because it can compromise cerebral 
perfusion during a time when cerebral 
blood flow is reduced."179, 238 A somewhat 
contrary position taken by Stocchetti & 
Maas et al., in a recent review of hyper-
ventilation for head injured patients, 
states, “Our opinion is that the careful use 
of hypocapnia for the short-term control of 
raised ICP remains a useful…”239 In sum 
it is certainly reasonable to limit the ag-
gressiveness and duration of any hyper-
ventilation that is done to treat intracranial 
hypertension. 
 
Evacuation of Head-Injured Patients 

 
It has been known for many years that 
expert neurosurgical care is critical to en-
sure optimal outcomes for head-injured 
patients. As long ago as 1939 Jefferson 
noted that, "…the mortality of head 

wounds is distinctly lower in the hands of 
those who understand them…It is only too 
easy to increase damage to the nervous 
system by injudicious operating, and so to 
leave the community's charge a perma-
nently crippled individual."147(p.82)  
 
Balancing the need to get head-injured 
patients to the care of a neurosurgeon with 
the small number of such specialists has 
long been a challenge. Placing neurosur-
geons far forward in the evacuation chain 
creates critical shortages elsewhere and 
leads to inefficient use of their specialized 
talents. Placing them in centralized facili-
ties far in the rear, however, excessively 
prolongs the time it takes a head-injured 
patient to reach this specialized level of 
care. A variety of solutions to this problem 
have been tried, but the best seems to be a 
combination of placing neurosurgeons 
mid-way in the evacuation chain and then 
moving them and their team around to 
areas of active or anticipated com-
bat.17(pp.40-43), 76(pp. 378-379,387-389,392),147(p.52)

 
In the modern military neurosurgical re-
cord there appears to be an inconsistency 
as to the impact of travel time on the mor-
bidity and mortality of the head trauma 
victim. Some sources indicate that such 
patients "travel well,"17 (pp.101-102),147 (p.384) 
while elsewhere the need for rapid trans-
port and minimizing the time from wound-
ing to neurosurgical care is emphasized.147 

(p.52) This is probably explained by the dif-
ferences between types of head injury. 
Patients sustaining serious blunt head 
trauma are at much greater risk of devel-
oping an expanding intracranial hematoma 
with increasing intracranial pressure than 
are those sustaining penetrating head 
trauma (at least those that survive to re-
ceive medical care).17 (p.102)  
 
There is no question that when there is an 
expanding hematoma and increasing in-
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tracranial pressure, increased length of 
time to surgery increases the likelihood of 
death or permanent disability. In patients 
with an acute subdural hematoma, Seelig 
et al. found a fourfold increase in the mor-
tality rate if surgery to evacuate the hema-
toma was delayed 4 hours or more after 
injury compared with those patients who 
had surgery within 2 hours.240, 241 Con-
versely, those with penetrating head inju-
ries who have survived the immediate 
post-injury period appear to tolerate long 
transport reasonably well.  
 
Any trained general surgeon can perform 
surgical decompression of an expanding 
intracranial hemorrhage when the location 
of the hematoma is known. Unfortunately, 
the only currently available means for ac-
curately localizing an intracranial hema-
toma is computerized axial tomography. 
Although weight is not an issue in civilian 
health care, this piece of equipment is so 
heavy that it is found no further forward 
than a combat support hospital. If a new 
portable, lightweight, durable, and easily 
used device were introduced that could 
localize an intracranial hematoma, it 
would then be possible, far forward, to 
sort head-injured patients into those who 
can tolerate a long transport from those 
who need early decompression by a gen-
eral surgeon.  
 
Making the appropriate evacuation deci-
sion is of critical importance in head-
injured patients. Over-evacuation of pa-
tients sustaining minor closed-head inju-
ries leads to a drain on forward combat 
power that, as our army shrinks in size, 
must be prevented at all costs.  

 
During World War II it was noted that 
after such a patient was evacuated out of 
the forward areas "an early return to duty 
was unlikely."17(p.102) Wounds of the scalp 
present a particular dilemma in that the 
general recommendation is that, "Every 
wound of the scalp must be regarded as a 
possible penetrating wound until the pres-
ence of foreign bodies within the cerebrum 
are ruled out with roentgenograms"17(p.102) 
and "…no scalp wound is so trivial that it 
should not be regarded as potentially se-
rious,"147(p.84) yet minor scalp wounds can 
and should be cared for in the forward, 
prehospital environment, followed by a 
quick return to duty. Mechanism of injury 
can often be used to sort out those patients 
with simple, uncomplicated, scalp injuries 
from those with a penetrating scalp injury 
or serious underlying injury. An effective, 
lightweight, durable, and easy to use diag-
nostic tool to help differentiate between 
these groups of patients would also be 
very helpful. 
 
It certainly continues to be the case that 
patients who need the services of a neuro-
surgeon do best when evacuated directly 
to a facility with neurosurgical capability 
unless another more pressing injury takes 
precedence. As well stated by Jolly in 
1938, "Wounds of the head do not mix 
well with other casualties in the rota for 
operation…if they take their turn on the 
same table with injuries of other regions 
they come either to be operated upon by 
those without the necessary knowledge 
and ability, or they hold back other seri-
ous but more expeditiously dealt with inju-
ries to their disadvantage."147(p.52) 
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Summary
  

Penetrating and blunt head and neck 
wounds injuries, while relatively uncom-
mon in combat casualties, are dispropor-
tionately common relative to body surface 
area and have a disproportionately high 
morbidity and mortality. Although pene-
trating injuries predominate as the mecha-
nism of injury in combat-caused head and 
neck wounds, blunt trauma is becoming 
relatively more common. Despite consid-
erable advances in trauma care the mor-
bidity and mortality of head and neck 
wounds remains high.  
 
In the forward combat areas little can be 
done for casualties with such injuries and 
sorting out minor head and neck injuries 
from those requiring more advanced care 
is problematic even for physicians, much 
less combat medics. New, lightweight, 
durable, and easy-to-use tools capable of 
effectively sorting out these categories of 
patients should be a high priority for the 
military medical research and develop-
ment community. 
 
Combat-caused neck injuries, both pene-
trating and blunt, appear to be different 
from their civilian counterparts in terms of 
structures injured and likelihood of insta-
bility. Although any discussion about cer-
vical spine instability is problematic be-
cause a consistent definition of “instabil-
ity” is lacking in the literature, it appears 
that combat casualties who survive a pene-
trating neck wound are considerably less 
likely to have an “unstable” cervical spine 
than civilian patients with anatomically 
similar blunt trauma injuries.  
 
There is even some suggestion in the lit-
erature that casualties who survive a low-
velocity penetrating wounding of the neck 
are more likely to have spinal cord and 
“unstable” injuries than casualties who 

survive high-velocity bullet wounds of the 
neck (a significant portion of this differ-
ence no doubt being due to a higher rate of 
survival in low-velocity wounding).  Al-
though casualties with blunt neck trauma 
and cervical spine instability can certainly 
sustain spinal cord injury if they are han-
dled injudiciously, it would seem that the 
risk of this, in a prehospital combat set-
ting, may be overstated especially if the 
casualty is awake, responsive, and able to 
protect his or her own cervical spine.   
 
How to best manage neck-injured casual-
ties at or near the point of wounding is 
problematic. There is significant contro-
versy, even in civilian EMS literature, re-
garding the appropriate management of 
patients with these injuries. Even if there 
were a general consensus regarding the 
appropriate prehospital management of 
civilian patients with neck injuries, the 
differences between civilian and combat 
circumstances would render the decision 
mostly irrelevant to the management of 
neck-injured combat casualties.  Not only 
are there significant differences between 
typical civilian and combat-related neck 
injuries in terms of likelihood of spinal 
cord injury and instability, virtually all 
aspects of prehospital combat casualty 
care are different in ways that alter the 
risk-benefit ratio of the typical civilian 
EMS approach to the management of such 
casualties.  
 
In civilian settings, EMS supplies are 
transported to the scene of the injury by 
vehicle while in most combat situations 
medical supplies are carried on the backs 
of combat medics. Backboards are out of 
the question and even cervical collars 
might be left behind in favor of more field 
dressings.  
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The care environment is different as well. 
In civilian settings, it is rare that patients 
remain at continued risk of serious injury 
following the initial wounding and even 
rarer that prehospital personnel are seri-
ously at risk while attempting to render 
initial care. During initial evacuation, 
however, combat casualties must often be 
left unattended (or without skilled atten-
dance) during transport. Evacuation times 
are usually significantly longer in combat 
than in civilian settings.  
 
All of these differences increase the risk 
associated with applying the standard 
treatment of civilian neck-injured casual-
ties to combat casualties, i.e., complete 
immobilization on a long backboard. 
Combat casualties thus treated would be 
exposed to serious risk of aspiration, im-
paired ventilation, and pressure sores and 
would be unable to protect themselves or 
assist in any way should there be an attack 
on their evacuation vehicle.  
 
Although it is common practice for com-
bat medics to carry a rigid cervical collar 
to treat combat casualties with a presumed 
high risk of cervical spine injury, no data 
supports this practice. It is possible that, in 
sum, there may be more risk than benefit 
from applying just a rigid cervical collar 
when compared to not applying one. 
However, rather than abandon this appar-
ently reasonable practice because of the 
lack of supportive evidence, it would seem 
sensible to continue to apply a cervical 
collar to those combat casualties at rela-
tively high risk of cervical spine injury. A 
study to determine exactly what are the 
risks and benefits of isolated cervical col-
lar application to casualties with potential 
cervical spine injury needs to be done. 
 
When the mechanism of injury is blunt 
and significant (fall from a height, motor 

vehicle or aircraft crash, etc…) and espe-
cially when the casualty has a complaint 
of neck pain and/or there are neurologic 
findings consistent with spine injury, spine 
immobilization should be carried out to 
the extent possible with available supplies 
and appropriate for the tactical and 
evacuation circumstances.  
 
It is essential that every forward area 
medical provider recognize that any casu-
alty restrained in a supine position is at 
risk of aspiration, impaired ventilation, 
and pressure sores. Further, they are en-
tirely at the mercy of others and the cir-
cumstances of the moment. During 
evacuation, an attendant skilled in basic 
airway management must be continually 
in attendance of any casualty strapped 
down or otherwise unable to protect his or 
her own airway.  
 
To prevent pressure sores, all hard objects 
must be removed from the pockets and 
from behind the casualty and, especially if 
the transport is long, the weight of the 
casualty should be periodically shifted. 
These are all reasonable guidelines that 
should be provided to prehospital combat 
medical personnel. Even in this selected 
population, the likelihood of prehospital 
care converting a spine injured, cord-
intact, patient into a cord-damaged patient 
is very small (but certainly not zero). The 
risk of this occurrence has probably been 
seriously overstated in the literature and is 
probably even lower in a population of 
young, previously healthy, unintoxicated 
military combatants. 
 
When the mechanism of injury is penetrat-
ing, the primary management focus must 
be on ensuring that the airway remains 
patent, that the patient is adequately venti-
lating, and that hemorrhage is controlled. 
Speed of evacuation to resuscitative sur-
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gery is probably the key factor in survival 
of such patients. The application of ad-
vanced airway management techniques by 
prehospital personnel to casualties with 
neck injuries, especially penetrating neck 
injuries, carries significant risk and should 
be avoided unless unequivocally indicated 
and the care provider is trained and ex-
perienced in the technique(s). Specific 
efforts to secure the cervical spine of 
casualties with penetrating neck wounds 
are likely to result in greater harm than 
benefit. This is not to suggest that the cer-
vical spine should be entirely disregarded, 
just that concerns for the cervical spine 
should not dictate management. Certainly, 
if a casualty complains of increased pain 
or develops new neurologic symptoms 
with movement, reasonable and appropri-
ate measures should be taken to stabilize 
the spine. 
 
The civilian controversy regarding clinical 
“clearing” of the cervical spine, either in 
the field, or in an emergency department, 
is probably not directly relevant to pre-
hospital combat casualty care. In most 
circumstances at or near the point of 
wounding, casualties will “clear” their 
own cervical spine if able to do so. Absent 
any specific guidelines, most combat med-
ics will use common sense to “clear” most 
casualties with neck injuries who come to 
their attention. For this reason, it would 
probably be useful to provide to combat 
medics simple guidelines for making a 
decision regarding which casualties to re-
turn to duty, which to evacuate, and which 
would likely benefit from cervical spine 
immobilization.  
 
If it is clear that a casualty with a blunt 
trauma mechanism has sustained spinal 
cord injury, the current guidelines are to 
administer high-dose methylprednisolone 
as soon as possible. In most situations, this 

should be done at the level of the Battalion 
Aid Station rather than in the field.  
 
For head injured casualties a patent air-
way, adequate ventilation, and control of 
all controllable hemorrhage are the main 
priorities. Casualties with serious head 
injuries should be transported in the lateral 
recumbent position or in the prone posi-
tion with the head turned to the side. If it 
is necessary, for any reason (such as cer-
vical spine immobilization), to transport 
such casualties in a supine position an at-
tendant with ready access to suction and 
skilled in airway management must be 
present throughout the transport.  
 
Early and adequate ventilation, oxygena-
tion and cerebral perfusion are critical.183 

All controllable hemorrhage should be 
controlled. Contrary to the approach for 
most patients with uncontrolled internal 
bleeding, head injured patients should be 
fluid resuscitated to maintain a systolic 
blood pressure above 90 mm of mercury. 
In casualties with significant hemorrhage 
and with altered mental status, head in-
jury, not hypovolemia, should be consid-
ered the cause until proven otherwise. As 
noted in the circulation chapter, most 
combat casualties in hemorrhagic shock 
have clear mental status until cerebral per-
fusion pressure drops below 70 mm of 
mercury.  
 
In managing the potentially head injured 
casualty at, or near, the point-of-
wounding, the job of the pre-hospital 
combat care provider is to identify which 
casualties may have sustained serious 
head injury, and decide which need urgent 
evacuation to the care of a neurosurgeon 
and which can be safely returned to duty. 
As circumstances permit there should be a 
low threshold for rapid evacuation of head 
injured casualties. Guidelines developed 
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to minimize head CT use in trauma vic-
tims with minor head injuries may be use-
ful in developing head injury evacuation 
guidelines and in making return-to-duty 
decisions.184, 186  
 
The critical issue in the management of 
patients with serious head injury is deliv-
ery of sufficient oxygen to meet cerebral 
metabolic needs. The forward health care 
provider achieves this by maintaining an 
adequate blood pressure, preventing all 
preventable blood loss, optimizing oxy-
genation and ventilation, insuring that 
oxygen can be off-loaded at the cellular 
level by avoiding alkalosis from excessive 
hyperventilation, and preventing and/or 
reducing cerebral edema by avoiding 
overhydration (especially with hypotonic 
solutions). The current recommendation is 
that hyperventilation should not be used 
prophylactically.179, 238   
 
Outcomes of head injured patients can 
also be improved by reducing cerebral 
metabolic demand. Temperature elevation 
should be avoided, seizures prevented 
and/or rapidly treated, and hyperglycemia 
avoided. The head of the litter of head in-
jured casualties should elevated by 15 to 
30 degrees unless the patient is in shock 
unresponsive to hemorrhage control and 
fluid resuscitation.138, 212, 214 Mannitol and 
hypertonic saline are both capable of re-
ducing cerebral edema 216-219, 222-224, 226-229, 

242 but it remains unclear how much either 
of these agents contributes of overall sur-
vival of head injured patients.229 It is still 
seems reasonable to recommend the use of 
Mannitol at the level of a battalion aid 
station to treat seriously head injured pa-
tients.  
 
Combat casualties with penetrating head 
wounds who survive the initial wounding 
apparently “travel well” and, with appro-

priate enroute care, can usually tolerate 
relatively long evacuation.17(pp101-102),76 (p384) 
Patients with serious blunt head trauma 
appear to do less well if evacuation is 
lengthy.17 (p102),147 (p52) When there is an 
expanding hematoma and increasing in-
tracranial pressure the head injured casu-
alty should be evacuated to the closest 
surgeon who can localize the lesion and 
perform surgical decompression. Patients 
who need the services of a neurosurgeon 
do best when evacuated directly to a facil-
ity with neurosurgical capability unless 
another more pressing injury takes prece-
dence.147 (p52)  
 
Although clear scientific proof is lacking 
to support the efficacy of prophylactic 
antibiotic administration by pre-hospital 
personnel to prevent central nervous sys-
tem wound infections, the weight of the 
available evidence supports such a policy. 
The specific antibiotic selected for this 
purpose should have low risks, a long 
half-life, should readily penetrate into the 
CNS, should be effective against common 
CNS pathogens, and should not have any 
special handling considerations, such as a 
requirement for refrigeration. 
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