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cervical spinal injury occurs in 2% of victims of blunt trau­
ma; the incidence is increased if the Glasgow Coma Scale score 
is less than 8 or if there is a focal neurologic deficit. Immobili· 
zation of the spine after trauma is advocated as a standard of 
care. A three-view x-ray series supplemented with computed 
tomography imaging is an effective imaging strategy to rule out 
cervical spinal injury. Seconda1'y neurologic injury occurs in 
2-10"10 of patients after cervical spinal injury; It seems to be an 
inevitable consequence of the primary injury in a subpopula­
tion of patients. All airway inrerventions cause spinal move­
ment; immobilization may have a modest effect in limiting 
spinal movement during airway maneuvers. Many anesthesiol­
ogists stare a prererence for the fiberoptic bronchoscope to 
fadIitare airway management, although there is considerable, 
favorable experience with the direct laryngoscope in cervical 
spinal injury patients. There are no outcome data that would 
support a recommendation for a particular practice option for 
airway management; a number of options seem approprlare 
and acceptable. 

lHE provision of acute medical care to patients with 
cervical spinal injuries (CSIs) is a complex, challenging, 
and rewarding task. It is also an anxiety-provoking en­
deavor because care is provided in a milieu where there 
is constant concern about medical interventions result­
ing in the conversion of a spinal injury without neuro­
logic sequelae to one in which the two are now concur­
rent. It is also a topic of continuous debate because care 
providers struggle in an environment of limited data and 
incomplete answers to try to craft clinical care para­
digms designed to optimize preservation and return of 
neurologic function, while minimizing the risk of creat­
ing additional injury and neurologic compromise. Many 
questions regarding the initial care of these patients, 
particularly as they relate to airway management, remain 
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unresolved, but there has been great effort, energy, and 
enthusiasm expended during the past two decades 
searching for these answers. This article reviews the 
literature that has been generated on the topic of aitway 
management after CSI, particularly that published in the 
past 10 yr, identifying new areas of knowledge and 
evolving practice patterns. It also attempts to address 
and resolve controversy surrounding areas of care that 
have proven more contentious, most particularly the use 
of the direct laryngoscope to facilitate direct tracheal 
intubation in these patients. 

The Adult Cervical Spine: Stability, Injury,
 
and Instability
 

Movement and Stability of the Upper Cervical Spine 
Flexion-extension occurs in the upper cervical spine 

at both the atlanto-occipital and atlantoaxial articula­
tions, and a combined 24° of motion may be achieved. 1 

Flexion is limited by contact between the odontoid pro­
cess and the anterior border of the foramen magnum at 
the atlanto-occipital articulation and by the tectorial 
membrane and posterior elements at the CI-C2 level. 
Extension is limited by the contact of the posterior arch 
of the atlas with the occiput superiorly and with the arch 
of the axis inferiorly. The distance from the posterior 
arch of the atlas to the occiput is teaned the atlanta­
Occipital gap, and a narrow atlant<H)ccipital gap has 
been cited as being a cause of difficult intubation.2 Ni­
chol and Zuce suggested that attempts to extend the 
head in patients with a narrow atlant<H)ccipital gap 
results in anterior bowing of the cervical spine, fotward 
displacement of the larynx, and a poor view during 
laryngoscopy. This concept, although offering an elegant 
anatomical explanation for the clinical experience of 
difficult laryngoscopy, has yet to be validated, and the 
truth may be simpler. Calder et al. 3 have reported that 
limited separation of the occiput from the atlas and the 
atlas from the axis yields an immobile upper spine and 
reduces both cervical spine extension and mouth open­
ing, resulting in difficult direct laryngoscopy. 

The ligaments contributing to the stability of the upper 
complex are the transverse, apical, and alar ligaments 
as well as the superior tenninations of the anterior and 
posterior longitudinal ligaments (fig. 1). In adults, the 
transverse ligament normally allows no more than 3 
rom of anteroposterior translation between the dens and 
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Cervical Spine Injury and Associated
 
Craniocerebral Trauma
 
Although it has been reported that patients with 

craniocerebral trauma had an incidence of CSI similar to 
that of the general trauma population, review of the 
large databases evolving at major trauma centers now 
dispute this finding. Holly et al. 36 reviewed 447 consec­
utive, moderately to severely head-injured patients pre­
senting to two level I trauma centers. Twenty-four pa­
tients (5.4%) had a CSI; patients with an initial Glasgow 
Coma Scale (GCS) score less than 8 were more likely to 
sustain both a CSI and a cord injury than those with 
higher scores. Demetriades et al. 37 conducted a similar 
review of all CSI patients admitted over a 5-yr period at 
a major trauma center. During the study period, there 
were 14,755 admissions and 292 patients with CSI, for 
an overall incidence of 2.0%. Again, the incidence of CSI 
varied with the GCS score, being 1.4% if the GCS score 
was 13-15,6.8% when it was 9-12, and 10.2% when it 
was less than 8. Hackl et ai. 38 used a large computerized 
database to assess the association between CSIand facial 
injuries in 3,083 patients with facial injuries. Two hun­
dred six (6.7%) of these patients had experienced a 
concomitant CSI, an incidence substantially higher than 
would be expected after blunt trauma. Blackmore et 
al. 39 reviewed their institutional experience with 472 

. patients with trauma (168 with cervical fractures, 302 
, without fractures) to delineate the clinical characteris­
tics of trauma patients with cervical fracture. The clinical 
predictors of cervical spine injury included severe head 
injury (odds ratio, 8.5; 95% confidence interval [CI], 
4 -17) and focal neurologic deficit (odds ratio, 58; 95% 
CI, 12-283). In patients with head injury, those who 
were persistently unconscious had an even higher like­
lihood of spinal injury (odds ratio, 14; 95% CI, 6-35) 
than those with head injury who were not unconscious. 
Therefore, new evidence has emerged that consistently 
suggests a higher incidence of cervical injury in patients 
who have experienced craniocerebral trauma, especially 
among those with increasing severity of craniocerebral 
injury as determined by low GCS score and unconscious­
ness. The finding of a focal neurologic deficit has been 
identified as a highly important clinical finding predict­
ing spinal injury.39 

Systemic Injuries Associated with Cervical Spine
 
InjUry
 
The majority of patients with CSI also have other 

injuries; in only 20% of instances are traumatic injuries 
restricted to the cervical spine.40 Although 2-10% of 
patients with craniocerebral trauma have CSI, 25-50% of 
patients with CSI have an associated head injury. Patients 
)with additional injuries are more likely to experience 
'hypoxia and hypotension, both of which may not only 
prompt urgent airway intervention, but may also predis­
pose to secondary neurologic injury. There is data to 
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suggest reduced neurologic recovery and increased mor­
tality in cord-injured patients who have concurrent in­
jury. It is not clear whether these patients experienced 
more severe primary injury or whether they are more 
likely to experience secondary injury leading to the 
poorer outcome. 

Defining tbe Low-risk Trauma Patient 
The National Emergency X-Radiography Utiliza­

tion Study. The majority of patients who have experi­
enced a blunt traumatic injury do not have a CSI. Enor­
mous resources are currently expended to clear the 
spine (determine the absence of injury when injury does 
not exist) in these patients. The NEXUS project at­
tempted to derive a set of clinical criteria to identify 
blunt trauma victims at low risk for CSI.41 The decision 
instrument required patients to meet five criteria to be 
classified as having a low probability of injury: (1) no 
midline cervical tenderness; (2) no focal neurologic def­
icit; (3) normal alertness; (4) no intoxication; and (5) no 
painful, distracting injury. Distracting injuries were de­
fined as including long bone fractures; visceral injuries 
requiring surgical consultation; large lacerations; bums; 
degloving or crush injuries; or any injury that might 
impair the patient's ability to participate in a general 
physical, mental, or neurologic examination. The deci· 
sion instrument was applied to 34,069 patients and iden­
tified as high risk all but 8 of the 818 patients who had 
a CSI (sensitivity, 99%; 95% CI, 98-99.6%). The negative 
predictive value was 99.8% (95% CI, 99.6-100%), 
the specificity was 12.9%, and the positive predictive 
value was 2.7%. Only two of the eight patients missed 
by the screening protocol had a clinically significant 
injury. In the NEXUS study, plain radiographs alone 
revealed 932 injuries in 498 patients but missed 564 
injuries in 320 patients.42 The majority of missed in­
jUries (436 injuries in 237 patients) occurred in cases 
in which plain radiographs were interpreted as abnor­
mal (but not diagnostic of injury) or inadequate. How­
ever, 23 patients had 35 injuries (including three po­
tentially unstable injuries) that were not visualized on 
adequate plain film imaging. In the absence of all five 
clinical risk factors identified by the NEXUS study as 
predicting an increased risk of CSI, the likelihood of a 
significant injury is low. The practice of withholding 
imaging for patients who meet these exclusionary 
criteria has been endorsed by recent neurosurgical 
guidelines.43 

The Canadian C-Spine Rule for Radiography after 
Trauma. The Canadian CT Head and Cervical Spine 
Study Group attempted to derive an optimally sensitive 
clinical decision rule to allow for selectivity in the use of 
radiography in alert and stable trauma patients. 12 A pro­
spective cohort study was conducted in 10 large Cana­
dian hospitals and included 8,924 consecutive adult pa­
tients presenting to emergency departments after 
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sustaining acute blunt trauma to the head or neck. Pa­
tients were eligible for enrollment if they were alert 
(GCS of 15), if they had stable vitals signs, and if they had 
either neck pain after injury or had no neck pain but 
visible injury above the clavicles after a dangerous mech­
anism of injury. The patients were assessed using 20 
standardized clinical findings from the history, gener.u 
physical examination, and an assessment of neurologic 
status. Patients then underwent diagnostic imaging at 
the discretion of the treating physician; this imaging 
consisted of a minimum of three views of the cervical 
spine. 

Among the study sample, 151 patients (1.7%) had an 
important cervical injury. The resultant rule that was 
derived comprises three questions: (1) Is there any high­
risk factor present that mandates radiography? (2) Are 
there lOW-risk factors that would allow a safe assessment 
of a range of motion? and (3) Is the patient able to 
actively rotate the neck 45° to the left and to the right? 
When applied to the study population, the derived rule 
had 100% sensitivity and 42.5% specificity for identifying 
patients with clinically important injuries. The rule also 
identified 27 of 28 patients with clinically unimportant 
cervical injuries (primarily avulsion fractures), defined as 
those not requiring stabilization or follow-up. 

The NEXUS Low-Risk Criteria were compared prospec­
tively with the Canadian C-Spine Rule in 8,283 patients 
presenting to Canadian hospital emergency departments 
after trauma.44 Two percent of patients had clinically 
important cervical injuries, and the e-Spine Rule was 
both more sensitive than the NEXUS criteria (99.4% vs. 
90.7%) and more specific (45.1% vs. 36.8%) for injury. 
The e-Spine Rule would have missed one patient, and 
the NEXUS criteria would have missed 16 patients with 
important injuries. 

Strategies to define a low-risk clinical population con­
tinue to evolve. It must be emphasized that the primary 
focus and utility of these strategies is to allow for selec­
tive use of diagnostic imaging in patients who have a 
low-risk of injury, thus reducing imaging use and patient 
exposure, conserving resources, and allowing for expe­
dited and simplified care for this patient group. A criti­
cism leveled at the NEXUS protocol is that application 
would have a limited impact in reducing imaging be­
cause only 12.9% of patients presenting after trauma 
would be deferred; most would not meet at least one 
deferral criteria.45 Application of the C-Spine Rule would 
allow for the exclusion of 42.5% of trauma patients from 
radiographic imaging. The original rationale for the der­
ivation of the protocols, to provide more efficient care 
and conserve imaging resources, is satisfied to a very 
limited degree by the NEXUS protocol but to a greater 
degree by the GSpine Rule. Application of either proto­
col will still demand imaging in a large portion of the 
trauma patient population at low risk for CSI. 

There will be a small population of patients presenting 
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for urgent surgical intervention after minor injury who 
are fully evaluable using either the NEXUS criteria 
(12.9%) or the C-Spine Rule (42.5%); it is likely not 
necessary to delay surgery to clear the cervical spine of 
these patients with detailed imaging. Unfortunately, 
many patients presenting for urgent operative interven­
tions after trauma will manifest more severe injuries; it 
will not be possible to clinically rule out injury in this 
patient cohort, and they will still require diagnostic im­
aging. As well, application of these protocols is compli­
cated by the fact that there is a lack of agreement on the 
definitions of both distracting injUry and intoxication. 
Failure to appreciate the degree of both distraction and 
intoxication may reduce the clinical index of suspicion 
for injury, resulting in missed diagnosis. 

Patterns ofPractice in Evaluating and Clearing tbe 
Ceroical Spine after Trauma 
Two authors have recently reported descriptions of 

patterns of practice in the United States and the United 
Kingdom obtained through postal surveys regarding 
evaluation and clearance of the cervical spine after trau­

46ma. ,47 Grossmann et al.46 surveyed 165 US trauma 
centers and reported that between 26 and 73% had 
written protocols for cervical spine clearance after 
trauma. It was more common for level I and academic 
centers to have protocols. In most instances where a 
protocol existed, it also described the radiographic ap­
proach to clearance; most centers did not consider that 
either computerized tomography (CI) or MRI was the 
standard of care in this setting. The use of a five-view 
series was moderately prevalent in response to specific 
scenarios, and the problem of visualizing the cervicotho­
racie junction was dealt with in most centers (68%) using 
an axillary/swimmer's radiographic view. For patients 
with a head injury who are comatose or who have 
altered mental status and who have nonnal plain films, 
21% of level II and 10% of level I centers advocated 
removal of the cervical collar without further testing 
beyond a five-view series. 

Jones et al47 surveyed 27 United Kingdom neurosur­
gical and spine injury units to determine the methods of 
cervical spine clearance used in unconscious, adult 
trauma patients and the point at which immobilization 
was discontinued. Most centers did not have either a 
written protocol to petfonn clearance or one regarding 
discontinuing cervical immobilization 08%). All units 
relied to some degree on plain radiography for clear­
ance; 10 units (37%) petfonned only a single lateral view 
as the initial evaluation, and the remainder petfonned 
two more views. Five units routinely used CT imaging, 
and 17 units (63%) made no use of cr to screen for 
cervical injury. If the initial investigations were nonnal, 
12 units (44%) would discontinue immobilization, and 
10 units continued it until the patient could be evaluated 
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clinically irregardless as to the results of the screening 
imaging. 

The Eastern Association for the Surgery of Trauma 
recently reported the results of a sUlVey of 31 large 
American and Canadian trauma centers. t Centers were 
asked to identify their routine practice for determining 
cervical spinal stability in obtunded or comatose patients. 
Twenty-four centers (J7%) reported using three views of 
the cervical spine (lateral, odontoid, and antero-posterior 
views) supplemented by CT through suspicious or poorly 
visualized areas. Three centers (9.7%) relied on three views 
only, and three centers (9.7%) added a swimmer's view to 

visualize the lower cervical spine and the cervicothoracic 
junction. 

There is considerable variation in the approach that 
different centers take in the performance of radiographic 
evaluation of at-risk patients, making the determination 
that the spine has been cleared, and reaching the deci­
sion that immobilizing devices can be safely removed. 
The most common pattern of practice in North Ameri­
can centers is to rely on multiple (at least three views) 
plain radiographs; the use of supplementary cr is also 
common. 

Radiographic Assessment after Blunt Trauma: 
Evolving a Best Practice 
An evaluative approach that would provide timely and 

accurate assessment of cervical stability in patients who 
may not be reliably examined clinically so that immobi­
lizing devices can be safely removed is desirable. This 
would minimize the potential for sequelae related to 
prolonged immobilization. The reader is referred to 
three excellent reviews on the topic of evaluating and 
clearing the cervical spine in high-risk patients; these 
reviews form the basis of the subsequent discus­
sion.45.48,49 

The cross-table lateral radiograph, of acceptable qual­
ity and interpreted by an expert, will disclose the major­
ity of injuries. However, the sensitivity of the cross-table 
view is such that up to 20% of patients with cervical 
injury will have a normal study. Half of cross-table views 
are deemed inadequate to properly assess the entire 
cervical anatomy; injuries at both the craniocervica1 and 
the cervicothoracic junctions are often not well visual­
ized in the cross-table view. Too many injuries are 
missed when only a cross-table view is used for it to be 
considered an acceptable study to rule out injury in a 
high-risk patient. The sensitivity of three views (cervical 
series) apprOximates 90%; the cervical series was long 
regarded as an acceptable radiologic evaluation in pa­
tients deemed at risk for CSI. Similar technical concerns 

t Eastern Assodation for the Surgery of Trnuma: Determination of cetvical 
spine stability in uauma patients. Winston-salem, Nonh Carolina, EAST, 2000. 
Available at: www.east.orgltpglchap3u.pdf. Accessed October 27, 2005. 
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apply to the cervical series as to the cross-table lateral 
view with respect to both anatomical limitations at the 
cervical junctions and inadequate studies being issues. It 
is estimated that 1% of clinically important injuries will 
be missed even with a technically adequate cervical 
series. 

A three-view cervical series supplemented by cr 
through areas that are either difficult to visualize or 
suspicious on plain radiography will detect most spinal 
injuries. The negative predictive value of this combina­
tion of studies is reported to be 99 -100% in several class 

48II and III evidence studies. 45• ,49 In the obtunded pa­
tient with a normal cervical series and appropriate sup­
plemental cr of the cervical spine, the incidence of 
significant spine injury is less than I%. High-resolution 
cr scanning with sagittal reconstruction of the entire 
cervical spine rather than directed scanning of only at­
risk areas may be even more effective in capturing vir­
tually all injuries. 

The use of MRI in addition to plain radiography and 
supplemental cr has been advocated to perfonn spinal 
clearance; the significance of a positive MRI study in the 
setting of negative cr imaging is currently unclear be­
cause many false-positive findings are reported with 
MRI. As well, MRI is less sensitive than CT for injuries in 
the upper and posterior cervical spine. Shuster et aI.50 

studied the role of MRI in assessing the spines ofpatients 
with persistent cervical pain and no motor deficits after 
trauma when the CT imaging was negative for injury. 
Ninety-three patients (3.4%) had a normal admission 
motor examination, a cr result negative for trauma, and 
persistent cervical spine pain; they underwent MRI ex­
amination. All MRI examinations were negative for clin­
ically significant injury, and no patient subsequently ex­
perienced a neurologic deterioration. Hogan51 assessed 
the role of magnetic resonance imaging in 366 obtunded 
or unreliable patients who had normal cr imaging after 
trauma. Magnetic resonance images were negative for 
acute injury in 354 of 366 patients; the most common 
injury seen was a cervical cord contusion, identified in 7 
patients. Magnetic resonance images were also negative 
for spinal ligament injuries in 362 of 366 patients; 4 
patients had ligament injuries, but in all cases, the injury 
was limited to the ligaments of a single column. cr had 
negative predictive values of 98.9% for ligament injury 
and 100% predictive value for unstable cervical injury; 
MRI identified a small number of patients with ligament 
injuries not diagnosed with cr, but none of these were 
deemed to be unstable injuries. 

In summary, in a patient at high risk for cervical injury, 
who cannot be evaluated clinically, a three-view cervical 
series supplemented by high-resolution cr scanning 
with sagittal reconstruction will reduce the likelihood of 
an occult fracture to less than 1%. After a technically 
adequate imaging series has been reviewed and cleared 
by a radiologist, it is prudent to remove cervical immo­



1302 EDWARD T. CROSBY 

bilization. If there is evidence of a neurologic deficit 
referable to the cervical spine despite the finding of 
normal cervical radiography and CT imaging, MRI should 
be considered. 

Spinal Ligament Injuries and Spinal Cord Injury 
without Radiographic Abnormality 
Spinal ligament injuries are of particular concern be­

cause of the high incidence of resultant spinal instability, 
the potential for cord injury, and the hemodynamic 
instability common at presentation in this subpopuIa­
tion. In Demetriadesd7 review of CSI patients admitted 
during 5 yr to a major trauma center, 31 patients (10.6%) 
had a ligament injury (subluxation without fracture), and 
11 patients (3.8%) had an isolated spinal cord injury 
without fracture or subluxation (spinal cord injury with­
out radiographic abnormality [SCIWORA]). Of the 31 
patients with ligament injury, one third required tracheal 
intubation before clinical evaluation of the spine was 
completed. Of the 11 patients with spinal cord injury 
without radiographic abnormality, 27.3% required intu­
bation before spinal evaluation occurred. The diagnosis 
of cord injury was made on admission in only 5 patients 
(45.5%) with spinal cord injury without radiographic 
abnormaIity. In 3 patients, the neurologic examination 
on admission was normal, and neurologic deficits ap­
peared a few hours later. In the remaining 3 patients (2 
intubated, 1 intoxicated), the diagnosis was missed ini­
tialIy. Patients who required urgent airway intervention 
were less likely to have had a complete neurologic eval­
uation and were more likely to have neurologic injury 
than those who did not require urgent interventions. 
Chiu et al. 52 also investigated the incidence of cervical 
spinal ligament injury in 14,577 blunt trauma victims. Six 
hundred fourteen patients (4.2%) had CSI, and 87 (14% 
of CSI) had dislocation without evidence of fracture. 
There were 2,605 (18%) patients who could not be 
assessed for symptoms, and 143 (5.5%) of these unreli­
able patients had a CSI; 129 (90%) had a fracture, and 14 
had no fracture. 

Trauma patients with greater severity of injury are 
more likely to have had a CSI; clinical evaluation is more 
difficult in these patients, typically because of depressed 
consciousness. Patients with ligament injury of the cer­
vical spine without fractures frequently require urgent 
intubation, and not uncommonly, clinical evaluation is 
either not possible or not complete at the time that 
intervention is required; delay in the diagnosis of injury 
is common in these patients. 

Failure to Diagnose Cervical Spine InjUry at Initial 
Assessment: Factors and Consequences 
Patients with decreased mental status from trauma, 

alcohol, or drugs and patients with other painful or 
distracting injuries have an unreliable history and 
physical examination for CSI; patients with these char-
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acteristics have spinal injuries that are also more likely 
to be missed on initial presentation. The commonest 
reasons for missed diagnosis are failure to obtain 
radiographs, poor quality of the imaging study, or 
misinterpretation of the radiographs.9 

•
10 Inadequate 

radiographic studies are more likely in patients with 
hemodynamic compromise on admission or in those 
patients urgently requiring intervention for operative 
treatment of associated injuries. Unfortunately, missed 
injuries are often unstable, and secondary neurologic 
lesions occur in 10 - 29% of patients whose injuries are 
not diagnosed at initial evaluation.9 

•
IO Failure to im­

mobilize the spine in patients whose injuries are 
missed at the initial assessment is considered to be a 
leading cause of secondary injury. 

Poonnoose et al 53 conducted a detailed review of the 
experience of a specialty spinal cord injury unit to de­
termine both the incidence of missed injury and the 
clinical mismanagement that occurred in the setting of 
missed injury. The medical records of 569 patients with 
neurologic deficits secondary to traumatic spinal cord 
injury were reviewed. In 52 instances (9.1%), the diag­
nosis was initially missed, and 26 of these patients (50%) 
had evidence of neurologic deterioration after admission 
to care. The median time to recognition of the injury was 
4 days. Therapeutic interventions were performed in 34 
patients that were deemed inappropriate to their condi­
tion before the diagnosis was made. In 19 patients, there 
were significant neurologic findings present on initial 
assessment, and in 7, the initial neurologic deficit was 
minimal. Nine patients eventually developed paralysis, 
and 6 died with the deaths attributed to the delay in 
diagnosis. Again, the major cause for delayed diagnosis 
was related to radiographic assessments: In 18 cases, the 
initial images were of poor quality; in 11 patients, the 
area of concern was not adequately visualized; in 10 
cases, an obvious fracture was missed; in 11 cases, facet 
joint malalignment was not recognized; and in 10 cases, 
prevertebral hematoma went undetected. It was com­
mon for the clinicians to consider the spine cleared 
when the radiographs "failed" to reveal injury and to 
attribute neurologic findings to either preexistent con­
ditions (e.g., ankylosing spondylitis) or peripheral trau­
matic injuries. As well, 7 patients with evidence of neu­
rologic deficits were initially labeled as "hysterical" and 
not managed as at-risk. 

It is unfortunately the case that patients with CSI are 
frequently not correctly diagnosed at the time of initial 
presentation.9 ,10.53.54 This may occur in a small percent­
age of CSI patients because the injury is a ligamentous 
one and the screening imaging seems on initial review to 
be negative.37•

54 However, it more commonly occurs 
because there is a low index of suspicion for injury 
despite high-risk mechanisms, inadequate radiographic 
studies are deemed acceptable, and neurologic signs or 
symptoms are either attributed to other causes or ig­
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nored entirely. Delayed diagnosis is associated with a 
very high incidence of secondary injury, and the magni­
tude of that injury is often considerabley,IO,53.54 

Secondary Neurologic Injury after Cervical Spine 
Injury 
Secondary injury may be precipitated in CSI victims 

when management is suboptimal, and in particularwhen 
the injured spine is not immobilized. However, there is 
also evidence that neurologic deterioration occurs after 
acute injury despite appropriate management para­
digms; the reported incidence of neurologic deteriora­
tion in this setting ranges from 2 to 10%.55 Frankel56 

reported the occurrence of an ascending myelopathy 
2-18 days after spinal cord injury despite appropriate 
clinical management. Only patients with ascension of 
injury level of at least four levels were included in this 
analysis; despite the high threshold for inclusion, this 
magnitude of secondary injury occurred in 1% of 808 
patients admitted to the center. Frankel attributed the 
deterioration to either vascular catastrophes (arterial in­
sufficiency or venous thrombosis) or inflammation: this 
report predated MRI, so no imaging is available in these 
patients to support the clinical conjecture. Marshall et 
al. 55 reported a prospective study assessing neurologic 

. deterioration in cord-injured patients conducted in five 

. US trauma centers. Deterioration occurred in 4.9% of 
patients and was consistent across the five centers. Al­
though the deterioration was often associated with a 
specific intervention (surgery in 4 patients, traction ap­
plication in 3, halo vest application in 2, Stryker frame 
rotation in 2, and rotobed rotation in 1), there was no 
evidence that these procedures were performed poorly 
or that they could have been performed in an altered 
fashion to prevent the deterioration. There were 375 
such interventions recorded among the 283 patients. 
The authors concluded that deterioration is an inevitable 
consequence of providing care to cord-injured patients 
and will occur in some patients despite acceptable care 
practices. 

Fanner et al 57 reported the experience of a US re­
gional spinal cord center regarding neurologic deterio­
ration after cervical cord injury. Deterioration was evi­
dent in 1.84% of 1,031 patients assessed. The average 
time from injury to deterioration was 3.95 days, and 
deteriorations were associated with early surgery « 5 
days after injury), sepsis, ankylosing spondylitis, and 
tracheal intubation. Tracheal intubation was associated 
with two minor and two major deteriorations, but no 
further details were offered regarding this cohort; it is 
possible that the intubation was necessitated by the 
Ineurologic deterioration and not the cause of it. In the 
patients who experienced deterioration and SUrvived, 
92% of patients eventually had improvement in their 
neurologic status. Harrop et al58 analyzed the cases of 
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12 of 186 patients (6%) with acute traumatic cord inju­
ries who demonstrated neurologic ascension within 30 
days after injury. Three subgroups were defined: an early 
deterioration group who worsened within 24 h, a de­
layed deterioration group (1-7 days), and a late (beyond 
7 days) deterioration group. Two patients in the late 
group had vertebral artery injury; vertebral artery injury 
is common after midcervical injury, and its clinical sig­
nificance is uncertain.59,60 

Yablon et al.61 described 14 cases of ascending my­
elopathy (involving 1-4 levels) that occurred in the first 
4 weeks after injury. These cases were attributed to 
spinal cord edema; MRI studies demonstrated evidence 
of this as well as diffuse intrathecal hemorrhage. Be­
langer et at.62 identified a similar occurrence of ascend­
ing myelopathy, which they labeled as subacute post­
traumatic ascending myelopathy, occurring within the 
first 2 weeks after injury. This syndrome occurred in 
three patients who experienced neurologic deteriora­
tion with a secondary injury ascending six or more levels 
(6, 9, and 17 levels) from the initial level after an un­
eventful eatly course. No etiologic factors could be iden­
tified. In all three patients, T2 weighted MRI studies 
revealed a high signal intensity located centrally within 
the cord and extending rostrally from the site of injury. 
T2-weighted images are sensitive to the presence of 
edema and effectively distinguish pathologic from nor­
mal tissue; the high signal intensity identified indicates 
injury and edema. 

The above reports suggest that there is a progressive 
postinjury course in some patients leading to a second­
ary neurologic injury and ascension of injury level, some­
times to a striking degree. In some instances, this dete­
rioration has been associated with clinical interventions, 
including immobilization, traction, surgery, intubation, 
and sepsis. In other instances, no clear factors are asso­
ciated, and in particular, both extrinsic cord compres­
sion and vascular interruptions have been excluded. This 
syndrome, when witnessed early in the course after 
injury, has usually been attributed to vascular perturba­
tions or cord edema and inflammation; MRI studies have 
been consistent with this attribution. More recent work 
has also suggested a role for apoptosis in the causation 
and progression of ascending myelopathy.63 A diagnosis 
of ascending myelopathy must be considered when a 
secondary injury has occurred; there is natural tempta­
tion to attribute the deterioration to temporally related 
clinical interventions but, in fact, these interventions are 
rarely associated with neurologic sequelae. Progressive 
neurologic injury after CSI may be inevitable in some 
patients because of pathophysiologic processes initiated 
at the time of the application of the injuring forces and 
may occur despite the provision of appropriate manage­
ment paradigms and interventions. 
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Clinical Care of the Spine-injured Patient 

Spinal Immobilization in Trauma Patients: The 
Overoiew 
During the past 30 yr, the neurologic starns of spinal 

cord-injured patients arriving in emergency depart­
ments has dramatically improved, and the odds of dying 
during the first year after injury have been significantly 
reduced.64 ,65 The improvement in the neurologic starns 
of patients has been attributed to improved initial care 
and retrieval systems, recognition of the importance of 
instituting prehospital spinal immobilization, maintain­
ing immobilization until clearance is obtained or defini­
tive therapy is applied, and hospital practices designed 
to prevent secondary injury. The routine use of spine 
immobilization for all trauma patients, particularly those 
with a low likelihood of spinal injury, has been chal­
lenged on the basis that it is unlikely that all patients 
rescued from the scene of an accident or site of trau­
matic injury require spine immobilization.66 A Cochrane 
systematic review also concluded that the impact of 
immobilization on mortality, neurologic injury, and spi­
nal stability was uncertain and that direct evidence link­
ing immobilization to improved outcomes was lacking.67 

The Cochrane review further concluded that the poten­
tial for immobilization to actually increase morbidity or 
mortality could not be exclUded based on a review of the 
literature. However, the current consensus among ex­
perts remains that all patients with the potential for a CSI 
after trauma should be treated with spinal column im­
mobilization until injury has been excluded or definitive 
management for CSI has been initiated.64 

The benefits, consequences, and sequelae of spinal 
immobilization in at-risk patients have been recently 
analyzed, and the reader is referred to these reviews for 

68more detailed discussions.64
• •

69 The chief concern dur­
ing the initial management of patients with potential CSI 
is that neurologic function may be further compromised 
by pathologic motion of the injured venebrae. Manage­
ment of the potentially traumatized spine emphasizes 
three principles: (1) restoration and maintenance of spi­
nal alignment, (2) protection of the cord with preserva­
tion of intact pathways, and (3) establishment of spinal 
stability. To achieve these principles, immobilization of 
the cervical spine before radiographic assessment and 
clearance is the accepted standard of care. The rationale 
behind early immobilization is the prevention of neuro­
logic injury in the patient with an unstable spine. Insti­
tution of a clinical care paradigm that fearnres immobi­
lization as a core element has resulted in improved 
neurologic outcomes in spine-injured patients during the 
past three decades.64,65 Failure to immobilize in the 
context of missed or delayed diagnosis is also associated 
with an increased incidence of neurologic injury.9,10,53 
Lack of immobilization has been cited as a cause of 
neurologic deterioration among acutely injured trauma 
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patients being transponed to medical facilities for defin­
itive care.70 

A number of complications to prolonged immobiliza­
tion have been identified.64,68,69 Cutaneous ulcerations 
(pressure sores) are common, and the incidence in­
creases when immobilization is prolonged beyond 
48-72 h. Airway management, central venous access 
and line care, provision of oral care, enteral nutrition, 
and physiotherapy regimes are all made more difficult 
when immobilization must be maintained. The need for 
multiple staff to allow for safe positioning and transfer of 
immobilized patients makes barrier nursing more diffi­
cult and may result in higher rates of cross-contamina­
tion and infection in high-dependency units. 

The application of cervical collars has also been asso­
ciated with increased intracranial pressure (ICP) in both 
injured patients and healthy volunteers. Davies71 pro­
spectively analyzed ICP in a series of injured patients 
treated with a rigid collar. The ICP increased a mean of 
4.5 mmHg when the collar was finnly in place. Kolb72 

also examined changes in ICP after the application of a 
rigid Philadelphia collar in 20 adult patients. ICP aver· 
aged 17.68 em H20 initially and increased to an average 
of 20.15 em H20 after collar placement. Although the 
difference in ICP of 2.47 rom H20 was statistically sig­
nificant, it remains uncertain that it has clinical rele­
vance, Nonetheless, this modest increase in pressure 
may be magnified in patients who already have increased 
ICP and poor intracranial compliance. The potential for 
complications should not discourage the use of immobi­
lization where indicated. Rather, because many of the 
complications are time dependent, they should encour­
age attempts to promptly assess the patient for cervical 
injury to expedite the discontinuance of immobilization 
in those patients whose spines can be cleared. 

Techniques and Devices for Preadmission Spinal 
Immobilization 
The position in which the injured spine should be 

placed and held immobile, the "neutral position," is 
poorly defined. De Lorenzo et al.,73 in an MRI study of 19 
adults, found that 2 em of occiput elevation produced a 
favorable increase in spinal canal/spinal cord ratio at the 
C5 and c6 levels, a region of frequent unstable cervical 
spine injuries. Podolsky et al.74 evaluated the efficacy of 
cervical spine immobilization techniques. Hard foam and 
hard plastic collars were better at limiting cervical spine 
motion than soft foam collars, although the use of collars 
alone did not effectively restrict spinal motion. The use 
of sandbag-tape immobilization was more effective at 
reducing spinal movement than any of the other individ­
ual methods tested. Adding a Philadelphia collar to the 
sandbag-tape construct reduced neck extension but had 
no effect on any other motion of the cervical spine. 
These authors found that sandbags and tape combined 
with a rigid cervical collar was the most effective con­
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struct of those evaluated to limit cervical spine motion, 
restricting movement to approximately 5% of the normal 
range. The sandbag-tape- backboard- collar and varia­
tions thereof have become the most commonly used 
extrication and transport assembly in prehospital trauma 
care to provide spinal immobilization. 

Bednar7s assessed the efficacy of soft, semirigid, and 
hard collars to immobilize the neck in a destabilized 
elderly cadaver model. Bednar's experiment involved 
creation of unstable motion segments at the C3-C4, 
C4 -C5, or C5-C6 levels; isolated posterior column, com­
bined column, and then anterior column injuries were 
sequentially assessed. Soft, semirigid, and rigid collars 
were used in an attempt to restrict neck movements, and 
then the spines were subjected to unrestrained gravita­
tional forces with flexion, lateral side-bending, and ex­
tension. The collars were not effective in reducing spinal 
movement; in fact, there was evidence for increased 
spinal movement. Bednar hypothesized that the in­
creased movement resulted from the levering of the 
mobile head and proximal cadaver neck over the collar 
edge. The model described allowed for the application 
of forces that would rarely be applied or permitted in 
clinical settings but did emphasize the very limited role 
that collars would play in limiting spinal movement if the 
spine were subjected to very hostile forces. 

Goutcher and Lochhead76 measured maximal mouth 
opening (interincisor distance) in 52 volunteers, before 
and after the application of a semirigid cervical collar. 
Three collars were assessed: the Stifneck (Laerdal Medi­
cal Corp., Wappinger's Falls, NY), the Miami ] (Jerome 
Medical, Moorestown, NJ) and the Philadelphia (phila­
delphia Cervical Collar Co., Thorofare, NJ). Application 
of a collar significantly reduced interincisor distance 
from a mean of 41 ::!:: 7 rom in the control state to 26 ± 
8 rom with the Stifneck, 29 ± 9 rom with the Miami], 
and 29 ± 9 mm with the Philadelphia. There was a wide 
variation between subjects, and a significant proportion 
had an interincisor distance reduced to less than 20 rom 
after application of the collar (Stifneck, 25%; Miami], 
21%; Philadelphia, 21%). Goutcher and Lochhead con­
cluded that the presence of a semirigid collar signifi­
cantly reduced mouth opening and would likely often 
interfere with airway management; removal of the ante­
rior portion of the collar before attempts at tracheal 
intubation was encouraged by these authors. 

Manual In-line Immobilization 
The goal of manual in-line immobilization (MIll) is to 

apply sufficient forces to the head and neck to limit the 
movement which might result during medical interven­
tions, most notably, airway management. MILl is typi­

)cally provided by an assistall.t positioned either at the 
head of the bed or, alternatively, at the side of the 
stretcher facing the head of the bed. The patient is 
positioned supine with the head and the neck in neutral 
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position. Assistants either grasp the mastoid processed 
with their fingertips and cradle the occiput in the palms 
of their hands (head-of-bed assistant) or cradle the mas­
toids and grasp the occiput (side-of-bed assistant). When 
Mill is in place, the anterior portion of the cervical collar 
can be removed to allow for greater mouth opening, 
facilitating airway interventions. During laryngoscopy, 
the assistant ideally applies forces that are equal in force 
and opposite in direction to those being generated by 
the laryngoscopist to keep the head and neck in the 
neutral position. 

Avoiding traction forces during the application of MILl 
may be particularly important when there is a serious 
ligamentous injury resulting in gross spinal instability. 
Lennarson et al.77 noted excess distraction at the site of 
a complete ligamentous injury when traction forces 
were applied for the purposes of spinal stabilization 
during direct laryngoscopy. Similarly, Kaufmann et at.7s 

demonstrated that in-line traction applied for the pur­
poses of radiographic evaluation resulted in spinal col­
umn lengthening and distraction at the site of injury in 
four patients with ligamentous disruptions. Bivins et 
al.79 reported that traction applied during orotracheal 
intubation in four victims of blunt traumatic arrest with 
unstable spinal injuries resulted in both distraction and 
posterior subluxation at the fracture site. It is possible 
that the fracture site distraction that was observed re­
sulted from application of traction forces not appropri­
ately axially aligned. 

Majemick etal.80 demonstrated that MIll reduced total 
spinal movement dUring the process of laryngoscopy 
and tracheal intubation; movement was not reduced to a 
similar degree by collars. Similarly, Watts et al.81 mea­
sured a reduction of spinal movement with the applica­
tion of MILl during tracheal intubation in patients with 
normal spines during general anesthesia. However, Len­
narson et aI.82 were unable to demonstrate that applica­
tion of MIll resulted in any significant reduction in 
movement during intubation in a cadaver model with a 
posterior column injury. In a cadaver model with com­
plete ligamentous instability, Lennarson et aI.77 reported 
that application of MILl minimized distraction and angu­
lation at the injured level but had no effect on subluxa­
tion at the site of injury. 

Manual in-line immobilization may be effective in re­
ducing overall spinal movements recorded during airway 
maneuvers but may have lesser restraining effects at the 
actual point of injury. This may be because spinal move­
ment is restricted by the weight of the torso at the caudal 
end and the MIll forces at the cephalad end but is 
unrestricted by any force at its cervical midpoint. It is 
possible that application of traction forces during MILl 
would also reduce midcervical movement in some pa­
tients, but traction forces may also result in distraction at 
the site of injury; the use of such forces during applica­



1306 EDWARD T. CROSBY 

tion of in-line immobilization continues to be discour­
aged. 

Impact ofMIll on the View Obtained at
 
laryngoscopy
 
The application of Mill during airway maneuvers may 

result in decreases in overall spinal movement, but the 
evidence also suggests modest, ifany, effect at individual 
motion segments.77

•
82 However, the use of MIll may 

have lesser impact on the view obtained during direct 
laryngoscopy than relying on other immobilization tech­
niques, such as axial traction or a cervical collar, tape, 
and sandbags. Heath83 examined the effect on laryngos­
copy of two different immobilization techniques in 50 
patients. A grade 3 or 4 laryngoscopic view (partial or no 
view of the glottic structures) was obtained in 64% of 
patients immobilized with a collar, tape, and sandbags 
compared with 22% of patients stabilized with MIll. The 
laryngeal view improved by one grade in 56% ofpatients 
and by two grades in 10% when MIll was substituted for 
the collar, tape, and sandbags. The main factor contrib­
uting to the increased difficulty of laryngoscopy when 
patients were wearing cervical collars was reduced 
mouth opening. Gerling et al84 reported the findings of 
an analogous study using a cadaver model with a C5-C6 
destabilization and arrived at similar findings. MIll al­
lowed less spinal movement than did cervical collar 
immobilization during laryngoscopy and intubation and 
was assodated with improved laryngeal visualization. 

Hastings and Wood85 measured the degree of head 
extension required to expose the arytenoid cartilages 
and glottis and determined the impact of applied MILl. 
The subjects were 31 anesthetized patients (24 study, 7 
control) with nonnal cervical spines and Mallampati 1 
views on preoperative airway assessment. Two methods 
of immobilization were assessed. Either axial traction 
was applied, wherein the assistant pulled the head in a 
caudal to cephalad direction as strongly as he or she 
thought was necessary to immobilize the neck, or force 
was applied to the head in a downward direction to hold 
the head onto· the table. Without stabilization, the best 
view of the glottis was achieved with 10°-150 of head 
extension. Head immobilization reduced extension an­
gles of 4°_5° compared with no stabilization, and it was 
more effective than axial traction immobilization in lim­
iting extension. In 4 of the 24 study patients (17%), 2 in 
each immobilization group, the laryngoscopic view de­
teriorated from grade I or IT to grade m with the appli­
cation of immobilizing forces. Therefore, the use of MIll 
reduced the amount of head extension that was neces­
sary for laryngoscopy but resulted in a poorer view in a 
portion of the patients studied. 

Although MILl seems to have the least impact of all 
immobilization techniques on airway management, it 
may make direct laryngoscopy more difficult in some 
patients than ifno immobiliZing forces are being applied. 
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Nolan and Wilson86 assessed the impact of MILl with 
cricoid pressure on the view obtained at laryngoscopy in 
157 normal patients and compared it with the view 
obtained in the same patients while in the sniffing posi­
tion. With application of MILl and cricoid pressure, the 
view remained the same in 86 patients (54.8%), was 
worse by one grade in 56 (35.6%), and was worse by two 
grades in 15 (9.5%). A grade 3 view (partial glottic view) 
was obtained in 34 restrained patients (21.6%) compared 
with 2 (1.3%) in the sniffing position. Wood et al87 also 
studied the effect of cervical stabilization maneuvers on 
the view obtained at laryngoscopy in 78 uninjured, elec­
tive surgical patients and concluded that cervical immo­
bilization commonly worsened laryngoscopic view. The 
effects of Mil.I on laryngeal view were in a similar direc­
tion to those reported by Hastings but occurred more 
commonly in Wood's study. Anterior laryngeal or cricoid 
pressure often improved the view of the larynx when 
the neck was immobilized. Concern has been expressed 
in the past regarding the use ofanterior cervical pressure 
in patients at risk for CSI, but Donaldson etal88 reported 
that application of cricoid pressure did not result in 
movement in an injured upper cervical spine in a ca­
daver model. 

Manual in-line immobilization may have lesser impact 
on airway interventions than do other forms of immobi­
lization. The experience supports routinely removing at 
least the anterior portion of collars to facilitate airway 
interventions provided that cervical spinal immobiliza­
tion is maintained by MILl. Removal of the anterior 
portion of the collar improves mouth opening and facil­
itates airway management; reapplication of the mechan­
ical immobilization should occur promptly when airway 
interventions are complete. MILl may increase laryngo­
scopic grade in some patients; this may be countered 
with anterior laryngeal or cricoid pressure. 

Spinal Movement during Airway Interventions 
The early biomechanical analyses of spinal motion typ­

ically used static radiography to determine the relations 
between the vertebral elements of the cervical spine and 
to quantify spinal movements. Unfortunately, no stan­
dardized technique of measurement has been used in the 
works since published, which have evaluated spinal 
movement during airway interventions. Both static radi­
ographyand dynamic fluoroscopy have been used; study 
findings have been reported movement as absolute dis­
tances, relative distances (typically a percentage of ver­
tebral body width), and degrees of motion and have 
further been categorized relative to individual motion 
segments or upper and lower cervical spinal divisions or 
summated across the entire cervical spine. There is also 
little guidance available as to the clinical importance of 
the movements recorded, espedally as they relate to the 
injured spine. Those spinal movements that fall within 
physiologic ranges have usually been considered to be 
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nonthreatening to the cord; whether they are in fact and 
remain so in a spine with a canal lumen already compro­
mised by an acute, a chronic, or an acute superimposed 
on chronic anatomical derangement is by no means 
certain. Unfortunately, as we analyze the published 
works, we typically find ourselves in the position of 
comparing the recorded results with physiologic norms 
and then draWing an empiric conclusion as to the po­
tential risk of such movements. 

The Effects of Basic Airway Maneuvers on the 
Injured Neck. Aprahamian89 studied the effect of both 
airway maneuvers on a human cadaver, unstable spine 
model. The anterior and most of the posterior column 
were surgically disrupted; the interspinous and supraspi­
nous ligaments were spared. Lateral cervical spine radio­
graphs were taken during both basic and advanced air­
way maneuvers. Basic maneuvers included chin lift, jaw 
thrust, head tilt, and placement of both oral and esoph­
ageal airways. Advanced maneuvers included placement 
of the following: an esophageal obturator airway; an 
orotracheal tube placed with both a straight and a 
curved laryngoscopic blade; and a nasotra.cheal tube, 
blindly placed. Chin lift and jaw thrust resulted in ex­
pansion of the disc space more than 5 mm at the site of 
injury. When blind nasotra.cheal intubation was facili­
tated by anterior pressure to stabilize the airway, 5 mm 
of posterior subluxation occurred at the site of injury. 
The other advanced airway maneuvers produced 3-4 
mm of disc space enlargement. The study was repeated 
after the application of both soft and semirigid cervical 
collars; collars did not effectively immobilize the neck 
for either basic or advanced airway maneuvers. 

Hauswald90 also determined the impact ofbasic airway 
maneuvers on cervical spine movement. Eight human 
traumatic arrest victims were studied within 40 min of 
death. All subjects were ventilated by mask, and their 
tracheas were intubated orally with a direct laryngo­
scope, over a lighted oral stylet and using a flexible 
laryngoscope, and nasally. Cinefluoroscopic measure· 
ment of maximum cervical displacement during each 
procedure was made with the subjects supine and im­
mobilized by a hard collar, backboard, and tape. The 
mean maximum cervical spine displacement was found 
to be 2.93 mm for mask ventilation, 1.51 mm for oral 
intubation, 1.85 rom for guided oral intubation, and 1.20 
mm for nasal intubation. Ventilation by mask caused 
more cervical spine displacement than the other proce­
dures studied. It was concluded that mask ventilation 
moves the cervical spine more than any of the com­
monly used methods of tracheal intubation. 

Airway maneuvers will result in some degree of neck 
movement, both in general and specifically at the sites of 

)injury. The amounts of movement are small, typically 
well within physiologic ranges, and their impact on 
secondary neurologic injury has not been defined. How­
ever, as will be subsequently discussed, airway interven-

During blade insertion: 
minimal displacement 

With blade elevation: 
superior rotation of Oc-C1 
inferior rotation C2-C5 

With tracheal intubation: 
superior rotation of OC-C1 

Fig. 6. Impact ofdlrect laryngoscopy and tracheal intubation on 
cervical spine movement.91

•
92 

tions are frequently performed on at-risk trauma pa­
tients, and there seems to be a very low incidence of 
secondary injury in these patients associated with airway 
clinical interventions. 

Cervical Spinal Movement during Direct Laryn­
goscopy in Nonnal Patients. Sawin et al. 91 deter­
mined the nature, extent, and distribution of segmental 
cervical motion produced by direct laryngoscopy and 
orotracheal intubation in normal human subjects. Ten 
patients underwent laryngoscopy while paralyzed and 
during general anesthesia. Minimal displacement of the 
skull base and cervical vertebral bodies was observed 
during Jaryngoscope blade insertion; elevation of the 
laryngoscope blade to achieve laryngeal visualization 
caused superior rotation of the occiput and a and mild 
inferior rotation of C3-C5. The largest magnitude mo­
tions were at the atlanto-occipital and atlantoaxial joints, 
but there was extension at each motion segment as­
sessed. Tracheal intubation created slight additional su­
perior rotation at the craniocervical junction but caused 
little alteration in the postures of C3-C5. Horton et ai.92 

conducted a similar experiment in volunteers during 
topical anesthesia only. Subjects in a supine, sniffing 
position underwent direct laryngoscopy, and at full glot­
tic exposure, a lateral radiograph of the head and neck 
was performed. The radiographs indicated that exten­
sion at the craniocervicaJ junction was near maximal and 
that there was progressively increasing extension from 
C4 to the base of the skull, but that the position of the 
lower cervical spine remained static during laryngos­
copy. Both Sawin et at. and Horton et ai. agreed that, 
during laryngoscopy, in both awake and unconscious 
subjects, most cervical motion occurs at the craniocer­
vical junction; the subaxial cervical segments subjacent 
to and including C4 are minimally displaced (fig. 6).91,92 

Spinal Movement during Laryngoscopy in In­
jured Spine Models. Donaldson et al.BS studied the 
motion that occurred during intubation in a cadaver 
model with an unstable CI-C2 segment. The following 
were measured in the intact specimen and then again 
after creation of the unstable segment: angulation, dis­
traction, and the space available for the cord (SAC). With 
maximum flexion and extension, the SAC was narrowed 
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1.49 mm in the intact cervical spine but 6.06 mm in the 
unstable spine. Chin lift and jaw thrust reduced the SAC 
by 1 mm and 2.5 mm, respectively; oral intubation and 
nasal intubation created a similar (1.6 mm) reduction of 
SAC. Distraction at the unstable injured level was similar 
for chin lift, jaw thrust, and crash intubation (1-2 mm); 
distraction during gentle oral intubation and nasal intu­
bation was less than 1 mm. Chin lift and jaw thrust 
created similar angulations (40 _5 0 

) to those of the oral 
intubation techniques, but nasal intubation caused less 
(2.5 0

). Cricoid pressure resulted in no significant move­
ments when it was applied in either the stable or unsta­
ble model. Donaldson et al conduded that (1) the SAC 
was narrowed to a greater degree by preintubation ma­
neuvers than it was by intubation techniques, (2) nasal 
and oral intubation techniques resulted in similar 
amounts of SAC narrowing, and (3) application of cri­
coid pressure produced no significant movement at the 
craniocervical junction_ 

Stabilization during Airway Interventions in Ca­
daver Models ofan Injured Spine. Lennarson et at. 82 

evaluated the impact of commonly used immobilization 
techniques in limiting spinal motion in an injured-spine 
model; the model involved the creation of a posterior 
ligamentous injury at the C5 level and compared the 
effects of MILl and Gardner-Wells traction. The predom­
inant motion measured at all spinal levels during lary.l1­
goscopyand intubation in the intact spine was exten­
sion; this was consistent with the findings of Donaldson 
et at.,88 Sawin et at.,91 and Horton etal92 Subluxation in 
the anterior-posterior dimension remained less than 1 
rom in both the intact and the partially destabilized 
spine; rotatory or angular movements were the only 
significant movement recorded. Application of Gardner­
Wells traction limited rotatory motion at the craniocer­
vical junction after destabilization; MIT..I did not have a 
similar effect. 

Lennarson et al77 conducted a similar experiment 
assessing the efficacy of immobilization maneuvers in a 
model of complete C4 -C5 segmental instability. Move­
ment was measured at the injured level during the ap­
plication of traction, during Mill, and without stabiliza­
tion. Traction resulted in distraction at the site of injury 
when instability was complete; the magnitude of these 
movements was not reduced by MIll, although they 
remained within physiologic limits. Gerling et aiM also 
evaluated the effect of both Mll..I and cervical collar 
immobilization on spinal movement during direct laryn­
goscopy in an unstable C5-C6 cadaver model. Although 
there was less displacement (2 rom) measured with 
application of Mill compared with collars, the magni­
tude of movement was small overall and within physio­
logic ranges. 

Brimacombe et a£93 assessed spinal movement in a 
cadaver model with a posterior injury at C3, with Mll..I 
applied as various airway interventions (facemask venti­
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lation, direct laryngoscopy and tracheal intubation, fiber­
optic nasal intubation, laryngeal mask insertion, intubat­
ing laryngeal mask airway insertion followed by 
fiberoptic intubation, and insertion of a Combitube) 
were performed. Posterior displacement was less when 
intubation was performed nasally with a flexible scope 
(0.1 :t 0.7 rom) than for any other maneuver; most 
maneuvers caused 2-3 mm of displacement. 

Influence of Laryngoscope Blade Type on Spinal 
Movement during Direct Laryngoscopy. Three au­
thors have assessed the influence of the type of laryngo­
scope blade on the spinal movements generated during 
direct laryngoscopy. MacIntyre et al.94 compared the 
Macintosh and McCoy blades in patients with normal 
spines during general anesthesia with cervical collars 
applied. There were no significant differences between 
the two blades with respect to the amount of spinal 
movement generated during intubation. Hastings et a£9S 
compared head movement occurring during laryngos­
copy in patients with normal spines using Macintosh and 
Miller laryngoscopes, and again, there were no differ­
ences in the amount of movement measured. Finally, 
Gerling et al84 compared spine movement in a cadaver 
model with a C5-C6 transection injury while performing 
laryngoscopy with Miller, Macintosh, and McCoy-type 
blades. There was no difference in the movements re­
corded with the different blades with regard to either 
anteroposterior displacement or angular rotation. Less 
axial distraction was measured with the Miller blade 
compared with the other two blade types; in absolute 
terms, the differences was 1.7 rom. Overall, there seems 
to be little difference in the spinal movement resulting 
from direct laryngoscopy relative to the type of blade 
used during laryngoscopy. 

Cervical Spinal Movement with Indirect Rigid Fi­
beroptic Laryngoscopes. Watts et al81 compared cer­
vical spine extension and time to intubation with the 
Bullard (ACMI Corp., Southborough, MA) and Macintosh 
laryngoscopes during a simulated emergency with cervi­
cal spine precautions taken. Twenty-nine patients were 
placed on a rigid board, and anesthesia was induced. 
Laryngoscopy was performed on four occasions, twice 
each with the Bullard and Macintosh laryngoscopes, 
both with and without Mill applied (Mill was applied 
with cricoid pressure). Cervical spine extension (from 
the occiput to C5) was greatest with the Macintosh and 
was reduced both when the Macintosh was used with 
Mill and when the Bullard was used with or without 
stabilization. Times to intubation were similar for the 
Macintosh with MIll and for the Bullard without MIll. 
Mill applied during laryngoscopy with the Bullard re­
sulted in further reduction in cervical spine extension 
but a prolonged the time to intubation, although it still 
was achieved in less than a minute. In a study design 
similar to that of Watts et at., Hastings et at.9S found that 
cervical spine extension from the occiput to C4 was 
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decreased when comparing the Bullard with both the 
Macintosh and the Miller laryngoscope blades. 

The times to achieve intubation using the Bullard la­
ryngoscope, in the study of Watts et at. ,81 are similar to 
others reported in the literature. Twenty-two of 29 pa­
tients (76%) were intubated in less than 30s when using 
the Bullard under standard conditions.8 

! In a study using 
the dedicated intubating stylet, Cooper et at. 96 found 
70% of patients were intubated in less than 30 s. There 
was also better exposure of the larynx during laryngos­
copy with the Bullard than with the direct laryngoscope. 
Application of MILl resulted in deterioration in the grade 
view of the larynx when using the Macintosh in 19 of 29 
patients (65%). In contrast, only 2 patients (7%) pre­
sented an inferior view of the larynx after application of 
MIll and cricoid pressure when using the Bullard laryn­
goscope. 

Rudolph et at.97 compared movement in the upper 
cervical spine in 20 patients scheduled to undergo elec­
tive surgery, when laryngoscopy was performed with 
the Bon1ils intubation fiberscope (Karl Storz Endoscopy 
Ltd., Tuttlingen, Germany) and the Macintosh laryngo­
scope. With the patient's head in neutral position on the 
table and no pillow used, a baseline lateral radiograph 
was taken. The head was extended, laryngoscopy was 
performed using the Macintosh, a second radiograph 
was taken, and the head was returned to the neutral 
position. Laryngoscopy was then performed with the 
Bonfils fiberscope, and the trachea was intubated. With 
the Macintosh, views at laryngoscopy were class I in 8 
patients, II in 5, and III in 7; all views obtained with the 
Bonfils fiberscope were class I. The time between inser­
tion of the instrument and achievement of optimum 
view was similar for both instruments. Laryngoscopy 
with the Macintosh resulted in spinal movement that 
was greater in magnitude than that measured during 
Bonfils fiberscopy. 

The Glidescope (Saturn Biomedical Systems, Burnaby, 
British Columbia, Canada) is a new video laryngoscope 
that incorporates a high resolution digital camera in the 
blade tip; the image is transmitted to a liquid crystal 
display monitor via a dedicated video cable. Agro et at. 98 

compared the laryngeal view obtained initially with a 
Macintosh and then with the Glidescope in 15 normal 
patients presenting for general anesthesia who were 
wearing cervical collars. The laryngeal view was reduced 
by one Cormack grade in 14 of the 15 patients (93%) 
studied when the Glidescope was used compared with 
the Macintosh; the average time to intubation with the 
Glidescope was 38 s. Turkstra et al.99 compared cervical 
spine movement, measured fluoroscopically, during in­
tubation with a Macintosh, a light wand, and the Glide­
ycope. In-line immobilization was achieved by taping the 
patients' heads into a Mayfield-type headrest; movement 
was measured at the Oc-CI, CI-C2, C2-C5, and C5-Th 
levels. The largest amount of motion measured was at 
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the Oc-CI complex with ail devices. Cervical spinal 
movement was reduced 57% overall (all segments com­
bined) comparing the light wand with the Macintosh; 
reduced movement was apparent at each level. Spinal 
movement was reduced only at the C2-C5 segment 
when the Glidescope was compared with the Macin­
tosh; 6.90 :!: 5.20 of flexion was measured during Macin­
tosh laryngoscopy, and this was reduced by 50% using 
the Glidescope. Motion was not signi1icantly altered at 
the three other segments studied. The time to intubation 
was longest with the GIidescope (27 :!: 12 s) but similar 
with the light wand (14 :!: 9 s) and the Macintosh (16 :!: 
7 s). 

Cervical spine movements are generally less when 
rigid indirect laryngoscopes are used compared with the 
ML direct laryngoscope. Visualization of the glottis is also 
improved with the use of the rigid laryngoscopes, but 
the time to achieve the best view is somewhat longer; 
these times tend to be short, and the difference com­
pared with the direct laryngoscope is likely to be of little 
clinical relevance. 

Cervical Spinal Movement and Laryngeal Mask 
Airways. Kihara et at. 100 measured cervical movement 
produced by the intubating laryngeal mask airway dur­
ing MILl in 20 anesthetized patients with cervical pathol­
ogy undergoing cervical spine swgery. During the inser­
tion of the intubating laryngeal mask airway, C5 and 
superior segmental levels were flexed by less than 20 

• 

During intubation, C4 and superior segmental levels 
were flexed by 3 0 or less, and C3 and levels above were 
flexed by an average of 10 during removal. There was 
some posterior displacement at the C2-CS levels during 
insertion and intubation but not during removal. 

Keller et at. 101 implanted microchip sensors into the 
pharyngeal surfaces of C2 and C3 in 20 cadavers to 
determine the pressures exerted against the cervical 
vertebrae by both the standard laryngeal mask airway 
and the intubating laryngeal mask airway during inser­
tion and manipulation. The impact of these pressures on 
cervical spine movement was also determined. Keller et 
at. concluded that laryngeal mask devices exert high 
pressures against the upper cervical vertebrae during 
insertion, during inflation, and while in situ; these pres­
sures could produce posterior displacement of the up­
per cervical <:-Spine. The clinical relevance of these 
findings as they relate to CSI has yet to be clarified. 

Cervical Spinal Movement during Surgical Crieo­
thyrotomy. Surgical cricothyrotomy was initially advo­
cated as a preferred airway intervention in patients at 
risk for CSI compared with orotracheal intubation and 
now is deemed to be an appropriate alternative iforal or 
nasal routes cannot be used or are unsuccessful. Al­
though long considered safe in the presence of a CSI, its 
application in this scenario has not been well studied 
with respect to either spinal movements or neurologic 
outcomes. Gerling et at. 102 used a cadaver model to 
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quantify movement during cricothyrotomy. Standard 
open cricothyrotomy was performed in 13 cadavers with 
complete C5-C6 transection injuries, and cervical spine 
images were recorded fluoroscopically during the pro­
cedure. Peak axial distraction was measured at 4.5% of 
the C5 Width, amounting to 1-2 mm of axial compres­
sion; peak antero-posterior displacement was measured 
at 6.3% of the C5 Width, equivalent to 1-2 rom of dis­
placement. Although these values were statistically sig­
nificant, there clinical relevance has yet to be deter­
mined. 

The Clinical Practice ofAirway Management in 
Patients with Cervical Spine Injury 
Surveys ofPatterns ofClinical Practice Regarding 

Airway Management after Cervical Spine Injury. 
Four authors have surveyed North American anesthesi­
ologists as to their preferred methods of airway manage­
ment in patients with cervical spine trauma or disease. 

et al 103Lord compared practice preferences among 
surgical members of the Eastern Association for the Sur­
gery of Trauma with anesthesiologists in US anesthesiol­
ogy training programs. In the elective situation (CSI but 
breathing spontaneously with stable vital signs), anesthe­
siologists stated that they were less likely to use nasotra­
cheal intubation (53% VS. 69%), equally likely to use 
orotracheal intubation, and more likely to use the fiber­
optic bronchoscope than were trauma surgeons. In the 
urgent scenario (patient with unstable vital signs), anes­
thesiologists tended to use both nasotracheal and orotra­
cheal intubation in a manner similar to that of the sur­
geons but more frequently (16%) preferred the 
bronchoscope. In an emergency situation (apneic pa­
tient with unstable vital signs), both anesthesiologists 
and surgeons relied extensively on the direct laryngo­
scope (78% and 81%); anesthesiologists were more likely 
to use the bronchoscope (15%) than were surgeons but 
used a surgical airway less frequently than did the sur­
geons 0% VS. 19%). 

Rosenblatt et al. 104 received 472 responses from 1,000 
active members of the American Society of Anesthesiol­
ogists who were surveyed as to their preferences for 
management methods for the difficult airway in cooper­
ative adult patients. With respect to patients with CSI, 
78% of respondents expressed a preference for an awake 
intubation and the use of bronchoscope; the bulk of the 
remainder induced general anesthesia and used a direct 
laryngoscope. Rosenblatt et al. did not request informa­
tion regarding the levels of experience attained with the 
devices preferred but did ascertain that they were avail­
able to the practitioners who stated that they would use 
them. Jenkins et al. 105 collected 833 responses from 
1,702 members of the Canadian Anesthesiologists' Soci­
ety surveyed regarding their management choices for 
the difficult airway in Canada. When faced with a patient 
with a cervical cord compression and neurologic deficit 
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presenting for discectomy, 67% expressed a preference 
for awake intubation, and most (63%) stated that they 
would use a bronchoscope. Thirty-one percent would 
induce general anesthesia before airway intervention, 
and slightly more would use a direct laryngoscope than 
preferred a lighted stylet in this setting. Jenkins et al did 
not solicit information regarding the level of experience 
with the methodo; identified as being preferred by the 
survey respondents. 

Ezri et al 106 surveyed 452 American-trained American 
Society ofAnesthesiologists members attending the 1999 
Annual Meeting. When faced with a cooperative adult 
patient with cervical spine disease (rheumatoid arthritis 
or ankylosing spondylitis) presenting for elective sur­
gery, awake fiberoptic intubation was preferred by most. 
Although 75% stated that they would use it in some of 
the scenarios outlined, only 59% or respondents re­
ported skill in the use of the bronchoscope. 

The surveys are consistent in revealing that many 
North American anesthesiologists express a preference 
for the use of a fiberoptic bronchoscope during airway 
management in patients with cervical spine disease or 
injury including in apneic trauma scenarios. This prefer­
ence persists despite the fact that some who state this 
preference also acknowledge that they are not confident 
regarding their skill levels with the bronchoscope. De­
pending on the setting and the perceived urgency of the 
situation, direct laryngoscopy is still commonly used, 
and use of the lightwand is preferred by a significant 
minority of anesthesiologists, at least in Canada. 

Airway Management of Cervical Spine-injured 
Patients: The Experience and Outcomes Reported. 
Meschino et al 107 reviewed their experience with 454 
patients with critical cervical cord or spine injuries or 
both. One hundred sixty-five patients underwent awake 
tracheal intubation within 2 months of injury; 289 did 
not require intubation during the same period. The di­
rect laryngoscope was used in 36 patients (22%), the 
fiberoptic bronchoscope was used in 76 (46%), and 51 
patients (32%) underwent blind nasal intubation. Pa­
tients undergoing intubation were more severely im­
paired than those who did not require intubation. De­
spite this, there was no difference in the incidence of 
neurologic deterioration over time between the two 
groups, and tracheal intubation was not associated with 
neurologic deterioration in any patient. Holley and Jor­
danlOR conducted a retrospective analysis of traumatic, 
unstable cervical spine fractures requiring operative 
management to determine both the airway management 
techniques used and the incidence of neurologic com­
plications. One hundred thirty-three patients with 140 
fractures were reviewed. Ninety-four patients under­
went nasal intubation in the operating room, and 29 
were intubated with direct laryngoscopy and in-line sta­
bilization. No neurologic complications were recognized 
in any patient. 
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Rhee et aL I09 analyzed their experience with 21 pa­
tients with cervical cord or spine injury who underwent 
tracheal intubation in the emergency room. Orotracheal 
intubation was used in 81% of CSI patients; neuromus­
cular blockers were used in 82% of these intubations. 
The authors concluded that no injury was recognized to 

be caused or exacerbated by airway maneuvers. How­
ever, one patient with a C7-Tl dislocation and a C7 cord 
transection was noted to have absent sensation below 
the nipples before intubation (T4 level) and motor and 
sensory examination results consistent with a C7 cord 
transection after intubation. Whether this disparity re­
flect an ascension in the level of injury from T4 to C7 or 
the difference in findings between an emergency room 
screening neurologic exam and a more precise examina­
tion petformed later is not certain; the authors' conclu­
sions seem to prefer the latter explanation. Scanell et 
aL 110 reviewed their experience with 81 patients with 
CSI, including 58 with unstable fractures, who received 
emergency orotracheal intubations performed by expe­
rienced anesthesiologists. Neurologic assessment was 
documented before and after intubation, and in no in­
stance was there a recognized deterioration of neuro­
logic functions after tracheal intubation. Shatney et aL I11 

reviewed their experience with 81 patients with 98 
fractures who were neurologically intact on initial pre­

. sentations. Orotracheal intubation was petformed in 48 
,patients, and no neurologic deteriorations were recog­
nized. In-line immobilization was used during the airway 
maneuvers, and agitated or combative patients were 
sedated, paralyzed, or both. Talucci et at. 112 reviewed 
their experience with 335 patients requiring urgent in­
tubations. Seven patients with unstable CSI underwent 
orotracheal intubation after induction of anesthesia and 
paralysis; none experienced neurologic compromise as a 
result of airway management. 

Suderman et at. l13 reviewed the experience of 150 
patients with traumatic CSI and well-preserved neuro­
logic function presenting for operative stabilization. 
General anesthesia before intubation was induced in 83 
patients, of whom 65 had their tracheas intubated with 
the direct laryngoscope; 22 patients were intubated 
while awake using the direct laryngoscope. The remain­
der had tracheal intubation performed with a variety of 
alternatives to the direct laryngoscope, most commonly 
the bronchoscope; the majority of those latter intuba­
tions were performed with the patient awake. Two pa­
tients experienced new neurologic deficits; one had a 
wire passed through the cervical cord accidentally dur­
ing operative stabilization and was rendered quadriple­
gic, the second recovered from a new single level radic­
ulopathy attributed to the operative decompression. 
\80th of these patients had their tracheas intubated with 
a direct laryngoscope while anesthetized. McCrory1l4 
perfonned a similar retrospective analysis of the records 
of 45 patients who presented for operative stabilization 
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of cervical injuries resulting from trauma. Tracheal intu­
bation was performed after induction ofgeneral anesthe­
sia with neuromuscular block in 40% of cases; in the 
remainder, intubation was performed with a broncho­
scope while the patient was awake. One awake tracheal 
intubation was abandoned as a result of patient noncom­
pliance; this patient's trachea was intubated after induc­
tion of general anesthesia. Weighted traction was used in 
all cases to immobilize the spine. No patient developed 
either a new neurologic finding or worsening of a pre­
existent deficit. 

Wright et at. IIS reviewed the records of 987 blunt 
trauma patients; 60 of the patients had a cervical frac­
ture, and 53 of these were deemed to be unstable. 
Twenty-six patients' tracheas were intubated orally, 25 
were intubated nasally, and two were intubated by cri­
cothyrotomy. One patient who underwent nasotracheal 
intubation experienced a neurologic deterioration. Lord 
et aL I03 reviewed the case records of 102 patients who 
had a CSI and were admitted to their center after trauma. 
Sixty-two patients required airway management. The 
most common method used was orotracheal intubation 
facilitated by direct laryngoscopy (43%), followed by 
bronchoscope-assisted intubation (27%), nasotracheal in­
tubation (22%), and tracheostomy (2%); in 4%, the 
method could not be determined. No patient was recog­
nized to have experienced a neurologic deterioration 
associated with airway management. Other authors have 
reported similar findings in smaller series of trauma pa­
tients with CSI. 112,116 

These studies are limited by both their small sample 
size and their retrospective nature. However, they do 
reveal that neurologic deterioration in CSI patients is 
uncommon after airway management, even in high-risk 
patients undergoing urgent tracheal intubation. They are 
not sufficient to rule out the potential that airway man­
agement provided in isolation or as part of a more com­
plex clinical intervention, even provided with the ut­
most care, may rarely result in neurologic injury. To do 
so would require a study of enormous proportions. As 
noted previously, progressive neurologic deterioration 
occurs in a minority ofCSI patients. If this incidence was 
set at 2% and a study was designed to prove that an 
airway intervention did not double this baseline inci­
dence, approximately 1,800 patients would need to be 
studied. No method of airway intervention has been 
evaluated with such a study, or anything close to it, and 
therefore, statements comparing the relative safety of 
different methods have tenuous evidentiary support. 

The Use ofthe Direct Laryngoscope after Cervical 
Spine Injury: The Debate. As part of the early efforts 
aimed at reducing secondary injuries in spine-injured 
patients, a hypothesis was generated that the tracheas of 
patients with unstable cervical spines could not be safely 
managed by direct laryngoscopy and oral intubation. 117 

Oral intubation was deemed dangerous because it alleg­
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edly caused excessive spinal movement, and this move­
ment could lead to secondary injury. Such secondary 
injury could theoretically be avoided by the careful per­
formance of nasotracheal intubation or cricothyrotomy. 
These techniques were advocated as the emergency 
airway maneuvers of choice in patients at risk for spinal 
injury. There were no data at that time to support this 
thesis, and the data collected since seem to suggest that 
secondary neurologic injury associated with any form of 
airway management is exceedingly rare. The early Ad­
vanced Trauma Life Support protocols for airway man­
agement were consistent in their support for the nasal 
intubation/cricothyrotomy strategy, implying a lack of 
support for the use of direct laryngoscopy in this clinical 
setting. Not all practitioners agreed that the use of direct 
laryngoscopy was contraindicated in patients at risk for 
cervical injury. There was evidence made available soon 
after publication of these protocols that some experi­
enced trauma centers (including our own) were ignoring 
the Advanced Trauma Life Support recommendations 
and performing direct laryngoscopy in at-risk popula­
tions. 107,l13.118 

McLeod and Calder1l9 examined the association be­
tween the use of the direct laryngoscope in patients and 
subsequent spinal injury or pathology. They suggested 
that the following five case features would add credence 
to the diagnosis of a laryngoscopy-induced cord injury: 
(1) a short period of unconsciousness, (2) myelopathy 
present on recovery, (3) autonomic disturbances after 
laryngoscopy, (4) difficult laryngoscopy, and (5) crania­
cervical disease or gross instability below C3. These 
criteria were then used to evaluate the likelihood that 
laryngoscopy was the causative factor for neurologic 
deterioration in the reports. Although they do make 
intuitive sense, whether these criteria discriminate well 
in assigning cause to injury recognized after intubation is 
not established. Six reports dealing with 10 patients in 
which it was alleged that direct laryngoscopy contrib­
uted to a neurologic injury were reviewed. 57,120-124 
With the possible exception of one case, they concluded 
after review and analysis of the case reports, that the 
reports did not provide sufficient data to allow them to 
make the determination that the use of the direct laryn­
goscope was the cause of the neurologic injuries re­
ported. 

The first report analy.led was that of Farmer et aL,57 

who reviewed their institutional experience with cord­
injured patients. They reported that four patients had 
neurologic deteriorations associated with tracheal intu­
bation. Two deteriorations were classified as minor and 
two were classified as major, but no further details were 
provided regarding the cases or the intubations. The 
second report was that of Muckart et at.,120 who re­
ported two cases of neurologic deterioration after clini­
cal interventions. The first patient W'dS a 45-yr-old man 
involved in a motor vehicle accident who sustained 
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bilateral femoral fractures and a closed head injury. De· 
spite the mechanism of injury, a period of unconscious­
ness, and the presence of neck pain, no imaging was 
performed, and his spine was not immobilized. He un­
derwent anesthesia for operative repair of the femoral 
fractures and was quadriplegic on awakening; a C2 frac­
ture- dislocation was subsequently diagnosed, and he 
recovered completely. The second patient was a 22-yr­
old man with multiple gunshot wounds to the neck; he 
arrived in the hospital neurologically intact. Imaging of 
the neck revealed no apparent injury to the cervical 
spine to a level of C5; the radiograph showed only the 
upper five vertebrae. He underwent emergency surgery 
during general anesthesia without neck immobilization 
and was quadriplegic after. A CT scan demonstrated a 
burst fracture of C6 with a retropulsed fragment imping­
ing on the canal. He was placed in traction, had opera­
tive fixation, and recovered completely. Although direct 
laryngoscopy and tracheal intubation were component 
parts of the care of both patients, they were not the sole 
interventions; the lack of immobilization and the poten­
tial for malpositioning cannot be excluded as significant 
risk factors in both cases. The complete recovery in both 
patients suggests that malpositioning may have been an 
etiologic factor inducing a transient, compressive neura­
praxia-like injury. 

The third report analyzed was that of Redl,121 who 
described the case ofan 18-yr~ld man with undiagnosed 
spondyloepiphyseal dysplasia congenita resulting in un­
recognized craniocervical instability. He underwent gen­
eral anesthesia and direct laryngoscopy with tracheal 
intubation for removal of retained knee hardware. The 
intraoperative and early postoperative course was un­
eventful, but he developed a spastic quadriparesis the 
day after surgery. A CT scan demonstrated a congenitally 
abnonnal craniocervical junction with an os odontoi­
deum (congenitally nonfused odontoid process) in the 
foramen magnum compressing the spinal cord. Al­
though he made a full recovery, he awoke quadriplegic 
after a subsequent craniocervical stabilization procedure 
for which his trachea was intubated using a fiberoptic 
bronchoscope. The precise role of the laryngoscopy in 
the development of transient neurologic symptoms in a 
patient with a congenitally abnonnal and unstable spine 
is uncertain; the development of symptoms on the day 
after laryngoscopy reduces the strength of a causative 
association. The fourth report reviewed is that of Yan 
and Diggan,122 who described the occurrence of a cen­
tral cord syndrome in a 42-yr~ld woman with acquired 
immune deficiency syndrome who underwent urgent 
laryngoscopy and intubation for respiratory failure. Be­
fore her admission, she was using a walker and wheel­
chair to ambulate. Following the recognition of upper 
extremity weakness after intubation and resuscitation, 
she underwent imaging and evaluation ofher central and 
peripheral nervous system. There was no evidence of 
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The Use of the Flexible Fiberoptic Bronchoscope 
in Cervical Spine Injury. There is considerable enthu­
siasm, particularly among anesthesiologists, for the use 
of the fiberoptic bronchoscope in patients at risk for 
cervical spine disease. The advantages are its potential 
for use in awake patients, the minimal cervical move­
ment required to achieve tracheal intubation, and the 
ability to petfonn postintubation neurologic assessments 
in cooperative and cognitively intact patients. However, 
there have been have been relatively few reports recog­
nized in the literature regarding the use of the broncho­
scope in the emergency management of the airway after 
trauma. 127 The overall success rate for intubation using 
the bronchoscope in the trauma setting has been cited at 
83.3% (95% CI, 72_94.6%).127 There is a report detailing 
the successful use of the bronchoscope to facili~te 

awake intubation in 327 consecutive patients presenting 
for elective cervical spine surgery; the bulk of the pro­
cedures were surgeries for cervical disc prolapse, and 
there were no patients with traumatic injuries included 
in the review. l28 Although the procedure was well tol­
erated by the majority of the patients, 38 (12%) devel­
oped low oxygen saturations; in this group, the mean 
oxygen saturation measured by pulse oximetry was B4 ± 
4% (range, 72- 8~....6). The potential for desaturation dur­
ing bronchoscope-facilitated intubation Seems to be as 
great or greater in CSI.patients compromised by trau­
matic injury as in these elective surgical patients; the 
incidence and magnitude of hypoxemia in a series of 
CSI-trauma patients undergoing such management has 
not been reported. 

There are no published data in the English literature 
that would indicate that the cited advantages of the 
fiberoptic bronchoscope translate into improved out· 
comes among CSI patients compared with other intuba­
tion techniques. As well, Ezri et aL 106 reported, after a 
survey of American anesthesiologists, that more than 
40% of respondents acknowledged that they were not 
comfortable using a bronchoscope for airway manage­
ment. McGuire and El-Beheiryl29 reported two cases of 
complete airway obstruction during elective awake 
bronchoscope-assisted intubation in patients with unsta­
ble cervical spine fractures; both patients were salvaged 
with emergency surgical airways. In patients with brain 
injury, a common concurrent injury to CSI, the use of the 
bronchoscope is associated with significant increases in 
ICP that are not prevented by the administration of 
morphine, midazolam, and nebulized lidocaine.130 

Comparing Rigid and Flexllile Fiberoptic Endo­
scopes in At-risk Populations. Cohn and Zomow13I 

compared the fiberoptic bronchoscope and the Bullard 
laryngoscope with respect to rapidity of glottic visualiza­
,tion and intubation in patients requiring cervical immo­
\ 
'bility during tracheal intubation. Seventeen adult pa­
tients scheduled to undergo neurosurgical correction of 
a cervical spine problem were stUdied. Each patient was 
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considered at risk for neurologic injury during tracheal 
intubation based on a request for awake fiberoptic tra­
cheal intubation by the neurosurgical team, or radicular 
symptoms initiated or exacerbated by neck extension. 
Most showed evidence of spinal canal impingement on a 
preoperative MID. Patients were allocated randomly to 
one of two study groups for tracheal intubation with the 
Bullard (n =8) or the fiberoptic bronchoscope (n = 9); 
before intubation, glottic visuaIization was petformed 
using the alternative technique. All intubations were 
petformed with the neck in a comfortable position for 
the patient and with any preexisting immobilization de­
vice (e.g., collar, traction) in place. Glottic visualization 
was unifonnly successful on the first attempt in both 
groups. Tracheal intubation was also uniformly success­
ful, although one intubation in the bronchoscope group 
took 183 s because ofdifficulty passing the endotracheal 
tube through the glottis after an easy laryngoscopy. No 
new neurologic deficits were observed after tracheal 
intubation in either group. 

Practice Options for Airway Management after 
Cervical Spine Injury. There is discordant opinion 
expressed in the literature regarding the optimal means 
of securing the airway in patients with CSI. Enthusiasm 
is expressed by some neuroanesthesia experts for the 
excl~iveuse of the fiberoptic bronchoscope to facilitate 
tracheal intubation in spine-injured patients.132 There 
are a number of theoretical factors that would suppqrt 
such a choice. The head and neck may be left in a neutraI 
position, and little spinal movement is required to 
achieve laryngeal visualization and tracheal intubation. 
The patient's protective rdlexes are largely left intact, 
and the potential for deleterious movements and posi­
tioning is perhaps reduced. A neurologic assessment can 
be made after intubation to ensure that there has been 
no change in the patient's status, although the accuracy 
of this evaluation may be diminished by sedation. Finally, 
the patient could be positioned awake to increase the 
likelihood that potentially injurious position could be 
avoided. These considerations support the use of the 
tracheal intubation facilitated by a fiberoptic broncho­
scope and performed by an experienced care provider as 
a practice option in the management of the airway in 
spine-injured patients. Survey evidence also supports the 
conclusion that many anesthesiologists are of the opin­
ion that it is the preferred option,especially in elective 
scenarios. This preference persists even among physi­
cians who acknowledge limited skills with the device. 
However, there are no data to suggest that better neu­
rologic outcomes are achieved with its use. In fact, the 
application of a technique by practitioners not expert in 
its use may carry risk. Failed awake intubation has been 
identified as a cause of morbidity and mortality in the 
Jatest analysis of difficult airway claims by the American 
Society of Anesthesiologists' Oosed Claims Project.133 

The use of a direct laryngoscope after induction of 
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anesthesia is also deemed an acceptable practice option 
by the American College of Surgeons as outlined in the 
student manual of the Advanced Trauma Life Support 
Program for Doctors; by experts in trauma, anesthesiol­
ogy, and neurosurgery; and by the Eastern Association 
for the Surgery of Trauma.,·107.109.119,127,B4-14' The 

principle advantages of the direct laryngoscope are that 
anesthesiologists are very experienced in its use and that 
it is a highly effective tool; many anesthesiologists do not 
consider themselves similarly skilled with other practice 
options. 106 Direct laryngoscopy can also be performed 
more quickly than some, but not all, alternative tech­
niques, and it does not require time to obtain and set up 
specialized equipment. However, it has the potential to 
cause greater spinal movement than indirect techniques. 
In addition, if laryngoscopy is performed after the induc­
tion of general anesthesia, the potential for difficult ven­
tilation, a failed intubation, and a cannot-intubate, can­
not-ventilate scenario cannot be excluded. Finally, if 
there is underlying severe, chronic cervical spinal pa­
thology, difficult Iaryngoscopy shoukt be anticipated be­
cause it is more likely to occur.' This is particularly true 
if the upper cervical spine is severely impacted by the 
disease process. 

The use of the direct laryngoscope is a practice option 
accepted by expert practitioners; its use is commonly 

.encouraged in urgent or emergent situations. Other 
practice options, such as light wands, rigid fiberoptic 
laryngoscopes, and laryngeal mask airways, are also 
deemed appropriate. There is no published evidence 
that would indicate that one intubation option is supe­
rior to others with respect to outcomes in general and, in 
particular, with respect to neurologic outcomes. Any 
comparative study that could or would support a single 
practice option would have to be very large to be per­
suasive. 

Summary of the literature 

There is an incidence of CSI approximating 2% among 
victims of blunt trauma, and this incidence is trebled if 
the patient presents unconscious or with a GCS score 
reduced to 8 or below. A finding of a focal neurologic 
deficit also significantly increases the likelihood of a 
cervical injury. The need to evaluate all at-risk patients 
with a complete and technically adequate imaging series 
seems to be accepted as the standard of care, although 
there is debate as to what constitutes the at-risk popula­
tion and an acceptable imaging series. A three-view 
spine series (lateral, antero-posterior, and odontoid 
views) supplemented by computerized tomographic im­
aging through areas that are difficult to visualize or sus­
picious is effective in ruling out injury in both coopera­
tive and noncooperative patients. MRI studies may be 
useful in patients with neurologic symptoms but nega-
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tive radiography and CT imaging; they seem to add little 
to the evaluation of patients with persistent pain but a 
normal neurologic examination and negative imaging. As 
well, although MRI may identify CSI not captured by CT, 
these injuries are not usually unstable. Failure to diag­
nose the injury at time of presentation is associated with 
a worse neurologic outcome; it occurs most commonly 
as a result of either failure to appropriately inIage the 
spine or misinterpretation of appropriate imaging. 

Immobilization of the spine in at-risk patients at the 
time of first system contact and maintenance of the 
immobilization until the spine is cleared is accepted by 
expert consensus as the standard of care. However, 
there is some debate about the need for immobilization 
in patients at low risk. Prolonged spinal immobilization 
is costly in terms of system resources and not without 
risk to the patient. Strategies that permit efficient and 
prudent spine clearance are available and their use is 
encouraged so as to reduce costs, conserve resources, 
and, most importantly, to prevent harm. 

Secondary neurologic injury occurs after CSI and may 
be associated with clinical care interventions. There is 
now recognized a syndrome of progressive, ascending 
myelopathy that occurs in some patients and that is 
characterized by a widely distributed cord injury. It may 
occur after a period of relative·clinical stability and in the 
absence of both mechanical instability and canal com­
promise at the spinal levels to which the injury has 
ascended. The use of MRI·(especially T2-weighted stud­
ies) has been instrumental in documenting both the 
occurrence and the nature of this injury. It may also 
present at a time when clinical interventions are ongoing 
to treat the original traumatic injuries. Although there 
has been a past tendency to attribute many secondary 
injuries to clinical interventions, especially in a medical­
legal context, critical examination of these cases, sup­
plemented with MRI evaluations, may reveal that some, 
and perhaps most, are an inevitable consequence of the 
primary injury. 

The routine use of some form of immobilization during 
airway maneuvers in at-risk patients is accepted as the 
standard of care. All airway maneuvers will result in 
some degree of neck movement, both in general and 
specifically at the sites of injury. The amounts of move­
ment are small and may be restrained by in-line immo­
bilization, but they are not eliminated. The available data 
and the accumulated clinical experience support a con­
clusion at the current time that these movements are 
unlikely to result in neurologic injury provided that rea­
sonable care is taken during airway interventions. How­
ever, a study of sufficient size to validate this statement 
has not been performed. 

The most appropriate technique for performing tra­

cheal intubation in patients with cervical spine injury 
continues to be debated. There are no clinical outcome 
data that suggest better neurologic outcomes with any 
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particular technique, and it is acknowledged that a very 
large study would be required to furnish such data. 
Surveys indicate that the majority of American anesthe­
siologists would prefer to use a tiberoptic bronchoscope 
to intubate the trachea of at-risk patients and to do so 
with the patient awake. A significant proportion of those 
sharing this preference acknowledge limited skills with 
the bronchoscope. As well, failed awake intubation has 
been associated with morbidity and mortality in recent 
analyses of closed claims. Surprisingly, there are no re­
ports of series of CSI patients treated in this fashion, and 
so it is not possible to comment on the outcomes of this 
strategy. 

There are a large number of reports that confirm that 
rapid sequence induction ofgeneral anesthesia followed 
by direct laryngoscopy and tracheal intubation is Widely 
perfonned in patients at risk for and with continued CSI; 
the resulting neurologic out-comes -compare favorably to 
similar patient populations undergoing awake tracheal 
intubation and to patients who do not require airway 
intervention after traumatic injury. This technique does 
not seem to be associated with a higher incidence of 
secondary injury when compared with any other tech­
nique of intubation. Unfortunately, these reports are 
limited by small sample size and their retrospective na­
ture. The current evidence and opinion expressed in the 
literature support the use of a range of practice options 
in the management of the airway in CSI patients. 
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