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Cervical spine injuries (CSIs) occur in 2-5% of blunt 
trauma patients and of these, 7-14% are unstable. 

Anesthesiologists are often involved in the initial 
resuscitation and management of trauma victims with 
possible CSIs. The purpose of this review is to increase 
awareness of the advantages and disadvantages of the 
possible techniques so that the safest method can be 
chosen for the airway management of patients with 
potential or confirmed CSI. The goals of resuscitation 
should be stabilization of the cervical spine, prevention 
of secondary injuries, and reduction of fracture as 
soon as possible to protect the   spinal cord. The blood 
circulation of the spinal cord is more vulnerable to injury 
than of brain. We will review the recent guidelines for 
clearing the cervical spine in alert patients and those 
with altered mental status and update techniques for 
airway management in detail.

Epidemiology. Cervical spine injuries involve 
people of all age, but most commonly between the 
ages of 15-45 years; approximately 70% occur in men. 
However, there is an increased prevalence of CSI among 
the elderly, probably due to osteoporosis. The type of 
accidents include motor vehicle accidents (50-70%), falls 
(6-10%), diving accidents, blunt head and neck traumas, 
penetrating neck injuries, and contact sports injuries. 
The National Emergency X-Radiography Utilization 
Study (NEXUS) database provides important data on 
different types of CSI sustained after blunt trauma.1 Of 
the 34,069 patients enrolled in the NEXUS project, 818 
patients sustained 1195 fractures and 231 subluxations 
or dislocations. The most common level fractured was 
C2, which accounted for 24% of fractures (Figure 1). 
Dislocation occurred most commonly at the C5/6 and 
C6/7 levels (Figure 2). Fractures of the vertebral body 
and the odontoid peg are also common and are most 
likely to be associated with instability.1

Missed diagnosis. Missed CSIs can have disastrous 
consequences if not detected early. The incidence of 
missed or delayed diagnosis is 1-5%, up to 30% of 
patients developing secondary neurological damage. 
The most common causes of missed injuries are a 
failure to obtain adequate plain x-rays and incorrect 
interpretation of the films. Injuries to the C2 level and 
to the lamina and posterior elements are particularly 
likely to be missed.
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ABSTRACT

يهدف هذا البحث إلى مناقشة العوامل المهمة التي لها علاقة بالمعالجة 
التخدير  وإجراءات  الهوائية،  الطرق  ومعالجة  التشخيص،  و  الأولية، 
أن    .)CSI( الرقبي  الشوكي  النخاع  في  بأذية  المصابين  للمرضى 
التشخيص المبكر و التقييم السريري له أهمية في نفي أذية النخاع 
الشوكي.  يقلل تثبيت النخاع حركة النخاع الرقبي.  يقدم التنبيت 
الرغامى بواسطة المنظار الليفي الراحة والسلامة للمريض، ولكن في 
حالة التدهور الشديد في العلامات الحيوية، يجب أن يتم التنبيت 
تدبير  الطوارئ.   غرفة  في  أو  الحادث  مكان  في  تأخير  أي  بدون 
الطريق الهوائي و المحافظة على ثبات النخاع الرقبي هي عوامل مهمة 
في تخفيف خطورة الأذية العصبية الثانوية أكثر من أي تقنية أخرى.  
الرأي الحالي هو أن التنبيب الفموي بعد المباشرة الوريدية و استخدام 
المرخيات العضلية مع تثبيت النخاع الرقبي هو أكثر سلامة و أسرع 
لانجاز التنبيب  للمريض متوقع لديه أذية في النخاع الشوكي الرقبي 
الرقبي  النخاع  الهوائية والمحافظة على ثبات  الطرق  )CSI(.  معالجة 
هي عوامل مهمة في تخفيف خطورة الأذى العصبي الثانوي أكثر من 
أي تقنية أخرى.  يرى الرأي العام أن التنبيت الفموي بعد المباشرة 
الوريدية و استخدام المرخيات العضلية مع تثبيت النخاع الرقبي هي 
من أكثر الطرق سلامة وسرعة لانجاز التنبيت لمريض يتوقع لديه أذى 

.)CSI( في النخاع الشوكي الرقبي
In this review, important factors related to initial 
management, diagnosis, airway, and anesthetic 
management of patients with cervical spine injury (CSI) 
are discussed. Early diagnostic and clinical evaluation is 
important in excluding CSI. In-line stabilization reduces 
movement of the cervical spine. Tracheal intubation 
under fiberscopic control, offers safety, and comfort to 
the patient. However, in cases of severe deterioration of 
vital functions, intubation must be performed without 
any delay at the site of the accident or in the emergency 
room. Early airway management and maintenance of 
spinal immobilization are more important factors in 
limiting the risk of secondary neurological injury than 
any particular technique. The current opinion is that oral 
intubation after intravenous induction of anesthesia and 
muscle relaxation along with in-line stabilization is the 
safest and quickest way to achieve intubation in a patient 
with suspected CSI.
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Criteria for cervical spine clearance. A cervical spine 
injury should be suspected in all injury mechanisms 
involving blunt trauma. Patients with injury above 
the clavicles are at increased risk, and this risk increase 
4-fold with clinically significant head injury (Glasgow 
coma scale <9). Cervical spine injury is often occult, and 
secondary injury to the cervical cord must be avoided.  
There is a consensus on the approach to the alert patient, 
but the best strategy for clearing the cervical spine in a 
patient with altered mental status is controversial. The 
Eastern Association for the Surgery of Trauma (EAST) 
has published guidelines for identifying CSIs after 
trauma.2 Clinical criteria for the exclusion of CSIs have 
been proposed in order to reduce unnecessary x-ray 
exposure and cost. The NEXUS database has been used 
to test the validity of a set of 5 clinical criteria for clearing 
the cervical spine without the need for radiographs: 
no posterior midline cervical spine tenderness, no 
intoxication, alert, no focal neurological deficit, and 
no painful distracting injuries.3 The performance of 
this decision instrument was examined prospectively 
in 34,069 patients who underwent radiography of the 
cervical spine after blunt trauma. The decision tool 
identified all except 8 out of 818 patients who had 
CSIs. Only 2 of these patients had a clinically significant 

injury. The trauma patients who do not satisfy clinical 
criteria for the exclusion of CSIs should have 3-view 
cervical radiography: a lateral cross-table view revealing 
the base of the occiput to the first thoracic vertebrae, an 
anterior-posterior view, and an open-mouth odontoid 
view revealing the lateral masses of the first cervical 
vertebra and entire odontoid process.4 All 7 vertebrae 
must be examined because 20-30% of all cervical spine 
injuries are at C7. Putting the arms and shoulders caudal 
may be necessary to see C7. Axial CT scans: with sagittal 
reconstruction are required for any areas that cannot 
be visualized or suspicious. We can assess the stability 
of the cervical spine by flexion/extension fluoroscopy. 
This approach is recommended in the updated EAST 
guidelines for trauma patients with altered mental 
status not expected to regain full consciousness for more 
than 2 days.5 Magnetic resonance scan of the cervical 
spine may reveal the ligament injury without the need 
to stress the spine, but it is expensive and technically 
difficult in patients undergoing invasive monitoring, or 
who are too severely ill to be in the scanner for a long 
time. Although MRI is highly sensitive for detecting 
soft tissue injuries, fractures in the posterior elements 
can easily be missed.

Spinal cord injury without radiological abnormality 
(SCIWORA). It is a well-recognized condition in 
children, but rare in adults. A relatively large head, 
mobile cervical spine, and lax ligament make the cord 
vulnerable during blunt trauma. The most likely pattern 
of injury associated with SCIWORA is the central cord 
syndrome, which presents with weakness in the limbs, 
worse in the arms, with a variable amount of sensory loss 
below the level of the lesion. An MRI is the investigation 
of choice for SCIWORA.

Assessment. The fully conscious, talking patient 
can maintain his airway and needs no further airway 
manipulation. However, the patient’s status may 
deteriorate at any time.  The airway, breathing, and 
circulation (ABC) must constantly be reassessed. The 
following categories of patients require a definitively 
secured airway: 1) Apnea, 2) Glasgow coma scale <9 or 
sustained seizure activity, 3) Unstable midface trauma, 
4) Airway injuries, 5) Large frail segment or respiratory 
failure, 6) High aspiration risk, and 7) Inability to 
otherwise maintain an airway or oxygenation.

The urgency of airway intubation is the most 
important factor in planning which technique of 
securing the airway is the safest and most appropriate. 
One must evaluate and assess the risk of further cord 
injury given head and neck movement, the degree of 
cooperation from the patient, anatomy, and trauma to 
the airway, and one’s own expertise in each technique.

Airway management. The primary objective while 
managing the patient airway with potential CSI is to 

Figure 1 - Distribution of 1195 fractures by cervical spine level.

Figure 2 - Distribution of dislocations and subluxations (n=231) by cervi--
cal spine level.
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minimize the movement of the neck, and secure the 
airway rapidly and efficiently. The urgency of airway 
intervention is the most important factor in planning 
airway management for patients with potential CSI. 
Initially, the airway should be cleared of debris, blood, 
and secretions. If necessary, the airway should be 
opened using the “chin lift” or “jaw thrust” maneuvers. 
The “sniffing the morning air” position for standard 
tracheal intubation flexes the lower cervical spine and 
extends the occiput on the atlas.  However, studies 
have shown that “jaw thrust” and “chin lift” both cause 
distraction of at least 5 millimeter in a cadaver with C5/6 
instability. This movement was unaffected by the use of 
a rigid collar. Manual stabilization did however reduce 
movement. An oral (Guedel) or nasopharyngeal airway 
may be necessary to maintain patency until definitive 
airway management. Insertion of an airway produces 
minimal disturbance to the cervical spine. A bag and 
mask ventilation also produce a significant degree of 
movement at zones of instability.

Pre-hospital. Adequate oxygenation of a trauma 
patient is a priority, and is often required before admission 
to the hospital. Pre-hospital airway interventions 
provide a high success rate and low complication rate 
when undertaken by the emergency medical services. 
However, when emergency physicians were compared 
with anesthetists using a rapid sequence induction in 
an out-of-hospital environment, the non-anesthetists 
were twice as likely to fail to intubate and to need to 
undertake a surgical airway.

Direct laryngoscopy and manual in-line neck 
stabilization. The safest method of securing a tracheal 
tube remains debatable. Generally, the technique 
used should be the one the operator is most familiar 
with. One should know that during normal direct 
laryngoscopy and oral intubation significant extension 
occurs between the occiput and C1, and between C1 
and C2. The ATLS recommends, a nasotracheal tube 
in the spontaneously breathing patient and orotracheal 
intubation in the apneic patient. Manual in line axial 
stabilization must be maintained throughout the 
procedure. In the resuscitation room, the most common 
approach to intubation of the multiply-injured patient 
with potential CSI is a rapid sequence induction and 
oral intubation while maintaining the cricoid pressure 
and manual in line neck stabilization (MILNS). The 
MILNS is provided by an assistant who holds the 
patients mastoid process firmly down, opposing the 
upward forces generated during laryngoscopy. In 
anesthetized patients, this maneuver reduced head 
extension by 50% and increases the safety of direct 
laryngoscopy. However, in a cadaver study of injuries 
at C4 it did not reduce movement.6  At shock trauma 
center  in Baltimore, Maryland, in Baltimore, Maryland, 

more than 3000 patients were intubated orally with a 
method modified rapid sequence induction technique 
with pre oxygenation and cricoid pressure. Ten percent 
of these patients were found to have CSI and none 
deteriorated neurologically following intubation. 
Atlanto-occipital extension is necessary to bring the 
vocal cords within the line-of-sight of the mouth. Thus, 
patients with unstable C1 and C2 injuries might be at 
more risk from this technique. Axial traction must be 
avoided as excessive destruction may injure the spinal 
cord. The view at laryngoscopy is better with MILNS, 
when we compare it with rigid-collar immobilization. 
If a cervical collar is left on during laryngoscopy the 
view obtained will often be grade 3 or 4.7 Once MILNS 
has been applied, the rigid collar should be removed 
and then reapplied when successful placement of the 
tracheal tube has been confirmed. The gum elastic 
bougie is an important adjunct during laryngoscopy 
in patients with suspected CSI. By accepting a view 
of only the arytenoids and using a gum elastic bougie 
for intubation, the laryngoscopist uses less force and 
minimizes cervical spine movement. Although direct 
laryngoscopy and oral intubation are the most common 
method for securing the airway in the trauma patients 
with a potential CSI, its safety is debated. There are 
cases reported in the literature of quadriplegia following 
laryngoscopy without manual stabilization.

Laryngoscopes. Various studies have examined 
the potential advantages of various laryngoscopes for 
intubation of the patients with a potential CSI. In a 
comparison of the Macintosh with the straight bladed 
Miller laryngoscope,8 there was no difference in cervical 
spine movement and glottic views. Another study showed 
less axial distraction with the Miller blade compared 
with the Macintosh and the McCoy laryngoscope.9 The 
views obtained with the McCoy levering laryngoscope 
have been compared with those achieved with the 
Macintosh in patients with simulated CSI.10 The view 
of vocal cords with the McCoy was improved by at least 
one grade in 49% of cases, and by 2 grades in 10% 
of cases. The Bullard laryngoscope is a rigid fiberoptic 
laryngoscope, which allows visualization of the larynx 
without having to align the oral, pharyngeal, and 
tracheal axes. It therefore has a potential role in the 
management of patients with CSIs. In comparison 
with the Miller and Macintosh blades, the Bullard 
laryngoscope produces less head extension and neck 
movement and produces better glottic views. Problems 
with the Bullard laryngoscope include prolonged times 
to intubation, fogging and occasionally, an inability to 
pass the tracheal tube through the glottis. 

Angulated video-intubation laryngoscope. This 
laryngoscope has a blade with an angulated tip similar 
to the McCoy laryngoscope but includes a fiberoptic 
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bundle so that the view from the tip of the blade can 
be seen on the monitor. By applying this laryngoscope 
with manual in-line neck immobilization in a group of 
children, significantly better view was achieved than 
those achieved with direct laryngoscopy.

Cricoid pressure. Assuming a full stomach in all 
the trauma patients, application of cricoid pressure is 
mandatory during rapid sequence induction to reduce 
the risk of pulmonary aspiration from passive gastric 
regurgitation. It can be applied by one or 2 hands. 
The 2 handed technique may produce a better view at 
laryngoscopy, and may result in less movement at the 
side of a CSI. When measured with external markers 
on anesthetized patients, cricoid pressure caused 
5 mm of neck movement. However, in a more recent 
cadaver study using lateral cervical spine x-rays, the 
application of cricoid pressure causes negligible cervical 
spine movement. However, incorrectly applied cricoid 
pressure can make laryngoscopy and mask ventilation 
more difficult or impossible.11

Awake intubation. Many anesthesiologists advocate 
awake intubation as the safest method of securing 
the airway in a patient with CSI. It is thought that 
preservation of muscle tone provides protection, 
and spinal integrity can be monitored during airway 
manipulation. Awake intubation is particularly favored 
when the need for intubation is not urgent. However, 
in this technique, intubation is slower than rapid 
sequence induction, and in acute trauma patients it 
may increase the risk of aspiration and can increase 
intracranial pressure. Awake techniques are blind 
nasal, blind oral, and fiberoptic intubation, requiring 
considerable training, and a cooperative patient. Blind 
nasal intubation is complicated by epistaxis in up to 
60% of attempts, and by laryngospasm and esophageal 
intubation. The reported success rates are highly 
variable, from a 7% success among advanced trauma 
life support providers in the United Kingdom12 to 92% 
in American resident physicians.13 Fiberoptic intubation 
is most valuable in patients with CSI. In cadavers with 
C3 injury, fiberoptic nasal intubation produced no 
movement of the unstable segment when assessed by 
videofluoroscopy.14 But again, in the acute situation, 
blood and secretions may make fiberoptic intubation 
impossible.

Laryngeal mask airway. The laryngeal mask airway 
(LMA) is now widely accepted as a useful device in 
case of failed intubation or difficult airways,15 and has 
been used when attempts to intubate trauma patients 
have failed.16 The LMA can be inserted easily in the 
neutral position, and has therefore been considered for 
use in patients with cervical spine instability. Although 
conventional LMA does not protect the airway against 
aspiration, the risk of aspiration has been overstated. 

The intubating LMA is a modified LMA, we can insert 
a tracheal tube through it either blindly or using a 
fiberoptic bronchoscope. Standard insertion requires a 
neutral position, and no manipulation of the head and 
neck. The intubating LMA has been used successfully 
for blind intubation in patients undergoing cervical 
spine operations.17 The standard LMA and intubating 
LMA have been shown to cause a temporary pressure 
greater than 250 cm of water against the posterior 
pharyngeal wall during insertion in cadavers. This 
pressure is enough to cause displacement of C3 up to 2 
mm.18 During insertion and intubation, the intubating 
LMA causes some movement in the upper cervical 
spine, but it was less than that produced during direct 
laryngoscopy. The cricoid pressure makes insertion of 
an LMA or intubating LMA more difficult because, 
if properly applied, it inevitably prevents the correct 
positioning of the device over the larynx. Cricoid pressure 
applied after the insertion of an intubating LMA makes 
it difficult to pass a tube into the trachea. The ProSeal 
LMA incorporates a gastric drainage tube through 
which a tube can be passed to drain the stomach. The 
gastric drainage tube will channel any regurgitated fluid 
away from the respiratory tract. The ProSeal LMA has a 
deeper bowl for the mask than the standard LMA, with 
an additional cuff on the dorsal side. As a result of these 
modifications, the airway-sealing pressure achievable 
with the ProSeal LMA are at least 10 cm H2O higher 
than those with the standard LMA. Like the standard 
LMA, the Proseal LMA can be inserted in the neutral 
position making it an attractive option in the patient 
with a potential CSI, either as a rescue device when 
intubation has failed or when personnel are not trained 
in intubation.

Surgical airway.    When oral or nasal tracheal 
intubation is impossible or contraindicated, 
cricothyroidotomy will establish a secure airway. However, 
this procedure is infrequent and in inexperienced, hands 
the success rate is as poor as 60-70%. In patients with 
CSI, excessive neck movement should not be allowed. 
In a cadaver model with a complete C5\6 transaction, 
cricothyroidotomy resulted in 1-2 mm anteroposterior 
displacement and one mm axial compression. 

In conclusion, there is a consensus on how to 
clear the cervical spine in patients who are alert, but 
in patients with altered mental status the choice of 
strategy for spinal clearance is still controversial. As 
long as MILNS is applied, rapid sequence induction 
of anesthesia, followed by direct laryngoscopy, and 
intubation, appears to be safe in CSI patients. Prolonged 
hypotension or malpositioning after intubation have as 
much potential for causing neurological injury as the 
intubation itself. For patients requiring urgent airway 
control, we recommend rapid sequence induction 
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followed by orotracheal intubation with cricoid 
pressure and manual inline stabilization of head and 
neck. If intubation is not urgent, an awake fiberoptic 
technique is a useful option. The LMA, ProSeal LMA, 
and intubating LMA, are useful alternative airways if 
tracheal intubation is not possible.
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