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Purpose of review

The present review focuses on similarities and discrepancies in the management of

emergent and elective unstable cervical spine (C-spine) patients.

Recent findings

During mobilization, lifting is superior to rolling in limiting spine movements. Before

prone position surgery, the transfer of the patient on a rotating table is preferable to

rolling. In trauma patients, helical computed tomography (CT) with sagittal

reconstruction is the first choice for clearing the C-spine. In those patients, airway

compromise may be related to hidden cervical edema or hematoma. Several devices

can be of help in performing safe tracheal intubation in patients with limited neck

movements, but awake fiberoptic intubation remains the safest procedure. The muscle

relaxant antagonist sugammadex can improve safety for rapid sequence induction. It can

rapidly reverse profound steroid-based neuromuscular blockade and allows avoidance

of succinylcholine in this indication. Propofol anesthesia better prevents coughing upon

emergence than inhaled anesthesia. Neuroprotection in cord-damaged patients is

disappointing, and the controversy on the efficacy of high-dose methylprednisolone is

not closed. Nevertheless, maintenance of homeostasis remains the cornerstone of

neuroprotection.

Summary

Subtle details differentiate the management of emergent and elective unstable C-spine

patients. In both situations, the presence or the absence of a neurological insult governs

the therapeutic strategy.
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Introduction
Specific problems related to the anesthetic management

of unstable cervical spine (C-spine) patients include

mobilization, maintenance of a patent airway, choice of

anesthetic agents and recovery from anesthesia, neuro-

protection, maintenance of homeostasis and systemic

complications [1]. Although the general principles of

management are similar, subtle details in the answers

to these problems differ between emergent and elective

cases, and can affect outcome. This study will focus on

the similarities and discrepancies between both situa-

tions, in light of the most recent literature. The tables will

help the reader to compare at a glance each issue in both

patient categories.
Mobilization
Prehospital care of patients suspected of unstable

C-spine (which includes almost all trauma patients)

necessitates in-line stabilization before mobilization
opyright © Lippincott Williams & Wilkins. Unauth
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and manipulation of the airway for tracheal intubation.

This is also true when managing an elective case for

surgery, at the time of transfer to the operating table and

at the time of induction of anesthesia (Table 1).

In addition to the use of a rigid cervical collar, which

protects the cervico-dorsal junction poorly, several tech-

niques are proposed to limit the risk of further vertebra

displacement and secondary neurological injury. These

maneuvers are not necessarily easy to perform outside

the hospital, and help from surrounding witnesses may

be required. When a scoop stretcher is not available, the

methods alleviating rolling of the patient such as the

so-called ‘lift-and-slide’ or the ‘six-plus-person lift’

method appear to be the best alternatives for limiting

motion of the spine [2�]. These conservative measures

must be used until the C-spine is cleared from any

unstable lesion, particularly in unconscious patients.

Lateral and antero-posterior plain radiographs with an

open-mouth view have long been considered the gold

standard for clearing the C-spine, but they may miss a
orized reproduction of this article is prohibited.
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Table 1 Comparative statement of mobilization management in

emergent and elective unstable cervical spine patients

Emergent Elective

General principles

In-line stabilization
Rigid cervical collar (poorly protects cervico-dorsal junction)

Prefer scoop stretcher
Lifting preferable to rolling

Clearing the C-spine Prone position

Helical CT with sagittal
reformat

Rotating table safer than manual
rotation

Plain lateral view Position on operating tray
MRI if feasible

C-spine, cervical spine; CT, computed tomography.
substantial amount of bone, soft tissue or noncontiguous

injuries [3,4]. It is recommended that all nonfully con-

scious trauma patients, or patients under the influence of

sedative drugs or alcohol, as well as those with neck pain,

swelling or tenderness, or with neurological deficit,

undergo radiological exploration including computed

tomography (CT) and MRI [5].

The performance of the helical CT with sagittal reformat

of the spine is good at excluding unstable lesions [6�,7�].

MRI is suited to detect soft tissue and noncontiguous

lesions but may miss lesions to the posterior wall of

the spine [8] and may not be easy to perform in an

unstable patient. Dynamic fluoroscopy can be dangerous

for the spinal cord and must be performed by skilled

senior personnel only. Hence, an early helical CT with

reconstruction, associated with a plain lateral view, is

probably the most attractive option for clearing the

C-spine [5,9�].

Similar precautionary principles apply to mobilization in

elective cases. When surgery is to be performed in the

prone position, previous manual transfer of the patient on

a rotating table with manual in-line cervical stabilization

is safer than a simple manual rotation [10�]. Attention
opyright © Lippincott Williams & Wilkins. Unautho

Table 2 Comparative statement of tracheal intubation managemen

Emergent

Factors of d

Rigid cervical collar
Maxillofacial trauma
Full stomach
Need for rapid safeguarding of the airway
Swelling of upper airway

Goal to ac

Limit neck m
Techniq

Two-hand cricoid pressure
Manual in-line stabilization
Direct laryngoscopy (reasonable flexion or extension)
Helping devices
Alternative airway control
Intubation through LMA (possible posterior displacement of C-spine)
Retrograde tracheal intubation, cricothyrotomy

C-spine, cervical spine; LMA, laryngeal mask airway.
should also be paid to the position on the operating table

to avoid any C-spine angulations.
Maintenance of a patent airway
Ensuring an open and secure airway in trauma patients

often requires tracheal intubation. This can be particu-

larly challenging, as these patients frequently present

with a concomitant maxillofacial trauma, in addition to an

immobilized neck by the rigid collar, a full stomach and

the need for rapid safeguarding of the airway to prevent

aspiration. C-spine-injured patients may even develop

upper airway obstruction due to soft tissue swelling or

hematoma in the absence of any other concomitant

trauma [11�,12]. The goal is to limit neck movements

as much as possible, without jeopardizing the chances of

success (Table 2). Cricoid pressure should ideally be

applied with two hands, one on the back of the neck

and one on the cricoid, in order to limit C-spine move-

ments [13]. Direct laryngoscopy with manual in-line

stabilization and the use of a stylet is considered by many

to be the standard of care. It works well in good hands, but

in-line stabilization may degrade the laryngoscopic view.

Hence, some authors suggest that reasonable flexion or

extension of the head may facilitate prompt intubation

without increasing the risk of secondary injury [14].

Nevertheless, adjunctive devices such as optical stylets

[15], levering laryngoscopes, fiberoptic laryngoscopes

[16�], videolaryngoscopes or other imaging devices

should ideally be available [17]. Failure to intubate

may necessitate alternative airway control devices such

as the combitube [18] or intubation through laryngeal

mask airways (LMA) [19]. Of note, these devices exert

pressure against the cervical vertebrae and may produce

posterior displacement of the C-spine [20]. Extreme

emergencies and failure of other techniques may require

retrograde tracheal intubation [19] or emergency crico-

thyrotomy. In any event, the personal experience of the
rized reproduction of this article is prohibited.

t in emergent and elective unstable cervical spine patients

Elective

ifficulty

Rigid cervical collar
Maxillofacial trauma
Swelling or edema of airway
Halo traction

hieve

ovement
ue

Planned strategy
Awake fiberoptic intubation safest, nasal route
Awake intubation through LMA
Classical oral route: manual in-line stabilization and helping devices
Blind nasal intubation
Surgical tracheostomy
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practitioner will be the primary determinant in choosing

the strategy.

Three major differences exist between elective and

emergent patients regarding tracheal intubation. First,

their stomach can usually be considered empty, and

cricoid pressure is not necessary. Second, some patients

are placed in halo traction prior to surgery, which is an

additional factor predisposed to impair the laryngoscopic

view. Third, difficult intubation may be anticipated and

appropriate strategies planned. In that case, awake fiber-

optic tracheal intubation is considered the safest in terms

of limiting C-spine movements [21�]. The nasal route is

usually preferable in that case. Awake intubation through

an intubating LMA is another option [22]. Otherwise, in-

line stabilization by a second operator and the use of the

above-mentioned adjunctive devices permit a relatively

easy tracheal intubation in most patients. The oral route

is commonly chosen, but, when conventional intubation

fails, blind nasal intubation may be an alternative. Surgi-

cal tracheostomy remains the exception.
Choice of anesthetic agents and recovery
from anesthesia
Emergent induction of anesthesia and maintenance of

sedation in unstable C-spine trauma patients must take

into account the full stomach, the existence of eventual

neurological deficits and concomitant bleeding or brain

injuries, and the need for rapid reversal to permit neuro-

logical evaluation within a reasonable timeframe. The

full stomach necessitates a rapid sequence induction,

which usually requires muscle relaxation. Succinylcho-

line is often used, especially when a difficult intubation is

anticipated. However, nondepolarizing neuromuscular

blocking (NMB) agents are preferable, as they do not

increase neuraxial pressure and do not induce fascicula-

tion, which may provoke movement along the axis of the
opyright © Lippincott Williams & Wilkins. Unauth

Table 3 Comparative statement of anesthesia and recovery manage

Emergent

Inducti

Rapid sequence induction
Prefer nondepolarizing NMB
Short acting medications
Few hemodynamic effects (etomidate ¼ first choice)
Opiates: remifentanil causes hypotension

Mainten

Continuous infusion – propofol – midazolam
Opiates
Avoid nitrous oxide
NMB if very unstable

Recove

Early (neurologic
As smooth as
Preemptive a

Inhaled anesthesia causes
Extubation at substantial residual hypnotic

NMB, neuromuscular blocking; TIVA, total intravenous anesthesia.
spine. The alternative to succinycholine is a 1.2 mg kg�1

bolus of rocuronium. It offers good intubation conditions

within a timeframe of 60 s [23], but has a prolonged

duration of action. Should there be an unanticipated

difficult intubation, the profound neuromuscular block-

ade can safely be reversed by sugammadex [24�],

although the drug is not yet approved in the United

States. The choice of the hypnotic agent should be

oriented toward short-acting medications, which produce

minimal hypotension and no potentially harmful effects

on the central nervous system. Emergent induction with

propofol, benzodiazepines or barbiturates may induce

profound hypotension, particularly in bleeding patients.

Hence, etomidate should be considered in case of

unstable hemodynamic conditions. Ketamine at hypnotic

doses is a priori contraindicated because of its effect on

neuraxial pressure, but is potentially neuroprotective and

may still be safely used in combination with low doses of

hypnotic agents that will counterbalance the rise in

neuraxial pressure. Analgesia can be provided by opiates,

but the possibility of prolonged apnea should be kept in

mind in case of unanticipated difficult tracheal intuba-

tion. Although short acting, remifentanil should be used

with caution, as it may result in significant hypotension

[25]. Once the patient is stabilized, the maintenance of

sedation can be achieved using continuous infusions of

opiates and either propofol or midazolam. Owing to its

effect on neuraxial pressure and its, although controver-

sial, neurotoxic properties, nitrous oxide should be

avoided [26�]. Muscle relaxation should be maintained

only to alleviate unexpected movements if the lesion is

very unstable and if deep anesthesia compromises

hemodynamic stability.

Elective induction of anesthesia in unstable C-spine

patients mainly depends on the intubation technique

(Table 3). In addition to loco-regional anesthesia of

the upper airway, light sedation with a continuous infusion
orized reproduction of this article is prohibited.

ment in emergent and elective unstable cervical spine patients

Elective

on

Sedation with ketamine and propofol for awake tracheal intubation
Short acting medications
No specific restriction on hypnotics or opiates
Avoid succinylcholine

ance

Inhaled anesthesia – TIVA
Adjuvants (ketamine, a2-agonists, lidocaine, etc.)
NMB not necessary

ry

al evaluation)
possible

nalgesia
coughing in smokers

agent concentrations to limit coughing
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Table 4 Comparative statement of neuroprotection in emergent

and elective unstable cervical spine patients

Emergent Elective

High dose methylprednisolone

Controversial No supplemental dose
if received on admission

Hypothermia

No randomized controlled trial Normothermia
Prefer low normothermia

Maintenance of homeostasis

Probably the most efficient in preventing secondary
neurological damage

Others

Several candidates but no strong evidence
of propofol and injection of small doses of ketamine, or a

continuous infusion of dexmedetomidine [27], may facili-

tate awake tracheal intubation. In case of asleep tracheal

intubation, the choice of anesthetic agents for induction

and maintenance will mainly depend on the personal

experience of the practitioner. Inhaled anesthesia is feas-

ible, but may cause coughing at the time of recovery,

particularly in smokers [28�]. Muscle relaxation is not

mandatory during the procedure, except for a single dose

at induction to facilitate tracheal intubation. It should be

kept in mind that succinylcholine is contraindicated in

patients whose cord was damaged more than 24 h before,

because of the risk of severe hyperkalemia. Opiates, in the

form of either a continuous infusion or intermittent

boluses, are necessary to ensure the antinociceptive com-

ponent of anesthesia. Adjuvant medications such as small

doses of ketamine or a continuous infusion of a2-adrener-

gic agonists or lidocaine, although not studied in this

specific indication, can help in balancing the anesthetic

regimen and improving stability during the procedure.

Whenever possible, early emergence and extubation

should be planned in order to allow rapid neurological

evaluation. Recovery must be as smooth as possible.

Preemptive analgesia will limit the hemodynamic

bounce. Provided that the quality of spontaneous venti-

lation and the level of consciousness are adequate, extu-

bation can occur at a substantial residual hypnotic agent

concentration in order to decrease the risk of coughing

[28�,29].
Neuroprotection
In spinal cord-injured patients, specific therapeutic

measures for neuroprotection have been disappointing

thus far. Several pharmacological neuroprotective agents

have been proposed for preventing the secondary neuro-

logical insult, but none of them have been proven to be of

sufficient efficacy to support their use as a standard of

care. Progress is not easy in that domain and may require

the combination of several substances in the future [30].

In particular, the controversy on high dose methylpred-

nisolone is still ongoing [31�,32�] (Table 4). Proponents of

the pros mainly argue that even minimal improvement in

neurological function can have a crucial impact on the

quality of life, whereas proponents of the cons put for-

ward the severe detrimental side effects that would far

outweigh the benefits. Hence, clinicians are left with no

definitive answer [33], and the majority still use it. For

elective cases, there seems to be no advantage in admin-

istering supplemental prophylactic steroids if patients

have already received them on hospital admission [34].

Hypothermia is gaining popularity but, to date, no

randomized controlled clinical trial has been performed

in this indication [35�]. To limit the side effects of

hypothermia, most authors suggest the use of mild
opyright © Lippincott Williams & Wilkins. Unautho
hypothermia or low normothermia [36]. Many other

options are promising, targeting several events along

the cascade of secondary neurological insult, and may

prove to be efficient in the future [37,38]. In the mean-

time, the continuous maintenance of homeostasis

remains the most accepted neuroprotective measure.

This will be discussed below.
Maintenance of homeostasis
The management of emergent or elective unstable

C-spine patients must always be governed by the main-

tenance of normal blood pressure (BP), volume status,

tissue oxygenation, glycemia and the control of body

temperature (Table 5). This is particularly true for neuro-

logically disabled patients in whom any episode of low

BP, anemia, hypoxemia or hypoglycemia may worsen the

neurological deficit. In those patients, a mean arterial BP

of at least 90 mmHg is recommended for 7 days after the

initial trauma to ensure adequate perfusion of the suffer-

ing neural tissue [39]. Patients with impaired sympathetic

tone (T1–T4 lesions) are at increased risk of bradycardia

and hypotension [40], particularly when changing the

patient’s position. In those patients, severe and refractory

hypotension is referred to as a spinal shock, which may

require the use of vasoactive amines. Cord-damaged

patients are also at risk of autonomic dysreflexia, which

is characterized by the occurrence of paroxysmal hyper-

tension and bradycardia in response to a stimulus occur-

ring below the level of the spinal cord injury [40]. This

syndrome is usually not present during the first days

following the trauma and, therefore, mainly concerns

elective cases. As neural tissue is particularly sensitive

to acute anemia, the threshold for transfusion of red blood

cells should be raised up to a level that is unfortunately

not precisely defined [41�]. It seems reasonable to keep

the hemoglobin level higher than 8 g dl�1. Volume status

should be regularly assessed and maintained using iso-

tonic crystalloid solutions. Owing to impermeability of

the blood–brain barrier capillaries to ions, fluid move-

ment across them is mainly governed by the transcapil-

lary ionic gradient, and the use of hypotonic solutions will
rized reproduction of this article is prohibited.
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Table 5 Comparative statement of homeostasis maintenance in emergent and elective unstable cervical spine patients

Emergent Elective

Hemodynamics

MAP >90 mmHg for 7 days in case of neurological lesion Maintain normal blood pressure
Possible spinal shock Possible autonomic dysreflexia

Volemia

Normovolemia
Isotonic crystalloids or colloids

Hemoglobin

Neural tissue sensitive to acute anemia – raise transfusion threshold (>8 g dl�1)
Oxygenation

Adequate ventilation Adequate ventilation
Early mechanical ventilation
Early thoracic drainage if needed

Glycemia

Avoid hyperglycemia as much as possible
Never permit hypoglycemia

MAP, mean arterial pressure.
automatically worsen eventual edema of neural tissues.

For the same reason, colloid solutions can be used but

will not prevent the formation of edema. Adequate

ventilation and blood oxygenation may be a problem

in patients with concomitant thoracic trauma, and aggres-

sive measures such as controlled ventilation, increased

inspired fraction of oxygen and thoracic drainage should

be undertaken early. Although glycemic control has been

shown to improve outcome after acute neurological

injury, controversy exists regarding the levels to be

targeted [42]. Avoiding hyperglycemia is clearly bene-

ficial, but prolonged hypoglycemia has been known for a

long time to be detrimental for neural tissues. Thera-

peutic strategies should, therefore, aim at avoiding hypo-

glycemia at all costs, without accepting too high glucose

levels. Unfortunately, the current literature does not

precisely define the range of acceptability. Finally, as

already mentioned above, temperature control should

target low normothermia during the first hours following

the initial trauma in cord-injured patients and normother-

mia in the others.
Systemic complications
Systemic complications in unstable C-spine patients

mainly depend on the presence of a neurological injury.

The possible above-mentioned spinal shock and auto-

nomic dysreflexia necessitate intensive care management

to allow adequate neurological, cardiac, hemodynamic

and respiratory monitoring [43]. Several complications

essentially arise from prolonged immobilization. Hence,

early stabilization of the C-spine is recommended [44].

Immobilized patients are at very high risk of thrombo-

embolic complications. Aggressiveness of prophylaxis

will depend on the expected duration of immobilization

and the means for prevention range from low-molecular-

weight heparin to rotating beds, elastic or pneumatic

compression stocking and electrical stimulation [45].

As in all traumatized patients, caloric requirements are
opyright © Lippincott Williams & Wilkins. Unauth
increased and appropriate nutritional support should be

provided [46]. An increased risk of infection also exists;

aspiration, prolonged tracheal intubation, reduced ability

to clear secretions, atelectasis, high-dose steroids and

dysfunctional immune responses all favor the occurrence

of respiratory and/or urinary tract infections. Other issues

of concern are stress ulcer, upper gastrointestinal bleed-

ing, ileus and occult peritonitis. The possible occurrence

of these complications should be anticipated and ade-

quate preventive measures undertaken.
Conclusion
Several steps have been taken recently for improving the

management of unstable C-spine patients, notably in

terms of well tolerated mobilization and tracheal intuba-

tion, and in terms of quality of recovery from anesthesia.

Some questions remain open, particularly with regard to

neuroprotection, glycemic control and thresholds for

transfusion in cord-damaged patients. As several con-

founding factors may introduce bias in the results of

clinical studies investigating those issues, progress is

not easy. However, the research still goes on, and hopes

for the future are not out of place.
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