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Abstract
Background: Patients with atlanto axial dislocation (AAD) undergo stabilisation procedures
under general anesthesia. Airway management in these patients is difficult as cervical spine
movements during laryngoscopy can worsen spinal cord damage. Though multiple airway devices
are used to intubate the trachea of these patients, there is no evidence of superiority of one technique
over another. This retrospective study was designed to audit the practice of airway management
during surgery for AAD over a 5 year period, starting from 2006 till 2011.
Methods: Patients’ demographics, airway intervention techniques, types of surgical
procedures, postoperative neurological and respiratory deterioration were recorded from the case
files. Association between the types of airway interventions and the postoperative neurological and
respiratory deterioration were analysed.
Results: One hundred and six patients underwent surgery for AAD during the study period.
Sixty one percent of the patients were intubated with the help of a fiberoptic bronchoscope (FOB)
and among them 15% received general anesthesia to facilitate FOB. Eighteen patients developed
neurological deterioration and 15 patients developed respiratory weakness requiring ventilation
postoperatively. Congenital AAD patients had higher chances for extubation at the end of surgery
when intubated using FOB (p=0.007). Among the AAD patients, female gender had significantly
higher incidence of neurological deterioration compared to males.
Conclusion: In the current audit, there was no correlation between the perioperative variables
and postoperative respiratory and neurological deterioration. Most of the respiratory problems
occurred between 2-5 postoperative days stressing the need for extended intensive postoperative
monitoring of these patients.
Keywords: airway, atlanto-axial dislocation, complication, cervical spine surgery, fiberoptic
bronchoscopy.
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Introduction
Atlanto axial dislocation (AAD) is characterized
by excessive movement and displacement at the
junction between the atlas (C1) and axis (C2) of cervical
spine, leading to instability. The causes of AAD are
varied and include congenital anomalies, syndromes
like Klippel-Fleil and Down's syndrome, metabolic
diseases, tuberculosis, trauma and rheumatoid
arthritis. Depending on the extent of cervical spinal
cord compression, the patients’ symptoms vary from
isolated neck pain to complete quadriparesis with
respiratory difficulty1,2. To stabilise the spine, these
patients undergo transoral odontoidectomy with or
without posterior cervical fusion. When these patients,
with unstable cervical spine undergo surgery, several
techniques are adopted to secure the airway with an
endotracheal tube. Airway management in these
patients presents a challenge to the anesthesiologist
because movement of the upper cervical spine
during intubation could exaggerate the dislocation,
resulting in spinal cord injury3. Currently, various
airway equipment are used to secure the airway in
these patients, but there is no evidence to prove the
superiority of one technique over another. There is no
reliable literature on the frequency with which different
alternative techniques of airway management are used
over the conventional laryngoscopy and intubation.
Also, there is no evidence to show that one particular
technique is associated with greater degree of injury to
the spinal cord over other. Choice of airway equipment
used during anesthesia depends on the availability,
expertise and the patient characteristics. The present
retrospective study was designed to audit the current
practices of securing airway using different airway
equipments in patients undergoing surgery for AAD in
our centre over the last five years.

Materials and Methods
The study was approved by the Institutional
Ethics Committee. Anesthesia register maintained
in the operation theatre was screened for identifying
patients operated upon for AAD from January 2006
till December 2011. The anesthesia charts and the
progress notes maintained in the case files of these
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patients were reviewed for the following data – age,
gender, etiology of AAD, results of pre-operative
pulmonary function tests, surgical approach (anterior,
posterior or combined), method of securing the airway
(direct laryngoscopy, fibreoptic intubation, McCoy
blade), anesthesia for intubation (awake vs general
anesthesia with muscle relaxants), intraoperative
management (duration of surgery, intake of fluids,
urinary output, blood transfusion), early vs delayed
extubation, postoperative course, any deterioration
in the neurological status (decrease in muscle power
by one grade compared to preoperative value and
respiratory muscle weakness requiring intervention) or
any other complications.

Statistical Analysis
The patients’ demographics, type of surgery,
incidence of complications and airway techniques are
expressed as numbers and percentages and volume of
perioperative fluids and blood are expressed as mean
and standard deviation. Association of the airway
interventions, etiology of AAD, and surgical approach
with postoperative neurological and respiratory
deterioration was analysed by chi square tests and
association of perioperative fluid management with
postoperative deterioration was analysed by using an
independent samples t-test. A p value of <0.05 was
considered significant. SPSS 15 software (SPSS®,
Chicago, Il, USA) was used for statistical analysis.

Results:
One hundred and six patients underwent surgery
for AAD during the study period of five years. The
patient characteristics, etiology and surgical approach
are detailed in table 1. Of the 106 patients, 61% were
intubated with the help of FOB, while the remaining
were intubated using direct laryngoscopy (Mc Coy
blade was used in two patients); one patient had
tracheostomy in situ prior to the surgical procedure.
Nylon reinforced latex endotracheal tubes were used in
88% of the patients. The details of airway management
techniques are given in table 2. Of the 64 patients who
underwent FOB intubation, general anesthesia with
muscle relaxants was used in 9 (15%) patients and the
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Table 1
Preoperative data of patients (n=106) who underwent surgery
for AAD
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Table 2
Airway management of patients who underwent surgery for
AAD

Variable
Male: Female
patients)

(number

Number
of
patients

of 75:31
Technique
(n=105)

Age (years) (Mean ± SD)

Male: 31.1 ± 16.5
Female: 28.8 ± 15.7

Etiology{n,(%)}

Congenital: 67 (63.2)
Traumatic: 39 (36.8)
Fiberoptic
bronchoscopy

Skull traction prior to surgery Yes: 68 (64.2)
{n,(%)}
No: 38 (35.8)
Surgical approach {n,(%)}

Direct
laryngoscopy

Anterior: 7 (6.6)
Posterior: 68 (64.1)
Anterior + posterior: 31
(29.2)

remaining were intubated after airway blocks in either
awake state or under sedation. The mean (SD) duration
of surgery for posterior approach was 4.6 (2) hours,
2.9 (0.8) hours for the anterior approach, and 7.5 (7.4)
hours for the combined approach. In ninety patients,
the trachea was extubated at the end of surgery. Of
these, two patients had respiratory distress and oxygen
desaturation immediately after extubation. One of
these patients could not be reintubated necessitating

Endotracheal
tube**
(n=105)

Nylon
reinforced latex
endotracheal
tube
Poly Vinyl
Chloride tube

Total

41

McIntosh

39

McCoy

2

Total

64

Awake/
sedation

55

GA with SMR*

9

Total

93

FOB

63

Direct
laryngoscopy

30

Total

12

FOB

1

Direct
laryngoscopy

11

* GA-general anesthesia; SMR-skeletal muscle relaxants
** One patient had tracheostomy tube in situ.

Table 3
Characteristics of patients who had postoperative neurological deterioration
Neurological deterioration

Variables
Yes (%)
N=18
Etiology

12

55

Traumatic

6

33

Anterior + posterior

3

28

Posterior

14

54

Anterior

1

6

Anesthetic
technique

Awake/sedation

7

48

GA

11

39

Intubation
technique

FOB

11

53

Direct laryngoscopy

6

35

Yes

13

55

No

5

33

Skull traction

df

P value

0.11

1

0.738

1.84

2

0.399

1.59

1

0.208

0.1

1

0.12

0.614

1

0.433

No (%)
N=88
Congenital

Surgical approach

Chi square value
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a tracheostomy. Of the 16 patients who remained
intubated at the end of surgery, 9 required tracheostomy;
one patient had a tracheostomy prior to surgery and 6
patients were extubated in the postoperative period.
Overall, eighteen patients developed postoperative
neurological deterioration requiring intubation,
traction and a repeat surgery. The characteristics of
these 18 patients are given in table 3.There was no
association between the etiology, surgical approach,
skull traction, anesthetic and intubation techniques
and neurological deterioration. In traumatic AAD
patients, female gender had significantly higher
incidence of neurological deterioration compared to
males (p=0.004) (Table 4). In patients with congenital
AAD, chances of successful extubation at the end of
surgery were high when trachea was intubated with
the help of FOB rather than by direct laryngoscopy
(p=0.007) (Table 5). Similarly, there was a trend for
reduced ventilator requirement in congenital AAD
patients when their trachea was intubated using
FOB (p=0.078) (Table 6). There was no association
between the need for postoperative ventilation and

surgical approach, anesthetic technique, intubation
technique and perioperative fluid balance (Table 7).
Other complications experienced by the patients were
vertebral artery injury (n=11), optic neuritis (n=1),
facial swelling (n=2), displacement of screws (n=4)
and cerebrospinal fluid leak (n=1).

Discussion:
In the current audit, though airway management
techniques did not have any major influence on the
incidence of postoperative neurological deterioration
or need for mechanical ventilation, FOB intubation
was associated with higher chances of successful
extubation at the end of surgery in a subgroup of
patients with congenital AAD. Female gender had
a higher incidence of postoperative neurological
deterioration in the traumatic AAD group.
Airway management in patients with unstable
upper cervical spine (C1-C2) like AAD, presents a
challenge to the anesthesiologist. The range of spinal
movement at the occipito-cervical junction during

Table 4
Association between perioperative variables and postoperative neurological deterioration in patients with AAD,
based on etiology
Aetiology

Congenital (n=56)

Neurological deterioration

Present

absent

Traumatic (n=50)
total

Gender

P value

Present

absent

total

0.503

0.04*

Male 9

26

35

4

36

40

Female 3

18

21

4

6

10

Surgical approach

0.32

0.702

Antero- posterior 3

20

23

0

8

8

Posterior 8

23

31

7

30

37

Anterior 1

1

2

1

4

5

Anaesthesia for intubation

0.755

0.407

Awake 7

23

30

3

22

25

GA 5

21

26

5

20

25

Technique of intubation

P value

0.844

0.407

FOB 8

27

35

4

24

28

Direct -laryngoscopy 4

16

20

3

17

20

* significant at p<0.05.
GA-general anesthesia; FOB-fiberoptic bronchoscopy.
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Table 5
Association between perioperative variables and successful extubation in OT in patients with AAD, based on their etiology.
Aetiology

Congenital (n=56)

Extubation in OT

yes

no

total

Gender

Traumatic (n=50)
P value

yes

no

total

1.000

0.360

Male

30

5

35

34

6

40

Female

18

3

21

7

3

10

Surgical approach

0.384

0.350

Antero- posterior

18

5

23

8

0

8

Posterior

28

3

31

29

8

37

Anterior

2

0

2

4

1

5

Anaesthesia for intubation

0.127

0.463

Awake

28

2

30

22

3

25

GA

20

6

26

19

6

25

Technique of intubation

P value

0.007*

0.470

FOB

33

2

35

23

5

28

Direct-laryngoscopy

15

5

20

17

3

20

* significant at p<0.05.
GA-general anesthesia; FOB-fiberoptic bronchoscopy.
Table 6
Association between perioperative variables and postoperative ventilator requirement
in patients with AAD, based on their etiology
Aetiology

Congenital (n=56)

Post operative
ventilation

Required

Not
required

total

Gender

Traumatic (n=50)
P value

Required

Not
required

total

1

0.188

Male

7

28

35

5

35

40

Female

4

17

21

3

7

10

Surgical approach

0.513

0.403

Antero- posterior

6

17

23

0

8

8

Posterior

5

26

31

7

30

37

Anterior

0

2

2

1

4

5

Anaesthesia for
intubation

0.313

0.7

Awake

4

26

30

3

22

25

GA

7

19

26

5

20

25

Technique of
intubation

0.078
FOB

Direct- 5
laryngoscopy

5

30
15

0.312

35
20

P value

5
2

23
18

28
20

GA-general anesthesia; FOB-fiberoptic bronchoscopy.
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Table 7
Characteristics of patients who were ventilated postoperatively.
Variables
Yes

Postoperative ventilation
(n=15)

Chi square value

df

P value

0.7

1

0.78

0.17

2

0.929

1.08

1

0.3

0.33

1

0.561

No
Etiology

Surgical
approach

Congenital

9

58

Traumatic

6

33

Anterior+ posterior

5

26

Posterior

9

60

Anterior

1

6

Anesthetic
technique

Awake/sedation

6

49

GA

9

41

Intubation
technique

FOB

9

56

Direct laryngoscopy

4

36

Intraoperative
IV Fluids (L)

Crystalloids (mean ±
SD)

2.8±0.9

2.6±1.4

104

0.61

Colloids (mean ± SD)

0.5±0.1

0.6±0.2

104

0.1

Blood products

0.4±0.2

0.5±0.4

104

0.5

intubation depends on the type of airway device used.
Direct laryngoscopy causes extension at occiputoatlanto-axial (O-C2) levels and this movement gets
exaggerated in unstable cervical spine, posing a risk to
the spinal cord4,5. On the other hand, FOB causes little
spinal movements if done under general anesthesia or
under adequate topical airway anesthesia. Not only
intubation techniques, but manoeuvres like chin lift
and jaw thrust have been found to cause displacement
of upper cervical spine6. In the current audit, 61 %
of the patients had fiberoptic intubation and among
them 85% were intubated in the awake/sedated state.
During awake FOB, preintubation manuevres (jaw
thrust, chin lift) are not performed and that provides
a safety margin in contrast to FOB performed under
GA. There was no significant association between
postoperative neurological deterioration and airway
management both in terms of the airway technique
and the anesthetic. Eighteen patients developed
neurological deterioration in the postoperative period.
As there was no documentation of the neurological
status immediately following awake intubation in the
patient record, it is difficult to explain whether the
postoperative neurological deterioration was due to
surgery or airway management or to other causes like

patient positioning.
Studies have shown that skull traction significantly
reduces subluxation and spine movements during
airway manuevres7,8. Around 64% of the patients in
the current audit had skull traction prior to surgery for
reduction of AAD. This provided stabilisation during
intubation procedure (both GA and awake state) and
also separated the neck from the collar, facilitating
adequate mouth opening, laryngeal manipulation and
performance of airway blocks.
Majority of the literature on airway management
for unstable cervical spine are from trauma patients.
But the current audit is focused on both congenital and
traumatic AAD. In addition, the patients underwent
elective procedures, and were adequately optimised
prior to surgery and airway was secured without any
hurry. Hence around 60% of the patients could be
intubated using FOB.
Neurological deterioration following cervical
spine surgery has major consequences for the patients.
Risk factors for such deterioration include preoperative
poor neurological status, duration of procedure, upper
cervical spine surgery, multisegmental instrumentation
and perfusion pressure9. In the current audit, the
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duration of procedure did not predict postoperative
neurological deterioration. Involvement of autonomic
nervous system in these patients has been described
and the resultant blood pressure variations in the
perioperative period, theoretically could aggravate
spinal cord ischemia10,11. Awake positioning does
not always assure intact neurological status at
the end of procedure as hemodynamic changes,
surgical manipulation of spinal structures and spinal
instrumentation in the intraoperative period can result
in neurological deterioration and can be detected
only by neurophysiologic monitoring throughout
the surgical procedure. In the current audit, it was
noticed that female gender in the traumatic group
(n=4) experienced higher incidence of neurological
deterioration as compared to females in the congenital
group. Though the difference is statistically significant,
the total number of female traumatic patients were only
10. It is likely that the data is not adequately powered
to detect the actual significance.
In a study on combined approaches for cervical
spine surgery, patients who underwent combined
anterior and posterior surgery had higher chances of
postoperative airway problems12. But in the current
audit, surgical approach had no influence on the
postoperative airway problems. Acute postoperative
airway obstruction occurred in 4 (1.2%) patients
requiring reintubation but it was not related to the
technique of airway management. In a study on
rheumatoid arthritis patients undergoing posterior
stabilisation procedures, FOB resulted in fewer
postoperative airway complications and the authors
recommended FOB for all cervical spine procedures13.
In the current audit, patients with congenital AAD had
higher chances for successful extubation at the end of
surgery when their trachea was intubated using FOB
and this benefit was not seen in traumatic AAD and
the reasons are not clear. One possible explanation
could be minimal movement of the cervical spine
associated with FOB. In the congenital subgroup, the
disease process is slower and the lung parenchyma is
normal which is in contrast with the traumatic group
where the clinical presentation is acute and chances
for respiratory muscle dysfunction and low functional
residual capacity are high. The audit did not have
enough information on the preoperative pulmonary
function tests, preoperative respiratory muscle activity,
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power of individual muscle groups and hence difficult
to compare the baseline respiratory activity of the
congenital and the traumatic patients groups.
The respiratory complications were seen on the
second to third postoperative day stressing the need
for extending the intensive postoperative monitoring
for a longer period. Reddy, et al found that significant
deterioration of pulmonary function tests (PFT)
persisted even at 1 week after surgery for congenital
AAD14.
Being retrospective in nature, missing data is the
main limitation of this study. The data on perioperative
hemodynamics were not collected and hence whether
hypotension had an adverse impact on postoperative
neurological deterioration, could not be ascertained.
Also, other methods of intubation like the intubating
LMA or Airtraq were seldom used for intubation.
In conclusion, in the current audit, there are
several significant observations though there was no
overall correlation between the technique of intubation
and neurological deterioration or postoperative
ventilatory requirement. In AAD patients, female
gender had significantly higher incidence of
neurological deterioration compared to males. In
patients with congenital AAD, chances of successful
extubation at the end of surgery were high when
trachea was intubated with the help of FOB rather than
by direct laryngoscopy (p=0.007). Similarly, there was
a trend for reduced ventilator requirement in congenital
AAD patients when their trachea was intubated using
FOB (p=0.078). Minimal cervical spine movement
associated with FOB seems to favour better outcome
at least in small subsets of patients. There was no
association between the need for postoperative
ventilation and surgical approach, anesthetic technique,
intubation technique and perioperative fluid balance.
High incidence of respiratory complications on day
2-3 postoperatively, stresses the need for extending the
intensive postoperative monitoring for a longer period.
Future studies with larger samples should identify the
subgroups where specific airway techniques could
considerably decrease the incidence of postoperative
neurological deterioration.
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