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ABSTRACT
Background: Standardized postoperative airway management is essential for patients 
undergoing anterior cervical spine surgery (ACSS). The paucity of clinical series evaluating 
these airway complications after ACSS has been resulted in a significant limitation in 
statistical analyses.
Methods: A retrospective cohort study was performed regarding airway distress (intubation 
for more than 24 hours or unplanned reintubation within 7 days of operation) developed 
after ACSS. If prevertebral soft tissue swelling was evident after the operation, patients were 
managed with prolonged intubation (longer than 24 hours). Preoperative and intraoperative 
patient data, and postoperative outcome (time to extubation and reintubation) were analyzed.
Results: Between 2008 and 2016, a total of 400 ACSS were performed. Of them, 389 patients 
(97.25%) extubated within 24 hours of surgery without airway complication, but 11 patients 
(2.75%) showed postoperative airway compromise; 7 patients (1.75%) needed prolonged 
intubation, while 4 patients (1.00%) required unplanned reintubation. The mean time 
for extubation were 2.75 hours (range: 0–23 hours) and 50.55 hours (range: 0–250 hours), 
respectively. Age (P = 0.015), diabetes mellitus (P = 0.003), operative time longer than 5 hours 
(P = 0.048), and estimated blood loss (EBL) greater than 300 mL (P = 0.042) were associated 
with prolonged intubation or reintubation. In prolonged intubation group, all patients 
showed no airway distress after extubation.
Conclusion: In ACSS, postoperative airway compromise is related to both patients and 
operative factors. We recommend a prolonged intubation for patients who are exposed to 
these risk factors to perform a safe and effective extubation.

Keywords: Airway Management; Anterior Cervical Spine Surgery; Extubation; Intubation; 
Reintubation

INTRODUCTION

Anterior cervical spine surgery (ACSS) is a common procedure performed for cervical 
spine disease.1 It is a successful surgical technique with good clinical outcomes and 
low complication rates.2,3 Postoperative airway complication rates after isolated ACSS 
are approximately 1.7%–6.1%.4,5 Despite these low incidence rate, the risk for airway 
compromise from prevertebral soft-tissue swelling, hematoma formation or direct injury 
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from instrumentation can be fatal.6-10 These life-threatening airway distresses should be 
managed initially with endotracheal intubation or tracheostomy.11 However, unplanned 
reintubation or tracheostomy after cervical surgery may result in plate or graft displacement, 
hypoxia or even death.8 To avoid these issues, overnight intubation is often recommended 
to protect airway patency.10 Nevertheless, there is no standard guideline for decision of 
extubation and hence extubation is usually performed on postoperative day 1. Prolonged 
intubation has some apparent adverse impact as well,12 causing discomfort to conscious 
patients. Hence, we analyzed the potential risk factors that may have clinical impact on 
patients with ACSS for time of extubation.

METHODS

Following Institutional Review Board approval, we retrospectively reviewed patients from our 
medical center diagnosed with cervical spinal disease, those who received operation from 
January, 2008 to December, 2016. All cervical spine pathologies of C1 to C7 were included. 
A total of 400 patients with cervical pathologies were treated with ACSS at our institute. All 
operations were performed by 3 experienced neurosurgeons in our single institute. For more 
concrete analysis, trauma patients with spinal cord injury (SCI) were excluded as they often 
have respiratory complications associated with morbidity and mortality.13,14 Also, operation 
technique with solely posterior cervical approach was not included; anterior approach or 
combined anterior and posterior were included.

Patients with prolonged intubation (defined as intubation maintained for more than 24 hours 
in our study), or those required an unplanned reintubation within 7 days of operation were 
identified and compared with group of patients with no airway complication postoperatively. 
Preoperative patient data (characteristics, medical history, and operative indications), 
intraoperative data (operative type, combined anterior and posterior surgery, operative time, 
number of cervical level fused, level of cervical operation, blood transfusion, and estimated 
blood loss [EBL]), and postoperative outcomes (time to extubation and reintubation) were 
collected. Patient characteristics include age, sex, body mass index (BMI), current smoking 
history, anterior neck surgery history, and medical comorbidities (asthma, hypertension 
[HTN], diabetes mellitus [DM], congestive heart failure [CHF] or ischemic heart disease [IHD], 
chronic renal failure [CRF], and liver cirrhosis [LC]). The types of operative indications were 
degenerative, ossification of the posterior longitudinal ligament (OPLL), tumor, deformity, 
and infection. The types of operative techniques were anterior cervical discectomy and fusion 
(ACDF), anterior cervical corpectomy and fusion (ACCF), total disc replacement (TDR) and 
others (anterior cervical osteophytectomy, tumor removal, etc.). Preoperative radiographic 
studies, like plain radiographs, computed tomography (CT) scans, and magnetic resonance 
(MR) images were performed to all patients. The operative decisions like technique, number or 
location of cervical levels were at the discretion of the attending staff.

General endotracheal intubation was routinely performed under conscious sedation for 
patient undergoing ACSS. The routine anterior cervical approach was used for all ACSS 
procedures, and patients were transferred to the intensive care unit (ICU) under intubation 
after ACSS.

After the operation, extubation was performed when patient showed alert consciousness 
and active breathing in intubated status. If not, they were kept intubated until full 
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recovery. Physicians and nursing staff were available at the time of extubation to prepare 
for reintubation in case of respiratory distress. The plain lateral cervical spine X-ray was 
performed within 12 hours of post-surgery to evaluate the prevertebral soft tissue swelling. 
The anteroposterior length of the prevertebral soft tissue was measured both at C2 and C5 
level. If the length of the swollen area was increased above a threshold level (above 250% 
at C2 or 150% at C5) on X-ray compare to preoperative image, it was defined as meaningful 
prevertebral soft tissue swelling. When extubation was performed, patients were observed in 
the ICU for a minimum of 6 hours for safety and transferred to a general ward.

Statistical analysis
All statistical analyses were performed using SPSS (version 21, SPSS Inc., Chicago, IL, USA). 
The statistical significance was tested using a Fisher's exact test for categorical variables, and 
an unpaired Student's t-test or Mann-Whitney U-test for continuous variables. Univariate and 
multivariate logistic regressions using backward elimination method (95% confidence interval) 
were performed to assess the possible risk factors related to clinical outcome on prolonged 
intubation or reintubation. All values are reported as a mean ± standard deviation. P value of  
< 0.05 indicates statistical significance. The primary outcome measure was the rate of prolonged 
intubation defined in our study or unplanned reintubation within 7 days of operation.

Ethics statement
The study protocol was approved by the Institutional Review Board of Asan Medical Center (IRB 
No. 2017-0495). Informed consent was submitted by all subjects when they were enrolled.

RESULTS

A total of 400 ACSS were analyzed between 2008 and 2016. Among these patients, 389 
patients (97.25%) extubated within 24 hours of surgery without airway complication (group 
1). There were patients with prevertebral soft tissue swelling in Group 1, but not reaching 
threshold level on postoperative X-ray and no evidence of respiratory distress. Eleven patients 
(2.75%) showed postoperative airway compromise that needed further managements (group 
2): 7 patients (1.75%, group 2A) needed prolonged intubation, and 4 patients (1.00%, 
group 2B) required unplanned reintubation. The mean times for extubation in group 1, 2A, 
and 2B were 2.75 hours (range: 0–23 hours), 76 hours (range: 24–250 hours), and 6 hours 
(range: 0–20 hours), respectively. In group 2B, the mean elapsed time for reintubation after 
extubation was 60.75 hours (range: 21–108 hours). For patients with prolonged intubation, 
there was no airway-related complication after extubation. However, there was a case of 
postoperative pneumonia in group 2A, which led to respiratory distress and resulted in 
prolonged intubation until postoperative day 11. In group 2B, whom required unplanned 
reintubation, emergency tracheostomy was performed in 1 patient (25%, 1/4) due to 
reintubation failure resulting from severe laryngeal edema. Also there was a single case (25%, 
1/4) of expired patient in this group after reintubation due to distal tracheal obstruction 
followed by cardiac arrest. Other 2 patients showed no further respiratory complications after 
reintubation (Fig. 1). Among prolonged intubated patients, all were cases of prevertebral 
soft tissue swelling except for 1 case with postoperative hematoma in our study (Fig. 2). The 
patient was managed with prolonged intubation as there was a finding of prevertebral soft 
tissue swelling on postoperative X-ray. The emergency operation was performed on the next 
day as anterior neck swelling was much increased. The summary of 11 patients (group 2A and 
2B) is presented in Table 1.
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The statistical analysis of preoperative parameters between 2 groups (group 1 vs. group 2) 
is as follow; the mean age (53.34 vs. 62.00, P = 0.015), female gender (37.53% [146/389] 
vs. 63.63% [7/11], P = 0.114), the mean BMI (24.72 vs. 24.63, P = 0.954), current smoking 
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A B C D E F

Fig. 1. Radiological features of the patient with reintubation after ACSS. (A) A 73-year-old male patient (case No. 9) showing herniated intervertebral disc 
C3–C4 with severe spinal cord compression on sagittal MR imaging. Anterior cervical discectomy C3–C4 and fusion using iliac bone graft was performed. 
Extubation was conducted on the day of operation as the patient has no respiratory distress and immediate postoperative plain lateral X-ray revealed (B) only 
mild prevertebral soft tissue swelling compared to (C) preoperative film. (D) On postoperative day 4, the patient began complaining of difficult breathing and 
plain lateral X-ray showed markedly increased prevertebral soft tissue swelling. (E) We decided to reintubate the patient to protect the airway patency. (F) The 
patient was intubated for 4 days and extubated on postoperative day 8. The patient was discharged from hospital on postoperative day 14 without any further 
respiratory distress. 
ACSS = anterior cervical spine surgery, MR = magnetic resonance.

A B C D E F

Fig. 2. Radiological features of the patient with prolonged intubation due to cervical hematoma after ACSS. (A) A 52-year-old female patient (case No. 4) 
showing herniated intervertebral disc C5–C6, C6–C7 right on sagittal MR imaging. Anterior cervical discectomy C5–C6, C6–C7 and fusion using Solis cage with 
polybone were performed. Immediate postoperative plain lateral X-ray showed (B) mild prevertebral soft tissue swelling compared to (C) preoperative film. 
Prolonged intubation was decided to protect airway patency. (D) On postoperative day 1, the patient showed desaturation with severe anterior neck swelling 
and increased soft tissue swelling at the operation level on plain lateral X-ray. (E) Contrast enhanced neck CT scan revealed hematoma (marked in yellow circle) 
compressing trachea to the left side. Emergent hematoma evacuation was followed and injured right thyroid artery was noted. (F) Immediate postoperative 
plain lateral X-ray showed much decreased prevertebral soft tissue swelling. Extubation was conducted 4 days after hematoma evacuation. The patient was 
discharged from hospital on postoperative day 10 without any respiratory complication. 
ACSS = anterior cervical spine surgery, MR = magnetic resonance, CT = computed tomography.
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history (42.67% [166/389] vs. 27.27% [3/11], P = 0.369), anterior neck surgery history 
(3.60% [14/389] vs. 0% [0/11], P = 1.000), medical comorbidities; asthma (0.51% [2/389] 
vs. 9.09% [1/11], P = 0.080), HTN (29.82% [116/389] vs. 45.45% [5/11], P = 0.319), DM 
(14.40% [56/389] vs. 54.55% [6/11], P = 0.003), CHF or IHD (4.88% [19/389] vs. 0% [0/11], 
P = 1.000), CRF (1.03% [4/389] vs. 9.09% [1/11], P = 0.131), and LC (0.26% [1/389] vs. 0% 
[0/11], P = 1.000), and operative indication (P = 0.117). Intraoperative parameters were 
also analyzed; operative techniques (P = 0.301), combined anterior and posterior approach 
(2.57% [10/389] vs. 0% [0/11], P = 1.000), operative time longer than 5 hours (19.28% 
[75/389] vs. 45.45% [5/11], P = 0.048), cervical level fused (≥ 2 levels) (47.81% [186/389] vs. 
54.55% [6/11], P = 0.764), cervical level involving above C3-C4 (11.57% [45/389] vs. 27.27% 
[3/11], P = 0.134), transfusion (1.54% [6/389] vs. 0% [0/11], P = 1.000), EBL greater than 300 
mL (6.94% [27/389] vs. 27.27% [3/11], P = 0.042). The baseline characteristics and outcomes 
of the 2 groups are summarized in Table 2.

Univariate logistic regression analysis was performed to screen out statistically significant 
factors that may have associations with prolonged intubation or reintubation, followed by 
a multivariate analysis to interpret the relationship between the foregoing factors and the 
incidence rate of airway compromise after ACSS. In univariate analysis, older age (OR [odds 
ratio], 1.065; 95% CI, 1.011–1.121; P = 0.017), asthma (OR, 19.350; 95% CI, 1.619–231.337; P = 
0.019), DM (OR, 7.136; 95% CI, 2.106–24.173; P = 0.002), operative time longer than 5 hours 
(OR, 3.489; 95% CI, 1.037–11.738; P = 0.044) and EBL greater than 300 mL (OR, 5.028; 95% 
CI, 1.261–20.051; P = 0.022) were shown to have statistically significant values. In multivariate 
analysis, asthma (OR, 41.375; 95% CI, 3.088–554.298; P = 0.005) and DM (OR, 8.866; 95% 
CI, 2.425–32.417; P = 0.001) showed statistical significance (Table 3).

DISCUSSION

Literatures report the rate of airway complications after ACSS as approximately 6%,6 and 
about one third of these complications result in the need for reintubation. Fatal loss of airway 
is the most devastating potential outcome after cervical spine surgery.10 Although need for 
prolonged intubation or reintubation has a substantial adverse impact on patients, clinicians 
must be aware that these patients are at risk for loss of airway.12 Also, failed extubation result in 
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Table 1. Clinical data of 11 patients whom required prolonged intubation or reintubation
Patient No. Age,  

yr
Sex Op. indication 

(diagnosis)
Medical 

comorbidity
Op.  
type

Op. time, 
min

EBL,  
mL

Intra op. cervical 
level fusion

Time to  
extubation, hra

Time to 
reintubation, hr

Prolonged intubation (≥ 24 hr)
1 63 M Degenerative HTN, DM ACDF 200 70 1 24 n/a
2 45 M OPLL (–) ACCF 280 300 2 26 n/a
3 58 F Degenerative DM ACDF 240 200 2 40 n/a
4 52 F Degenerative HTN ACDF 300 100 2 96 n/a
5 49 F Degenerative (–) ACCF 360 100 2 24 n/a
6 74 F Degenerative HTN, DM ACDF 330 100 1 72 n/a
7 71 F Infection HTN, DM ACCF 300 400 2 250 n/a

Reintubation
8 50 M Tumor Asthma ACCF 375 400 2 20 83
9 73 M Degenerative DM ACDF 240 80 1 Immediate 108

10 67 F Degenerative HTN, DM, CRF ACDF 180 50 1 Immediate 21
11 80 F Degenerative (–) ACDF 180 100 1 4 31

Op. = operation, EBL = estimated blood loss, HTN = hypertension, DM = diabetes mellitus, ACDF = anterior cervical discectomy and fusion, n/a = not applicable, 
OPLL = ossification of the posterior longitudinal ligament, ACCF = anterior cervical corpectomy and fusion, CRF = chronic renal failure.
aElapsed time to extubate the patient after the initial operation in reintubation cases.
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prolonged ICU stay, pneumonia, tracheostomy and even death.15-17 Despite that morbidity can 
possibly arise due to these catastrophic events, literatures directly addressing these issues are 
still lacking. To our knowledge, little investigation has been devoted to specifically identifying 
ACSS risk factors related to airway distress postoperatively and there were no reports to date 
establishing exclusively guidelines for extubation. Hence, patient and operative factors that are 
potentially associated with airway complications remained to be elucidated.

We have reviewed the postoperative course in patients with ACSS to analyze risk factors 
associated with prolonged intubation or reintubation. The potential risk factors were 
previously reported by some authors. Emery et al.10 first reported that asthma and smoking 
were risk factors for upper airway obstruction after multilevel cervical corpectomy. The 
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Table 3. Association between prolonged intubation (≥ 24 hours) and reintubation with clinical risk factors using univariate and multivariate linear regression model
Variables Univariate Multivariate

OR 95% CI P value OR 95% CI P value
Older age 1.065 1.011–1.121 0.017 - - -
Sex, female 2.913 0.838–10.121 0.093 - - -
Asthma 19.350 1.619–231.337 0.019 41.375 3.088–554.298 0.005
Diabetes mellitus 7.136 2.106–24.173 0.002 8.866 2.425–32.417 0.001
Chronic renal failure 9.625 0.985–94.050 0.052 - - -
Operative time (≥ 5 hr) 3.489 1.037–11.738 0.044 - - -
EBL (≥ 300 mL) 5.028 1.261–20.051 0.022 - - -
OR = odds ratio, CI = confidence interval, EBL = estimated blood loss.

Table 2. Analysis of characteristics and outcomes for patients after ACSS

Variables Group 1  
(extubation within 24 hr without complications)  

(n = 389)

Group 2  
(prolonged intubation [≥ 24 hr] or reintubation)  

(n = 11)

P value

Age, yr 53.34 ± 11.55 62.00 ± 11.89 0.015
Sex, female (%) 146 (37.53) 7 (63.63) 0.114
BMI, kg/m2 24.72 ± 3.13 24.63 ± 5.22 0.954
Current smoking history 166 (42.67) 3 (27.27) 0.369
Anterior neck surgery history 14 (3.60) 0 1.000
Asthma 2 (0.51) 1 (9.09) 0.080
Hypertension 116 (29.82) 5 (45.45) 0.319
Diabetes mellitus 56 (14.40) 6 (54.55) 0.003
Congestive heart failure or ischemic heart disease 19 (4.88) 0 1.000
Chronic renal failure 4 (1.03) 1 (9.09) 0.131
Liver cirrhosis 1 (0.26) 0 0
Operative indication (diagnosis) 0.117

Degenerative 336 (86.38) 8 (72.72)
OPLL 31 (7.97) 1 (9.09)
Tumor 14 (3.60) 1 (9.09)
Deformity 4 (1.03) 0
Infection 4 (1.03) 1 (9.09)

Operative techniques 0.301
ACDF 233 (59.90) 7 (63.64)
ACCF 77 (19.79) 4 (36.36)
TDR 73 (18.77) 0
Others 6 (1.54) 0

Combined anterior and posterior approach 10 (2.57) 0 1.000
Operative time (≥ 5 hr) 75 (19.28) 5 (45.45) 0.048
Intraoperative cervical level fused (≥ 2 levels) 186 (47.81) 6 (54.55) 0.764
Operation level above C3–C4 45 (11.57) 3 (27.27) 0.134
Intraoperative transfusion 6 (1.54) 0 1.000
EBL (≥ 300 mL) 27 (6.94) 3 (27.27) 0.042
Data shown are number (%) not otherwise specified and plus-minus values are means ± standard deviation.
ACSS = anterior cervical spine surgery, BMI = body mass index, OPLL = ossification of the posterior longitudinal ligament, ACDF = anterior cervical discectomy 
and fusion, ACCF = anterior cervical corpectomy and fusion, TDR = total disc replacement, EBL = estimated blood loss.
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idea of overnight intubation and direct fiberoptic visualization of reactive tracheal swelling 
to determine extubation after multilevel anterior corpectomy with fusion was brought up 
by Epstein et al.8 They showed asthma, obesity greater than 220 lbs, operation time longer 
than 10 hours, transfusion, reoperation, and fusion involving C2 level were risk factors. 
Interestingly, other literatures highlight the importance of intraoperative factors, rather 
than patient characteristics. Kwon et al.9 studied 24 patients and reported that patient 
factors (age, weight, and medical comorbidities) were not significantly related to prolonged 
intubation in single stage, multilevel combined anterior and posterior cervical surgery. 
They concluded that intraoperative factors like total operative time, blood transfusion, and 
volume of crystalloid replacement were more significantly correlated. Sagi et al.6 involved 
311 patients in their study and showed that characteristics including age, smoking, BMI and 
medical comorbidities were not significantly related to postoperative airway complication. 
However, our study with larger sample size showed both patient and intraoperative factors to 
be significantly related to postoperative airway compromise: older age, DM, operation time 
longer than 5 hours and EBL greater than 300 mL. Interestingly, female gender approached 
significant value in univariate analysis (OR, 2.913; P = 0.093). There is 1 published study 
noted a same result that female patients are in higher risk for prolonged intubation after 
ACSS.18 Possible causes include mucous membrane in male patients are more tolerable to 
trauma, whereas smaller tracheal diameter in female patients are more fragile to injury.19

One method to avoid airway compromise after ACSS was overnight intubation.8 Maintaining 
the patent airway until pharyngeal edema subsides is a key method to reduce the risk of 
post-extubation airway complication.10 Our study corroborates the above findings. Seven 
patients were managed with prolonged intubation postoperatively and showed no airway 
complication after extubation. However, 4 reintubated patients were initially extubated 
within 24 hours of surgery as there was no definite evidence of airway distress. Three patients 
from this group had risk factors that were significantly correlated. Hence, we recommend a 
safe prolonged intubation (more than 24 hours) for patients with risk factors even if there are 
no sign of respiratory distress.

The minimum time for airway distress to occur after extubation is yet unclear. Respiratory 
distress after ACSS occurs within the median time between 23–37 hours.6,10 The maximum 
prevertebral soft tissue swelling after ACSS is reported to be between postoperative day 2 
and 3.5 Four reintubated patients in our study also showed median time of 54.75 hours for 
respiratory symptom to occur after initial extubation. Hence, postoperative airway protection 
should be further beyond till this time. However, clinicians often perform overnight 
intubation and conduct extubation on the next postoperative day within 12–18 hours of the 
surgery.20 The overnight intubation management should be extended if there is evidence of 
risk factors identified in our study. On the other hand, we recommend to extubate the patient 
early as possible if there are no risk factors, as the airway distress are less likely to occur.

Edema of the laryngopharynx and prevertebral soft tissue swelling are the most common 
causes for postoperative airway compromise.6,10 Surgeons must be aware of intraoperative 
managements that may help to low the risk of soft tissue damage. The key factors are 
operative time and amount of blood loss as shown in our study. The primary goal is definitely 
pursuing shorter time of operation with a good clinical outcome. The retractors should be 
frequently released to avoid tissue ischemia during the operation as prevertebral soft tissue 
edema results from tissue damage.21 We assumed that increased blood loss during operation 
may be related to soft tissue injury and hence higher chance of bleeding at operation site 

7/9https://jkms.org https://doi.org/10.3346/jkms.2018.33.e77

Airway Management after Anterior Cervical Spine Surgery

https://jkms.org


resulting in airway compression. Other fundamental technique like meticulous bipolar 
coagulation should always be considered. Most importantly high risk bleeding patients 
should be well prepared preoperatively with anesthesia staff.

Limitations of our study lies in its retrospective nature performed in a single institution 
and criteria determining extubation time used in our series had subjective aspects. Thus 
prospective study with objective extubation criteria should be needed to analyze precise 
factors regarding airway problems after ACSS. The other possible factors include the degrees 
of tissue retraction during surgery which may reflect the severity of airway swelling is not 
being fully considered. The strengths of our study were relatively large sample size with 
long observation period. However, due to the low prevalence of prolonged intubation and 
reintubation for ACSS patients (11/400, 2.75% in our study), statistically analyses might have 
been underpowered and making it difficult to identify all possible significant factors that 
impacted clinical outcome.

In conclusion, we showed that postoperative airway compromise is related to both patient 
and operative factors in our study. Patient's characteristics like age, sex and medical 
comorbidities are not adjustable. However, perioperative factors including operative time and 
the amount of blood loss are within the control of the operating team. Hence, we advocate 
prolonged intubation for patients whom are exposed to these risk factors to perform a safe 
and effective extubation. Even though patients may experience discomfort during prolonged 
intubation, all resulted in a safe extubation.

REFERENCES

 1. Marawar S, Girardi FP, Sama AA, Ma Y, Gaber-Baylis LK, Besculides MC, et al. National trends in anterior 
cervical fusion procedures. Spine (Phila Pa 1976) 2010;35(15):1454-9. 
PUBMED | CROSSREF

 2. Daniels AH, Riew KD, Yoo JU, Ching A, Birchard KR, Kranenburg AJ, et al. Adverse events associated with 
anterior cervical spine surgery. J Am Acad Orthop Surg 2008;16(12):729-38. 
PUBMED | CROSSREF

 3. Wang MC, Chan L, Maiman DJ, Kreuter W, Deyo RA. Complications and mortality associated with 
cervical spine surgery for degenerative disease in the United States. Spine (Phila Pa 1976) 2007;32(3):342-7. 
PUBMED | CROSSREF

 4. Graham JJ. Complications of cervical spine surgery. A five-year report on a survey of the membership 
of the Cervical Spine Research Society by the Morbidity and Mortality Committee. Spine (Phila Pa 1976) 
1989;14(10):1046-50. 
PUBMED | CROSSREF

 5. Suk KS, Kim KT, Lee SH, Park SW. Prevertebral soft tissue swelling after anterior cervical discectomy and 
fusion with plate fixation. Int Orthop 2006;30(4):290-4. 
PUBMED | CROSSREF

 6. Sagi HC, Beutler W, Carroll E, Connolly PJ. Airway complications associated with surgery on the anterior 
cervical spine. Spine (Phila Pa 1976) 2002;27(9):949-53. 
PUBMED | CROSSREF

 7. Fountas KN, Kapsalaki EZ, Nikolakakos LG, Smisson HF, Johnston KW, Grigorian AA, et al. Anterior 
cervical discectomy and fusion associated complications. Spine (Phila Pa 1976) 2007;32(21):2310-7. 
PUBMED | CROSSREF

 8. Epstein NE, Hollingsworth R, Nardi D, Singer J. Can airway complications following multilevel anterior 
cervical surgery be avoided? J Neurosurg 2001;94(2 Suppl):185-8.
PUBMED

 9. Kwon B, Yoo JU, Furey CG, Rowbottom J, Emery SE. Risk factors for delayed extubation after single-stage, 
multi-level anterior cervical decompression and posterior fusion. J Spinal Disord Tech 2006;19(6):389-93. 
PUBMED | CROSSREF

8/9https://jkms.org https://doi.org/10.3346/jkms.2018.33.e77

Airway Management after Anterior Cervical Spine Surgery

http://www.ncbi.nlm.nih.gov/pubmed/20216341
https://doi.org/10.1097/BRS.0b013e3181bef3cb
http://www.ncbi.nlm.nih.gov/pubmed/19056921
https://doi.org/10.5435/00124635-200812000-00005
http://www.ncbi.nlm.nih.gov/pubmed/17268266
https://doi.org/10.1097/01.brs.0000254120.25411.ae
http://www.ncbi.nlm.nih.gov/pubmed/2588051
https://doi.org/10.1097/00007632-198910000-00003
http://www.ncbi.nlm.nih.gov/pubmed/16521012
https://doi.org/10.1007/s00264-005-0072-9
http://www.ncbi.nlm.nih.gov/pubmed/11979168
https://doi.org/10.1097/00007632-200205010-00013
http://www.ncbi.nlm.nih.gov/pubmed/17906571
https://doi.org/10.1097/BRS.0b013e318154c57e
http://www.ncbi.nlm.nih.gov/pubmed/11302618
http://www.ncbi.nlm.nih.gov/pubmed/16891971
https://doi.org/10.1097/00024720-200608000-00002
https://jkms.org


 10. Emery SE, Smith MD, Bohlman HH. Upper-airway obstruction after multilevel cervical corpectomy for 
myelopathy. J Bone Joint Surg Am 1991;73(4):544-51. 
PUBMED | CROSSREF

 11. Park JH, Jeong EK, Kang DH, Jeon SR. Surgical treatment of a life-threatening large retropharyngeal 
hematoma after minor trauma: two case reports and a literature review. J Korean Neurosurg Soc 
2015;58(3):304-7. 
PUBMED | CROSSREF

 12. Hart RA, Tatsumi RL, Hiratzka JR, Yoo JU. Perioperative complications of combined anterior and 
posterior cervical decompression and fusion crossing the cervico-thoracic junction. Spine (Phila Pa 1976) 
2008;33(26):2887-91. 
PUBMED | CROSSREF

 13. Winslow C, Bode RK, Felton D, Chen D, Meyer PR Jr. Impact of respiratory complications on length of 
stay and hospital costs in acute cervical spine injury. Chest 2002;121(5):1548-54. 
PUBMED | CROSSREF

 14. Kang SW, Shin JC, Park CI, Moon JH, Rha DW, Cho DH. Relationship between inspiratory muscle 
strength and cough capacity in cervical spinal cord injured patients. Spinal Cord 2006;44(4):242-8. 
PUBMED | CROSSREF

 15. Lin HT, Ting PC, Chang WY, Yang MW, Chang CJ, Chou AH. Predictive risk index and prognosis 
of postoperative reintubation after planned extubation during general anesthesia: a single-center 
retrospective case-controlled study in Taiwan from 2005 to 2009. Acta Anaesthesiol Taiwan 2013;51(1):3-9. 
PUBMED | CROSSREF

 16. Thille AW, Harrois A, Schortgen F, Brun-Buisson C, Brochard L. Outcomes of extubation failure in 
medical intensive care unit patients. Crit Care Med 2011;39(12):2612-8. 
PUBMED | CROSSREF

 17. Vidotto MC, Sogame LC, Gazzotti MR, Prandini M, Jardim JR. Implications of extubation failure and 
prolonged mechanical ventilation in the postoperative period following elective intracranial surgery. Braz J 
Med Biol Res 2011;44(12):1291-8. 
PUBMED | CROSSREF

 18. Emery SE, Akhavan S, Miller P, Furey CG, Yoo JU, Rowbottom JR, et al. Steroids and risk factors for airway 
compromise in multilevel cervical corpectomy patients: a prospective, randomized, double-blind study. 
Spine (Phila Pa 1976) 2009;34(3):229-32. 
PUBMED | CROSSREF

 19. Harrison GA, Tonkin JP. Prolonged (therapeutic) endotracheal intubation. Br J Anaesth 1968;40(4):241-9. 
PUBMED | CROSSREF

 20. Palumbo MA, Aidlen JP, Daniels AH, Bianco A, Caiati JM. Airway compromise due to laryngopharyngeal 
edema after anterior cervical spine surgery. J Clin Anesth 2013;25(1):66-72. 
PUBMED | CROSSREF

 21. Song KJ, Choi BW, Kim HY, Jeon TS, Chang H. Efficacy of postoperative radiograph for evaluating 
the prevertebral soft tissue swelling after anterior cervical discectomy and fusion. Clin Orthop Surg 
2012;4(1):77-82. 
PUBMED | CROSSREF

9/9https://jkms.org https://doi.org/10.3346/jkms.2018.33.e77

Airway Management after Anterior Cervical Spine Surgery

http://www.ncbi.nlm.nih.gov/pubmed/2013593
https://doi.org/10.2106/00004623-199173040-00011
http://www.ncbi.nlm.nih.gov/pubmed/26539280
https://doi.org/10.3340/jkns.2015.58.3.304
http://www.ncbi.nlm.nih.gov/pubmed/19092620
https://doi.org/10.1097/BRS.0b013e318190affe
http://www.ncbi.nlm.nih.gov/pubmed/12006442
https://doi.org/10.1378/chest.121.5.1548
http://www.ncbi.nlm.nih.gov/pubmed/16151446
https://doi.org/10.1038/sj.sc.3101835
http://www.ncbi.nlm.nih.gov/pubmed/23711598
https://doi.org/10.1016/j.aat.2013.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21765357
https://doi.org/10.1097/CCM.0b013e3182282a5a
http://www.ncbi.nlm.nih.gov/pubmed/22030868
https://doi.org/10.1590/S0100-879X2011007500146
http://www.ncbi.nlm.nih.gov/pubmed/19148042
https://doi.org/10.1097/BRS.0b013e318193a287
http://www.ncbi.nlm.nih.gov/pubmed/5654975
https://doi.org/10.1093/bja/40.4.241
http://www.ncbi.nlm.nih.gov/pubmed/23261648
https://doi.org/10.1016/j.jclinane.2012.06.008
http://www.ncbi.nlm.nih.gov/pubmed/22379559
https://doi.org/10.4055/cios.2012.4.1.77
https://jkms.org

	Analysis of the Risk Factors Associated with Prolonged Intubation or Reintubation after Anterior Cervical Spine Surgery
	INTRODUCTION
	METHODS
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES




