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ABSTRACT
Background: Obstructive sleep apnea (OSA) is a pervasive problem that can result in diminished neurocognitive performance, 

increased risk of all- cause mortality, and significant cardiovascular disease. While previous studies have examined risk factors that 
influence outcomes following cervical fusion procedures, to our knowledge, no study has examined the cost or outcome profiles for 
posterior cervical decompression and fusion (PCDF) procedures in patients with OSA.

Methods: All cases at a single institution between 2008 and 2016 involving a PCDF were included. The primary outcome was 
prolonged extubation, defined as an extubation that took place outside of the operating room. Secondary outcomes included admission 
to the intensive care unit (ICU), complications, extended hospitalization, nonhome discharge, readmission within 30 and 90 days, 
emergency room visit within 30 and 90 days, and higher total costs.

Results: We reviewed 1191 PCDF cases, of which 93 patients (7.81%) had a history of OSA. At the univariate level, patients 
with OSA had higher rates of ICU admissions (33.3% vs 16.8%, P < 0.0001), total complications (29.0% vs 19.0%, P = 0.0202), 
and respiratory complications (12.9% vs 6.6%, P = 0.0217). Multivariate regression analyses revealed no difference in the odds of a 
prolonged extubation (P = 0.4773) and showed that history of OSA was not predictive of higher costs. However, a significant difference 
was observed in the odds of having an ICU admission (P = 0.0046).

Conclusion: While patients with sleep apnea may be more likely to be admitted to the ICU postoperatively, OSA status 
a lone is not a risk factor for poor primary and secondary clinical outcomes following posterior cervical fusion procedures.

Clinical Relevance: Various deformities of the cervical spine can exert extraluminal forces that partially collapse or 
obstruct the airway, thereby predisposing patients to OSA; however, no study has examined the cost or outcome profiles for 
PCDF procedures in patients with OSA. Therefore, this investigation highlights the ways in which OSA influences the risks, 
outcomes, and costs following PCDF using medical data from an institutional registry.

Level of Evidence: 3.

Cervical Spine

Keywords: cervical spine surgery, obstructive sleep apnea, posterior cervical decompression and fusion

INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic condition 
that results from repeated episodes of narrowing or partial 
collapse of the upper airway during sleep. OSA is a per-
vasive problem in the adult population with an increasing 
prevalence estimated to be around 9% to 24%.1,2 Over 
time, OSA results in diminished neurocognitive perfor-
mance, increased daytime sleepiness, increased risk of 
all- cause mortality, and medical problems such as car-
diovascular disease, systemic hypertension, stroke, and 

altered glucose metabolism.3 OSA has also been shown 
to have a profound impact on patient function and quality- 
of- life scores.4–6 As such, OSA represents an important 
medical comorbidity that requires special consideration in 
the perioperative setting.

There are many factors that may predispose patients to 
OSA. These include age, male sex, obesity, and craniofa-
cial abnormalities such as short mandibular size, adenoid 
hypertrophy, and extended head posturing.3,7 While the 
bony and cartilaginous structures in the naso- and oro-
pharynx have traditionally been credited with maintaining 

 Copyright 2022 by International Society for the Advancement of Spine Surgery.
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patency in the upper airway, the cervical spine is increas-
ingly being recognized as a critical structure that influ-
ences patency as well.7–9 Given their proximity to the 
airway, the cervical vertebrae normally contribute passive 
support to the posterior wall of the upper airway. However, 
various deformities and pathologies of the cervical spine 
can also exert extraluminal forces that may partially col-
lapse or obstruct the airway, thereby predisposing patients 
to OSA.10–17

In recent years, procedures that decompress and fuse 
the spine have been increasingly used to treat a variety of 
spine diseases.18–21 Typically, these fusion procedures are 
approached either anteriorly (anterior cervical decompres-
sion and fusion), posteriorly (posterior cervical decom-
pression and fusion [PCDF]), or both (frontback). Despite 
our increasing understanding of the biomechanical forces 
that the cervical spine may exert upon the upper airway, 
there is a dearth of literature assessing the unique influ-
ence that OSA has on outcomes for fusion procedures for 
various spinal abnormalities. Furthermore, while previous 
studies have examined risk factors that influence the com-
plications and outcomes of cervical fusion procedures, no 
study, to our knowledge, has examined the cost or outcome 
profiles for PCDF procedures in patients with OSA. Given 
the importance of this medical comorbidity, it has the 
potential to influence discussions of research, policy, and 
delivery of care to this challenging patient population.

In light of this deficit in the literature, we sought to 
conduct a rigorous retrospective analysis of how OSA 
influences the risks, outcomes, and costs following PCDF 
using medical data from our institution. Given the addi-
tional challenges of airway management in this patient 
population, the central hypothesis was that patients with 
OSA would experience greater risk of prolonged extuba-
tion, more frequent cardiovascular and pulmonary compli-
cations, and higher costs of treatment than patients without 
OSA. This topic deserves careful consideration because of 
the increasing prevalence of OSA in our adult population,1 
the vulnerability of patients with cervical deformities that 
predispose to OSA,7 and the profound effect that OSA has 
on function and quality of life.5

METHODS

Data Source, Inclusion Criteria, and Patient  
Stratification

Medical records within our institution were retro-
spectively reviewed for all cases involving a PCDF 
procedure performed for cervical stenosis between 
2008 and 2016. These cases were identified utilizing 
the current procedural terminology (CPT) codes 22600, 

63045, 63001, 63015, 22110, and 22210. Those who 
underwent anterior cervical surgery within the same 
hospitalization were excluded with the CPT codes 
22554, 22551, and 63075.

Covariates

Demographic data were collected for each patient’s 
age, sex, body mass index (BMI), American Society of 
Anesthesiologists (ASA) status classification, admis-
sion type, and Elixhauser Comorbidity Index (ECI) 
score.22,23 In addition, several pertinent intraopera-
tive and perioperative variables were also obtained 
for each patient. Respiratory complications included 
pneumonia, pulmonary edema, pulmonary embolism, 
pulmonary insufficiency, and respiratory failure. We 
also examined in detail the morbidity by organ system, 
including airway, bleeding, renal failure, myocardial 
infarction, cardiac arrest, stroke, deep venous throm-
bosis, pneumonia, pulmonary embolism, wound dehis-
cence, sepsis, septic shock, urinary tract infection, and 
mortality.

Primary and Secondary Outcomes

The need for an unexpected delayed extubation, 
defined as extubation after leaving the operating room, 
was selected as the primary outcome in this study. Unex-
pected delayed extubation was selected as the primary 
outcome because it is well recognized that there are 
additional challenges in airway management in this 
patient population in the perioperative period. OSA was 
determined through the International Classification of 
Diseases, Ninth Revision and International Classifica-
tion of Diseases, Tenth Revision codes 327.23, 327.21, 
327.20, 327.29, G473, G473.0, G473.1, and G473.3 
across all patients who underwent PCDF during the 
study period and confirmed with individual examina-
tion of patients’ medical records. Secondary outcomes 
included admission to the intensive care unit (ICU), 
any complication, extended hospitalization (defined as 
cases with length of stay greater than the 75th percentile 
across the entire study population), nonhome discharge 
(defined as any discharge that was not home), and 30- 
and 90- day hospital readmissions and emergency room 
visits.

Statistical Methods

SAS (SAS Institute Inc., Cary, NC, USA) was used 
for statistical analysis in this study. χ2 tests were imple-
mented to analyze categorical variables. Fisher’s exact 
test was used for contingency tables containing an 
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expected count less than 1 under the null hypothesis of 
independence. The means for any continuous variables 
were compared using 2- sided, 2- sample t tests. Univar-
iate regression models for OSA and non- OSA cohorts 
were constructed to better understand the data by eval-
uating the relationships between certain periopera-
tive and postoperative variables and various measures 
of clinical outcome. Finally, multivariable linear and 
logistic regression models were constructed to control 
for demographic and relevant clinical comorbidity vari-
ables that significantly differed between the 2 groups, 
or if they were well- established clinical factors known 
to affect surgical outcomes. In this particular study, 
models controlled for age, sex, ASA status, ECI score, 
number of segments fused, obesity, and whether intu-
bation was performed before induction of anesthesia. 
Model multicollinearity was assessed using the vari-
ance inflation factor.

Sequential modeling was utilized in the analyses of 
direct costs, such that models including successively 
increasing numbers of factors that contribute to cost 
were created to understand the point at which sleep 
apnea was no longer a contributing factor to increased 
direct costs. A P value less than 0.05 was set in advance 
as a threshold for determining statistical significance.

RESULTS

Study Population Characteristics

A total of 1191 patients who underwent a PCDF pro-
cedure were included in this study. Of the total patient 
cohort, 93 patients (7.81%) had a recorded history of 
OSA and 1098 patients (92.19%) did not. The 2 patient 
cohorts were similar in age, sex, admission type, 
number of segments involved in the procedure, and 
overall comorbidities (demonstrated by ECI; [Table 1]). 
However, the OSA patient cohort differed significantly 
in terms of their rates of obesity and the distribution 
of their ASA classification status. In the OSA cohort, 
46.2% of patients had a BMI greater than 30 kg/m2 
compared with only 7.9% in the control cohort (P < 
0.0001). ASA status was also significantly different 
between the 2 groups, with 82.8% of patients with 
OSA having an ASA score of greater than 2, indicating 
severe systemic disease or severe systemic disease that 
is a constant threat to life, compared with 50.6% in the 
control cohort (P < 0.0001).

Morbidities and mortality were reviewed by organ 
system, and the incidence of each morbidity was com-
pared between patient cohorts. Table 2 displays all of 
the morbidities reviewed for this study and the all- cause 

mortality rates at the end of the study period. Patients 
undergoing PCDF with a history of OSA had signifi-
cantly higher rates of posthemorrhagic anemia (22.6%) 
compared with patients without a history of OSA 
(12.2%) (P = 0.0043) and respiratory failure (4.3% vs 
1.4%, P = 0.0301). There was no difference in the rate 
of mortality between the 2 cohorts (P = 0.6138).

Primary and Secondary Outcomes

Univariate logistic regression modeling was used 
to determine how a history of OSA related to individ-
ual clinical outcomes (Figure; Tables 3 and 4). When 
examining the primary outcome, delayed extubation, 
we observed that patients with a history of OSA did not 
have prolonged extubation compared with the control 
cohort (OR = 0.66, 95% CI: 0.21–2.07; P = 0.4773). Of 
note, at the univariate level, the number of cases admit-
ted to the neuroscience intensive care unit (NSICU) 
postoperatively was greater in the OSA group (33.3%) 
compared with the control cohort (16.8%) (P < 0.0001), 
as was the number of overall complications (29.0% 
vs 19.0%, P = 0.0202) and respiratory complications 
(12.9% vs 6.6%, P = 0.0217).

At the multivariate level, delayed extubation 
remained nonsignificant (P = 0.4773) while the odds 

Table 1. Demographics of the study population by history OSA.

Demographic
No History of OSA  

(n = 1098) OSA (n = 93) P Value

Age, y, mean ± SEM 58.8 ± 0.4 53.6 ± 1.2 0.4252
Sex, n (%) 0.1218
  Male 654 (59.6) 63 (67.7)
  Female 444 (40.4) 30 (32.3)
Obesity, n (%) <0.0001a

  BMI <30 1011 (92.1) 50 (53.8)
  BMI 30–40 65 (5.9) 23 (24.7)
  BMI >40 22 (2.0) 20 (21.5)
ASA status, n (%) <0.0001a

  I 29 (2.6) 0 (0.0)
  II 512 (46.6) 16 (17.2)
  III 505 (46.0) 70 (75.3)
  IV 50 (4.6) 7 (7.5)
ASA status (reference: <2), 

n (%)
  >2 556 (50.6) 77 (82.8) <0.0001a

Admission type, n (%) 0.1261
  Elective 1071 (97.5) 93 (100.0)
  Nonelective 27 (2.5) 0 (0.0)
Segments operated, mean ± 

SEM
3.9 ± 0.06 4.2 ± 0.21 0.1066

Length of surgery, min, mean 
± SEM

156.4 ± 13.7 164.6 ± 15.9 0.8624

Awake intubation, n (%) 61 (5.6) 9 (12.9) 0.1047
Elixhauser Comorbidity Index, 

n (%)
0.7373

   <0 138 (12.6) 15 (16.1)
  0 761 (69.3) 62 (66.7)

  1–4 63 (5.7) 4 (4.3)
   >4 136 (12.4) 12 (12.9)

Abbreviations: ASA, American Society of Anesthesiologists physical status classification 
system; BMI, body mass index; OSA, obstructive sleep apnea; SEM, standard error of the 
mean.
aP < 0.05 was used as a threshold for statistical significance.
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of NSICU admission remained significantly increased 
(OR = 2.17, P = 0.0046) in the OSA cohort. Interest-
ingly, the OSA group was found to have lower odds 

of nonhome discharge (OR = 0.50, P = 0.0181) when 
compared with the patients who did not have a history 

Table 2. Morbidity and mortality of the study population by history of OSA.

Variable, n (%) No History of OSA (n = 1098) OSA (n = 93) P Value

Morbidity by organ system
  Airway 1 (0.1) 0 (0.0) 0.7709
  Acute respiratory distress syndrome 1 (0.1) 1 (0.0) 0.7709
  Atelectasis 53 (4.8) 8 (13.1) 0.1128
  Posthemorrhagic anemia 134 (12.2) 21 (22.6) 0.0043a

  Renal failure 16 (1.5) 1 (1.1) 0.7656
  Myocardial infarction 7 (0.6) 2 (2.2) 0.1057
  Cardiac arrest 9 (0.8) 2 (2.2) 0.1977
  Cerebrovascular attack 1 (0.1) 0 (0.0) 0.7709
  Deep venous thrombosis 2 (0.2) 0 (0.0) 0.6804
  Obesity- related hypoventilation syndrome 1 (0.1) 0 (0.0) 0.7709
  Pneumonia 29 (2.6) 4 (4.3) 0.3491
  Pulmonary edema 1 (0.9) 0 (0.0) 0.7709
  Pulmonary embolism 3 (0.3) 0 (0.0) 0.6138
  Pulmonary insufficiency 4 (0.4) 0 (0.0) 0.5599
  Respiratory failure 15 (1.4) 4 (4.3) 0.0301a

  Wound dehiscence 2 (0.2) 0 (0.0) 0.6804
  Sepsis 8 (0.7) 0 (0.0) 0.4088
  Septic shock 3 (0.3) 0 (0.0) 0.6138
  Urinary tract infection 13 (1.2) 1 (1.1) 0.9256
Overall mortality 3 (0.3) 0 (0.0) 0.6138

Abbreviation: OSA, obstructive sleep apnea.
aP < 0.05 was used as a threshold for statistical significance.

Figure. Forest plot depicting OR of experiencing adverse clinical outcomes between patients with and without a history of obstructive sleep apnea (OSA). OSA 
does not impact the odds of having prolonged extubation; however, it does increase the odds of a postoperative admission to the intensive care unit (ICU). A 
history of OSA also decreases the odds of an extended hospitalization and nonhome discharge in our study population. OR obtained through multivariate logistic 
regression analysis. P value <0.05 was set as a threshold for statistical significance. *indicates <0.05; ** indicates <0.01; *** indicates <0.0001. ER, emergency 
room; LL, lower limit; UL, upper limit.
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of OSA. All other clinical outcome variables had no sta-
tistical difference between the 2 cohorts (Table 4).

For the sequential modeling of cost, the first model 
simply looked at OSA as a binary variable to predict 
total cost utilization, which did not demonstrate a sig-
nificant effect (β = 1125.66, P = 0.5130). The second 
model, which assessed the impact of OSA while con-
trolling for a number of patient- level factors, also did 
not demonstrate that OSA had a significant effect on 
direct costs (β = −1155.54, P = 0.4709). Furthermore, 
a history of OSA did not significantly predict increased 
direct costs while controlling for other resource utiliza-
tion and length of stay variables (model 3: β = −297.31, 
P = 0.8355, model 4: β = 632.78, P = 0.4182). Inter-
estingly, while OSA did not significantly predict direct 
costs in any of our multivariate models, other variables 
did appear to predict increased direct cost in these 
models. In the most comprehensive model, variables that 
predicted increased direct cost, when controlling for all 
covariates, included female sex (P = 0.0018), number 
of segments involved in the procedure (P < 0.0001), 
length of the surgery (operating time; P < 0.0001), total 
volume of cryoprecipitate (P < 0.0001), total volume 
of fresh frozen plasma (P = 0.0016), longer length of 

hospital stay (P < 0.0001), and length of NSICU stay (P 
< 0.0001) (Table 5).

DISCUSSION

Study Population

OSA is increasingly common in the United States 
and is highly associated with a number of other comor-
bidities. Specifically, obesity contributes to increased 
neck fat and tissue volume surrounding the upper 
airway.24 Patients with a BMI greater than 30 are more 
likely to report a history of OSA compared with indi-
viduals who have BMI in the normal range.25 In our 
study, we found that a significant number of patients 
within the OSA cohort also had a BMI greater than 30. 
Of these 93 patients, nearly half had a BMI between 30 
and 40 and nearly a quarter had a BMI greater than 40, 
compared with the control cohort who only had 7.9% 
of patients with a BMI greater than 30. It has been well 
documented in the literature that OSA and obesity are 
commonly comorbid,25–30 which is evident in our study 
as well.

Upon analysis of different morbidities that patients 
experienced postoperatively, we found postoperative 
bleeding and respiratory failure to be the only compli-
cations to have significant differences between the OSA 
and control cohorts (Table 2). In particular, the rate of 
respiratory failure was nearly 3 times as high in the 
OSA cohort compared with the control cohort, which 
may be related to the known challenges of airway man-
agement and respiration in this patient population. In 
addition, the rate of postoperative, posthemorrhagic 
anemic events was almost twice as high in the OSA 
cohort compared with the control cohort (Table 2). 
It is possible that the comorbid obesity and poten-
tially restricted muscle relaxation that are enriched 
in the OSA cohort may affect surgical dissection and 
enhance the intraoperative and postoperative bleeding, 

Table 3. Comparison of relevant clinical outcome measures based on the presence of OSA.

Variable, n (%) No History of OSA (n = 1098) OSA (n = 93) P Value

Prolonged extubation 71 (6.5) 4 (4.3) 0.4092
Admitted to the intensive care unit 184 (16.8) 31 (33.3) <0.0001a

Complication 209 (19.0) 27 (29.0) 0.0202a

Respiratory complication 72 (6.6) 12 (12.9) 0.0217a

Nonhome discharge 337 (30.7) 24 (25.8) 0.3017
Prolonged length of stay 343 (31.2) 28 (30.1) 0.8211
Readmission within 30 d 52 (4.7) 3 (3.2) 0.5053
Readmission within 90 d 86 (7.8) 6 (6.5) 0.6320
Emergency room visit within 30 d 33 (3.0) 1 (1.1) 0.2832
Emergency room visit within 90 d 46 (4.2) 1 (1.1) 0.1386

Abbreviation: OSA, obstructive sleep apnea.
aP < 0.05 was used as a threshold for statistical significance.

Table 4. Multivariate logistic regression models evaluating the impact of 
obstructive sleep apnea on relative clinical outcome measures.

Outcome OR (95% CI) P Value

Prolonged extubation 0.66 (0.21–2.07) 0.4773
Admission to intensive care unit 2.17 (1.27–3.70) 0.0046a

Complication 1.40 (0.82–2.39) 0.2201
Respiratory complication 1.36 (0.64–2.91) 0.4224
Extended hospitalization 1.36 (0.39–4.67) 0.6287
Nonhome discharge 0.50 (0.28–0.89) 0.0181a

Readmission in 30 d 0.43 (0.12–1.53) 0.1937
Readmission in 90 d 0.54 (0.21–1.36) 0.1908
Emergency room visit in 30 d 0.25 (0.03–1.99) 0.1882
Emergency room visit in 90 d 0.18 (0.02–1.39) 0.0997

Note: Models control for demographic and intraoperative variables, including 
age, sex, American Society of Anesthesiologists physical status classification 
system status, Elixhauser Comorbidity Index, number of segments operated on, 
obesity, and awake intubation.
aP < 0.05 was used as a threshold for statistical significance.
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leading to the observed increase in posthemorrhagic 
anemia in this cohort. However, it has also been previ-
ously shown that patients with OSA can experience a 
number of thrombotic or coagulopathic events thought 
to be related to chronic episodes of nocturnal hypoxia.31 
However, it has been commonly found that patients 
with OSA experience prothrombotic events, such as 
deep venous thromboses, without good evidence as to 
why these coagulopathies develop. In these cases, it has 
frequently been shown that the severity of sleep apnea 
is strongly correlated with the severity of the coagu-
lopathy.32–34 Therefore, in our study the patients in the 
OSA cohort may have a range of severity, with a non-
significant subset having severe OSA, which may indi-
cate why we do not see any hypercoagulable events in 
these patients. Given that patients with OSA do have a 
variety of changes occurring within clotting and fibri-
nolytic factors throughout their disease course,32 more 
targeted studies are needed to identify specific changes 
and cellular mechanisms across all severities of OSA.

Primary Outcome: Need for Delayed Extubation

The need for delayed extubation is a variable that 
provides a number of insights into the patient’s post-
operative condition as well as their resource utilization 
in the operative setting. Previous studies have demon-
strated an increased incidence of postoperative airway 
complications, including obstruction and oxygen desat-
uration, in OSA patients, which may complicate the 
decision to extubate in the operating room.35,36 Inter-
estingly, we found that OSA patients did not have a 
significant increase in delayed extubation compared 

with the control cohort (4.3% vs 6.5%, P = 0.4092). 
Overall, delayed extubation was relatively low in both 
groups and is rare in elective cervical decompression 
and fusion procedures.37 Therefore, a low rate of events, 
while signifying the relative safety of posterior cervi-
cal procedures in regard to delayed extubation, could 
also have prevented a difference between the 2 cohorts 
from being uncovered. Clinically, patients who fail 
extubation have higher rates of respiratory complica-
tions, including higher rates of tracheostomy and mor-
tality.38 Delayed extubation can also lead to significant 
increased resource utilization including time in the 
OR, use of a ventilator, and admission to the ICU.39–41 
Previous studies that assess the impact of OSA in both 
spine and joint procedures have found that patients with 
OSA are more commonly admitted to the ICU and have 
higher overall complication rates.34,37,42,43 However, it 
is unclear what the etiology of these ICU admissions 
was, in most cases, meaning that a connection between 
delayed extubation and increased complications is still 
entirely possible in the OSA cohort. While the present 
results do not suggest this, further studies with larger 
cohorts are needed to confirm the lack of a connection.

Secondary Outcomes: Clinical Outcomes and 
Direct Cost Analysis

At the univariate level, we identified that both overall 
complications, respiratory complications, and ICU 
admissions were greater for the OSA cohort (Table 3). 
These 3 outcomes are consistent across multiple studies 
that have looked at both elective spine procedures and 
orthopedic procedures. Two studies that reviewed the 

Table 5. Multivariate linear regression model evaluating the impact of a number of demographic, clinical, and perioperative factors on predicting direct cost.

β (SE) 95% CI P Value

Total Direct Cost (Model 4) (R2 = 0.83, P < 0.0001a)
Age −27.00 (15.43) −57.3 to 3.3 0.0805
Sex (male) −1252.57 (399.43) −2036.2 to −468.9 0.0018a

American Society of Anesthesiologists physical 
status classification system status

−209.29 (347.25) −890.6 to 472.0 0.5468

Elixhauser Comorbidity Index 23.86 (56.87) −87.7 to 135.4 0.6749
Number of segments operated 1830.24 (107.74) 1618.9–2041.6 <0.0001a

Obesity −409.93 (479.36) −1350.4 to 530.6 0.3926
Obstructive sleep apnea 632.78 (781.3) −900.1 to 2165.7 0.4182
Length of surgery 31.37 (3.04) 25.4–37.3 <0.0001a

Crystalloids 0.23 (0.23) −0.22 to 0.68 0.3260
Colloids 3.97 (2.45) −0.84 to 8.8 0.1054
Red blood cells 0.51 (1.30) −2.0 to 3.1 0.6928
Platelets 10.28 (5.88) −1.3 to 21.8 0.0806
Fresh frozen plasma −5.82 (1.84) −9.4 to −2.2 0.0016a

Cryoprecipitate 352.91 (33.68) 286.8–419.0 <0.0001a

Length of stay 1301.54 (47.23) 1208.9–1394.2 <0.0001a

Intensive care unit length of stay 1229.41 (111.55) 1010.6–1448.3 <0.0001a

Awake intubation 858.09 (833.25) −776.7 to 2492.9 0.3033

Abbreviation: SE, standard error.
Note: Multiple models were constructed to evaluating a variety of clinical factors. The table presents model 4 from Table 6 and is the most comprehensive model.
aP < 0.05 was used as a threshold for statistical significance.
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National Inpatient Sample database found a significant 
increase in complications, involving multiple organ 
systems, including respiratory, cardiac, renal, pulmo-
nary, as well as overall complications for patients with 
OSA.34,42 However, Gupta et al performed a retrospec-
tive case control study on patients with OSA undergo-
ing different orthopedic joint procedures, and identified 
that patients with OSA had higher rates of admission 
to the ICU and total complications, but no difference in 
specific organ system complications.43 In our study, we 
find a similar effect after multivariate analysis, demon-
strating that patients with a history of OSA are twice as 
likely to have an ICU admission than the control cohort 
(P = 0.0038). A larger prospective registry may allow 
for a more sensitive screen of organ system morbidities 
given the overall rare occurrence of these events in elec-
tive spine procedures.

At the multivariate level, a history of OSA makes a 
patient 2.17 times more likely to have an admission to 
the ICU, which is consistent with previous literature in 
both spine and orthopedic procedures (Table 4).34,42,43 
However, we see an unexpected effect of OSA on both 
extended hospitalization and nonhome discharge. A 
history of OSA was associated with significantly lower 
odds of a nonhome discharge (P = 0.0181). This finding 
in our retrospective cohort is not consistent with what 
has been reported in previous studies, which have 
found that OSA is associated with increased length of 
stay, increased odds of extended hospitalization, and 
nonhome discharge following posterior lumbar fusion 
and total knee and hip arthroplasty.34,42,43 This effect 
could be a result of the small number of OSA patients 
(N = 93) compared with the control cohort (N = 1098). 
A prospective, control- matched study may further elu-
cidate the impact of OSA on hospitalization length and 
patient discharge disposition.

Upon cost analysis, a history of sleep apnea did not 
have a significant impact on direct costs at the patient 
level (Tables 5 and 6). This is likely due to the main 
drivers of cost in patients undergoing cervical spine 
surgery, which have been shown previously to be length 
of stay, number of segments involved in the procedure, 
and length of procedure.44–46 Similarly, in our study we 
found that patients who had more extensive operations, 
indicated by a greater number of segments involved (P 
< 0.0001) and the length of procedure (P < 0.0001), 
had a greater likelihood of increased cost. Other drivers 
included increased hospital resource utilization and 
longer lengths of stay (P < 0.0001), which are likely 
unrelated to a patient’s history of OSA and more likely 
associated with the size of the procedure performed. 

However, patients with a history of OSA may require 
increased lengths of stay in the ICU or in the hospi-
tal due to any respiratory complications or prolonged 
intubation. Given the findings of increased ICU stays 
and decreased odds of prolonged length of stay in OSA 
patients, it is possible that these costs offset the cohort 
to result in minimal differences from the control cohort 
on the basis of cost. Further study is warranted to deter-
mine the association of OSA and the common drivers 
of increased cost utilization in cervical spine surgery.

Limitations

First, given that this study is retrospective, it is diffi-
cult to assess temporal relationships between variables. 
In addition, a limited sample of patients was included in 
this study, which may mean that certain analyses lacked 
the power to detect significance for variables, and certain 
variables, including intraoperative estimated blood 
loss, were unable to be included in the study. Selecting 
OSA as a binary variable is limiting given that it is a 
chronic condition that ranges in severity over time, and 
the severity of disease may have variable influences on 
clinical outcomes. While a grading scale, such as the 
Apnea Hypopnea Index, was not commonly used for 
the patients in this dataset and could not be retroactively 
applied given the available information, incorporation 
of such grading scales may provide additional valuable 
insights in future analyses. Furthermore, any patients 
with undiagnosed OSA would likely cause any differ-
ences in demographics or outcomes to be statistically 
less significant, meaning that the present study likely 
underestimates any differences in outcomes of patients 
with OSA. In addition, while review of patient records 
did not yield any mention of prominent osteophytes, 
rheumatoid arthritis, or altered C0- C2 angle that could 
have acutely changed the severity of the patients’ OSA 

Table 6. Multivariate linear regression models evaluating the impact of a 
history of obstructive sleep apnea on predicting direct cost while controlling 
for a number of perioperative variables.

β (SE) 95% CI P Value

Total Direct Cost
Model 1 1125.66 (1720.14) −2249.18 to 4500.50 0.5130
Model 2 −1155.54 (1602.16) −4298.93 to 1987.85 0.4709
Model 3 −297.31 (1431.57) −3106.04 to 2511.42 0.8355
Model 4 632.78 (781.29) −900.12 to 2165.68 0.4182

Abbreviation: SE, standard error.
Note: Multiple models were constructed to evaluating a variety of clinical factors. Model 
1 had only sleep apnea as an independent variable to predict cost as the dependent 
variable. Model 2 included model 1 plus age, sex, American Society of Anesthesiologists 
physical status classification system status, Elixhauser Comorbidity Index, number of 
segments, and obesity. Model 3 included model 2 plus length of surgery, total volume 
of crystalloids, total volume of colloids, total volume of red blood cells, total volume of 
platelets, total volume of fresh frozen plasma, and total volume of cryoprecipitate. Model 
4 included model 3 plus length of hospital stay and length of intensive care unit stay.
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postoperatively, this cannot be ruled out for certain, and 
thus, it is possible that the presence or absence of some 
anatomical factors in certain patients may have also 
affected their airways, which could confound some of 
the outcomes examined in this study. Similarly, surgical 
correction of a previously existing anatomic factor that 
may have predisposed certain patients to OSA could 
also potentially confound some of the reported out-
comes. Finally, the data in this study were obtained from 
a single institution. As such, it is subject to institution- 
level differences and preferences in surgical practice 
and patient management.

CONCLUSION

In this study, OSA was found to have a greater 
comorbidity burden preoperatively and increased rates 
of complications postoperatively in patients undergo-
ing posterior cervical decompression and fusions. Of 
note, OSA was not an independent predictor of delayed 
extubation, respiratory complications, or increased 
direct costs. Taken together, the results from this study 
suggest that while OSA may be indicative of poorer 
overall health, OSA status alone is not a risk factor for 
poor primary and secondary clinical outcomes follow-
ing posterior cervical fusion procedures. While patients 
with OSA and associated comorbidities may warrant 
closer attention from surgeons during procedures on the 
cervical spine, our analysis suggests that it can be per-
formed both safely and effectively in this patient pop-
ulation.

REFERENCES
 1. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla 
KM. Increased prevalence of sleep- disordered breathing in adults. 
Am J Epidemiol. 2013;177(9):1006–1014. doi:10.1093/aje/kws342
 2. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. 
The occurrence of sleep- disordered breathing among middle- aged 
adults. N Engl J Med. 1993;328(17):1230–1235. doi:10.1056/
NEJM199304293281704
 3. Punjabi NM. The epidemiology of adult obstructive sleep 
apnea. Proc Am Thorac Soc. 2008;5(2):136–143. doi:10.1513/
pats.200709-155MG
 4. Flemons WW. Measuring health related quality of life in sleep 
apnea. Sleep. 2000;23 Suppl 4:S109-14. doi:10.1093/sleep/23.4.1g
 5. Flemons WW, Tsai W. Quality of life consequences of sleep- 
disordered breathing. J Allergy Clin Immunol. 1997;99(2):S750-6. 
doi:10.1016/s0091-6749(97)70123-4
 6. Yang EH, Hla KM, McHorney CA, Havighurst T, Badr MS, 
Weber S. Sleep apnea and quality of life. Sleep. 2000;23(4):535–541.
 7. Khan A, Than KD, Chen KS, Wang AC, La Marca F, 
Park P. Sleep apnea and cervical spine pathology. Eur Spine J. 
2014;23(3):641–647. doi:10.1007/s00586-013-3046-4

 8. Sonnesen L, Petri N, Kjaer I, Svanholt P. Cervical column 
morphology in adult patients with obstructive sleep apnoea. Eur J 
Orthod. 2008;30(5):521–526. doi:10.1093/ejo/cjn028
 9. Svanholt P, Petri N, Wildschiødtz G, Sonnesen L, Kjaer I. 
Associations between craniofacial morphology, head posture, 
and cervical vertebral body fusions in men with sleep apnea. Am 
J Orthod Dentofacial Orthop. 2009;135(6):702. doi:10.1016/j.
ajodo.2009.02.011
 10. Davies SF, Iber C. Obstructive sleep apnea associated with 
adult- acquired micrognathia from rheumatoid arthritis. Am Rev 
Respir Dis. 1983;127(2):245–247. doi:10.1164/arrd.1983.127.2.245
 11. Shoda N, Seichi A, Takeshita K, et al. Sleep apnea in 
rheumatoid arthritis patients with occipitocervical lesions: the 
prevalence and associated radiographic features. Eur Spine J. 
2009;18(6):905–910. doi:10.1007/s00586-009-0975-z
 12. Drossaers- Bakker KW, Hamburger HL, Bongartz EB, 
Dijkmans BA, Van Soesbergen RM. Sleep apnoea caused by rheu-
matoid arthritis. Br J Rheumatol. 1998;37(8):889–894. doi:10.1093/
rheumatology/37.8.889
 13. Ando E, Ogawa T, Shigeta Y, et al. A case of obstructive 
sleep apnoea with anterior cervical osteophytes. J Oral Rehabil. 
2009;36(10):776–780. doi:10.1111/j.1365-2842.2009.01984.x
 14. Fuerderer S, Eysel- Gosepath K, Schröder U, Delank KS, 
Eysel P. Retro- pharyngeal obstruction in association with osteophytes 
of the cervical spine. J Bone Joint Surg Br. 2004;86(6):837–840. 
doi:10.1302/0301-620x.86b6.14933
 15. Wang V, Chou D. Anterior C1- 2 osteochondroma pre-
senting with dysphagia and sleep apnea. J Clin Neurosci. 
2009;16(4):581–582. doi:10.1016/j.jocn.2008.05.024
 16. Yoshida T, Matsuda H, Horiuchi C, et al. A case 
of osteochondroma of the atlas causing obstructive sleep 
apnea syndrome. Acta Otolaryngol. 2006;126(4):445–448. 
doi:10.1080/00016480500416793
 17. Kawaguchi Y, Iida M, Seki S, et al. Os odontoideum with 
cervical mylopathy due to posterior subluxation of C1 present-
ing sleep apnea. J Orthop Sci. 2011;16(3):329–333. doi:10.1007/
s00776-011-0043-5
 18. Angevine PD, Arons RR, McCormick PC. National 
and regional rates and variation of cervical discectomy with 
and without anterior fusion, 1990- 1999. Spine (Phila Pa 1976). 
2003;28(9):931–939. doi:10.1097/01.BRS.0000058880.89444.A9
 19. Bapat MR, Chaudhary K, Sharma A, Laheri V. Surgical 
approach to cervical spondylotic myelopathy on the basis of radio-
logical patterns of compression: prospective analysis of 129 cases. 
Eur Spine J. 2008;17(12):1651–1663. doi:10.1007/s00586-008-
0792-9
 20. Patil PG, Turner DA, Pietrobon R. National trends in surgi-
cal procedures for degenerative cervical spine disease: 1990- 2000. 
Neurosurgery. 2005;57(4):753–758.
 21. Rao RD, Currier BL, Albert TJ, et al. Degenerative cervical 
spondylosis: clinical syndromes, pathogenesis, and management. J 
Bone Joint Surg Am. 2007;89(6):1360–1378. doi:10.2106/00004623-
200706000-00026
 22. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comor-
bidity measures for use with administrative data. Med Care. 
1998;36(1):8–27. doi:10.1097/00005650-199801000-00004
 23. Saklad M. Grading of patients for surgical procedures. 
Anesthesiology. 1941;2(3):281–284. doi:10.1097/00000542-
194105000-00004
 24. Schwartz AR, Patil SP, Laffan AM, Polotsky V, Schnei-
der H, Smith PL. Obesity and obstructive sleep apnea: pathogenic 

 by guest on May 24, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/


Nistal et al.

International Journal of Spine Surgery, Vol. 00, No. 1 9

mechanisms and therapeutic approaches. Proc Am Thorac Soc. 
2008;5(2):185–192. doi:10.1513/pats.200708-137MG
 25. Janssen I. Morbidity and mortality risk associated with an 
overweight BMI in older men and women. Obesity (Silver Spring). 
2007;15(7):1827–1840. doi:10.1038/oby.2007.217
 26. Feng Y, Keenan BT, Wang S, et al. Dynamic upper airway 
imaging during wakefulness in obese subjects with and without 
sleep apnea. Am J Respir Crit Care Med. 2018;198(11):1435–1443. 
doi:10.1164/rccm.201711-2171OC
 27. Jehan S, Myers AK, Zizi F, Pandi- Perumal SR, Jean- Louis 
G, McFarlane SI. Obesity, obstructive sleep apnea and type 2 dia-
betes mellitus: epidemiology and pathophysiologic insights. Sleep 
Med Disord. 2018;2(3):52–58. doi:10.15406/smdij.2018.02.00045
 28. Franklin KA, Lindberg E. Obstructive sleep apnea is a 
common disorder in the population- a review on the epidemiology 
of sleep apnea. J Thorac Dis. 2015;7(8):1311–1322. doi:10.3978/j.
issn.2072-1439.2015.06.11
 29. Phan K, Kothari P, Lee NJ, Virk S, Kim JS, Cho SK. 
Impact of obesity on outcomes in adults undergoing elective pos-
terior cervical fusion. Spine (Phila Pa 1976). 2017;42(4):261–266. 
doi:10.1097/BRS.0000000000001711
 30. Sebastian A, Huddleston P, Kakar S, Habermann E, Wagie 
A, Nassr A. Risk factors for surgical site infection after posterior 
cervical spine surgery: an analysis of 5,441 patients from the ACS 
NSQIP 2005- 2012. Spine J. 2016;16(4):504–509. doi:10.1016/j.
spinee.2015.12.009
 31. Liak C, Fitzpatrick M. Coagulability in obstructive sleep 
apnea. Can Respir J. 2011;18(6):338–348. doi:10.1155/2011/924629
 32. Shamsuzzaman A, Amin RS, Calvin AD, Davison D, 
Somers VK. Severity of obstructive sleep apnea is associated with 
elevated plasma fibrinogen in otherwise healthy patients. Sleep 
Breath. 2014;18(4):761–766. doi:10.1007/s11325-014-0938-4
 33. Hong SN, Yun HC, Yoo JH, Lee SH. Association between 
hypercoagulability and severe obstructive sleep apnea. JAMA Oto-
laryngol Head Neck Surg. 2017;143(10):996–1002. doi:10.1001/
jamaoto.2017.1367
 34. Chung AS, DiGiovanni R, Tseng S, Hustedt JW, Chutkan 
N. Obstructive sleep apnea in elective spine surgery: national prev-
alence and inpatient outcomes. Global Spine J. 2018;8(6):550–556. 
doi:10.1177/2192568217740898
 35. Benumof JL. Obesity, sleep apnea, the airway and anesthesia. 
Curr Opin Anaesthesiol. 2004;17(1):21–30. doi:10.1097/00001503-
200402000-00005
 36. Pang KP. Identifying patients who need close monitor-
ing during and after upper airway surgery for obstructive sleep 
apnoea. J Laryngol Otol. 2006;120(8):655–660. doi:10.1017/
S0022215106001617
 37. 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):389–393. doi:10.1097/00024720-200608000-00002
 38. Rothaar RC, Epstein SK. Extubation failure: magnitude of 
the problem, impact on outcomes, and prevention. Curr Opin Crit 
Care. 2003;9(1):59–66. doi:10.1097/00075198-200302000-00011

 39. Watters TS, Mather RC, Browne JA, Berend KR, Lom-
bardi AV, Bolognesi MP. Analysis of procedure- related costs and 
proposed benefits of using patient- specific approach in total knee 
arthroplasty. J Surg Orthop Adv. 2011;20(2):112–116.
 40. Dexter F, Blake JT, Penning DH, Sloan B, Chung P, Lubar-
sky DA. Use of linear programming to estimate impact of changes in 
a hospital’s operating room time allocation on perioperative variable 
costs. Anesthesiology. 2002;96(3):718–724. doi:10.1097/00000542-
200203000-00031
 41. Gaynor EB, Greenberg SB. Untoward sequelae of pro-
longed intubation. Laryngoscope. 1985;95(12):1461–1467. 
doi:10.1288/00005537-198512000-00005
 42. Lin CC, Lu Y, Patel NA, et al. Outcomes and complications 
after spinal fusion in patients with obstructive sleep apnea. Global 
Spine J. 2019;9(3):287–291. doi:10.1177/2192568218793126
 43. Gupta RM, Parvizi J, Hanssen AD, Gay PC. Postoperative 
complications in patients with obstructive sleep apnea syndrome 
undergoing hip or knee replacement: a case- control study. Mayo 
Clin Proc. 2001;76(9):897–905. doi:10.4065/76.9.897
 44. Twitchell S, Karsy M, Reese J, et al. Assessment of cost 
drivers and cost variation for lumbar interbody fusion procedures 
using the value driven outcomes database. Neurosurg Focus. 
2018;44(5):E10. doi:10.3171/2018.1.FOCUS17724
 45. Chotai S, Sivaganesan A, Parker SL, Sielatycki JA, McGirt 
MJ, Devin CJ. Drivers of variability in 90- day cost for elective 
anterior cervical discectomy and fusion for cervical degenerative 
disease. Neurosurgery. 2018;83(5):898–904. doi:10.1093/neuros/
nyy140
 46. Liu CY, Zygourakis CC, Yoon S, et al. Trends in utili-
zation and cost of cervical spine surgery using the national inpa-
tient sample database, 2001 to 2013. Spine (Phila Pa 1976). 
2017;42(15):E906–E913. doi:10.1097/BRS.0000000000001999

Funding: The authors received no financial support 
for the research, authorship, and/or publication of this 
article.

Declaration of Conflicting Interests: The 
authors report no conflicts of interest in this work.

Corresponding Author: John M. Caridi, 
Department of Neurosurgery, UTHealth Neurosciences 
Spine Center, 6400 Fannin St, Suite 2150, Houston, 
TX, 77030, USA;  John. Caridi@ uth. tmc. edu

This manuscript is generously published free of charge 
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2022 ISASS. To 
see more or order reprints or permissions, see http:// 
ijssurgery. com.

 by guest on May 24, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/

	The Impact of Obstructive Sleep Apnea on Clinical, Perioperative, and Cost Outcomes in Patients Who Underwent Posterior Cervical Decompression and Fusion: A Single-Center Retrospective Analysis From 2008 to 2016
	ABSTRACT
	INTRODUCTION
	METHODS
	Data Source, Inclusion Criteria, and Patient 
Stratification
	Covariates
	Primary and Secondary Outcomes
	Statistical Methods

	RESULTS
	Study Population Characteristics
	Primary and Secondary Outcomes

	DISCUSSION
	Study Population
	Primary Outcome: Need for Delayed Extubation
	Secondary Outcomes: Clinical Outcomes and Direct Cost Analysis
	Limitations

	CONCLUSION
	References


