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Objective: High body mass index is a well-established modifiable comorbidity that is known 
to increase postoperative complications in all types of surgery, including spine surgery. Obe-
sity is increasing in prevalence amongst the general population. As this growing population 
of obese patients ages, understanding how they faire undergoing cervical disc arthroplasty 
(CDA) is important for providing safe and effective evidence-based care for cervical degen-
erative pathology.
Methods: Our study used the Healthcare Cost and Utilization Project’s National Inpatient 
Sample to assess patients undergoing CDA comparing patient characteristics and outcomes 
in nonobese patients to obese patients from 2004 to 2014.
Results: Our study found a significant increase in the overall utilization of CDA as a treat-
ment modality (p = 0.012) and a statistically significant increase in obese patients undergo-
ing CDA (p < 0.0001) from 2004 to 2014. Obesity was identified as an independent risk 
factor associated with increased rates of inpatient neurologic complications (odds ratio [OR], 
6.99; p = 0.03), pulmonary embolus (OR, 5.41; p = 0.05), and wound infection (OR, 6.97; 
p < 0.001) in patients undergoing CDA from 2004 to 2014.
Conclusion: In patients undergoing CDA, from 2004 to 2014, obesity was identified as an 
independent risk factor with significantly increased rates of inpatient neurologic complica-
tions, pulmonary embolus and wound infection. Large prospective trials are needed to vali-
date these findings.
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INTRODUCTION

Cervical disc arthroplasty (CDA) is becoming increasingly 
utilized as an alternative to anterior cervical discectomy and fu-
sion (ACDF) in the treatment of cervical degenerative disc dis-
ease. Patient selection remains crucial for satisfactory outcomes 
after CDA and numerous studies have been devoted to investi-
gating the ideal radiographic and clinical findings that define 
the best surgical candidate. However, the current body of litera-
ture is distinctly lacking in data on how obese patients fare after 
CDA.1-3

There is substantial evidence on how obese patients, those 
with a body mass index (BMI) greater than 30, undergoing ACDF 
have higher complication rates than patients undergoing ACDF 
with a normal BMI.4-6 The increased complication rate is multi-

factorial with systemic changes playing a role but may be relat-
ed to a challenging neck dissection and placement of retractors, 
increased retraction on critical structures, and consequently, lo-
cal edema, increased blood loss, tissue ischemia, and prolonged 
operative time.7 This is further supported by the findings that 
patients who underwent bariatric surgery within 2 years before 
undergoing ACDF had significantly lower pulmonary compli-
cations, renal complications, sepsis, and 90 day readmissions.8 
However, the literature on the impact of obesity specifically on 
CDA surgical outcomes is not well documented.

Elucidating how obesity affects outcomes after CDA is espe-
cially relevant since epidemiological studies show that patients 
with a high BMI are more likely to develop degenerative spine 
pathologies.9-11 In cases of CDA, preliminary studies show a high-
er BMI has been associated with increased risk of prolonged 
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length of stay (LOS) and hospital readmission.12 There is also 
evidence showing that obese patients had lower patient report-
ed outcome scores and patient reported improvement compared 
to nonobese patients for all types of cervical spine surgery per-
formed for degenerative pathology.13

Further examination of the relationship between BMI and 
CDA outcomes is necessary to understand how BMI can serve 
as a predictor of complications and indications for use of CDA 
in obese patients. Establishing this level of understanding in the 
literature can contribute to better patient counseling, patient 
outcomes, and reduced perioperative complications. Our study 
aims to determine the effect of obesity on CDA outcomes and 
postoperative complications.

MATERIALS AND METHODS

1. Data Source and Indices
The Nationwide Inpatient Sample (NIS) is the largest publicly 

available data source for all-payer, inpatient health care in the 
United States (US). This database is developed by the Health-
care Cost and Utilization Project (HCUP). Which represents a 
random subsample of 20% of US inpatients totaling nearly 35 
million annual discharges. The Elixhauser readmission and mor-
tality indices are validated scoring systems that identify variables 
in the NIS when correlated with overall patient health, mortali-
ty risk and 30 readmission risk.14,15 The STROBE (strengthen-
ing the reporting of observational studies in epidemiology) state-
ment was implemented for this manuscript. This study uses pub-
licly available, deidentified data and did not require Institution-
al Review Board approval.

2. Definition of Cases
The NIS was evaluated from 2004 to 2014 and discharges with 

International Classification of Diseases (ICD-9-CM) procedure 
codes indicating CDA were identified as ICD-9-CM 84.60, 84.61, 
84.62, and 80.52. The ICD-9-CM diagnosis codes were further 
delineated for obesity, 278.0x, which is defined as a BMI greater 
than 30.0 kg/m2. Other parameters studied include age, sex, frail-
ty score, obesity, weekend admission status, patient income, race, 
Elixhauser comorbidity index, number of levels treated with disc 
arthroplasty and use of intraoperative monitoring.14

3. Statistical Methods
Aggregate national estimates of yearly discharge frequencies 

were calculated utilizing weighted observations supplied by HC
UP. For the years 2004–2011 and 2012–2014 the adjusted weights 

(TRENDWT) and normal weights (DISCWT) were utilized, 
respectively, to adjust for temporal database changes. Statistical 
analysis was performed with SAS 9.4 (SAS Institute Inc., Cary, 
NC, USA) utilizing the SURVEYMEANS, SURVEYLOGISTIC, 
SURVEYFREQ, and SUVERYREG procedures that account for 
NIS stratified-cluster sampling methodology. NIS sampling is 
clustered by hospital identification (HOSPID) for all years and 
stratified by hospital region or hospital division for the years 
2004–2011 and 2012–2014, respectively.

The normality of continuous variables was assessed graphi-
cally and statistically. Continuous variables with yearly nonpara-
metric distributions were represented as yearly weighted medi-
an estimates; whereas, those with yearly normal distributions 
were represented as yearly weighted mean estimates. Compari-
sons of means/distributions of normally continuous variables 
were carried out using least squared means analysis; while, non-
parametric distributions were compared with a modern exten-
sion of the Wilcoxon rank-sum test that adjusts for clustering, 
stratification, and weights.16

Categorical variables were presented as an estimated weight-
ed frequency and percent. Statistical analyses of categorical vari-
ables were carried out using chi-square and Fisher exact with 
the Monte Carlo simulation tests, as appropriate.17 Time trend 
series plots were created for the yearly incidence of ACDF-obe-
sity patients, using GraphPad PRISM ver. 9 (GraphPad Software 
Inc., La Jolla, CA, USA). To yield a quantitative measurement 
of yearly distribution trends, yearly means/medians of continu-
ous variables were assessed with univariable logistic regression, 
with year assessed separately as either a categorical or continu-
ous variable.

Separate univariable followed by multivariable logistic regres-
sion analysis were performed for the likelihood of the following 
dependent inpatient outcomes: inpatient mortality, neurologi-
cal deficit, dysphagia, cardiac, respiratory, hematologic, gastro-
intestinal, or genitourinary complications, pulmonary embolus, 
wound infection, hardware failure, or durotomy. All available 
NIS hospital, patient, Elixhauser, and economic variables were 
utilized as covariates. Covariates that met a significance level of 
p< 0.05 in the univariable analysis were included in the multi-
variable analysis. A backwards multivariable logistic regression 
was performed and only variables that met significance were 
included in the final model. Only the results of obesity are dis-
played. Only p-values of less than 0.05 were considered statisti-
cally significant.
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RESULTS

From 2004 to 2014, 6,509 CDA cases were identified in the 
NIS. Of these cases, 582 (8.9%) were obese (Table 1). Over this 
time period, CDA was increasingly utilized as a treatment mo-
dality for cervical degenerative disease (p= 0.012) (Table 2). The 
incidence of comorbid obesity in patients undergoing CDA also 

increased and by 2014 patients undergoing CDA were 1.27 times 
more likely to have comorbid obesity in 2014 compared to 2004 
(p < 0.001) (Fig. 1). Only 0.2% of patients undergoing CDA 
were obese in 2004 compared to 1.08% in 2014. There was no 
significant difference in LOS between obese patients, LOS= 1.0 
days, and nonobese patients, LOS= 0.9 days (p= 0.562). There 
was no significant difference in weekend admissions, sex, so-

Table 1. Patient characteristics stratified for obesity for those undergoing CDA from 2004 to 2014

Characteristic Overall Obese Nonobese p-value

No. of patients 6,509 582 5,927

Female sex 3,325 (51.28) 300 (51.55) 3,025 (51.26) 0.942

Age (yr) 47.81 (55.63–41.36) 48.79 (55.90–41.88) 47.72 (55.61–41.33) 0.644

LOS (day) 0.90 (1.83–0.43) 1.00 (1.97–1.00) 0.90 (1.83–0.43) 0.562

Weekend admission 62 (0.95) 10 (1.72) 52 (0.88) 0.33

Zip code income quartile 0.635

   $1–24,999 1,079 (17.00) 94 (16.72) 985 (17.03)

   $25,000–34,999 1,455 (22.92) 132 (23.44) 1,323 (22.87)

   $35,000–44,999 1,668 (26.28) 172 (30.55) 1,496 (25.88)

   $45,000 or more 2,079 (32.76) 155 (27.53) 1,924 (33.26)

Hospital region 0.669

   Northeast 1,527 (23.46) 126 (21.65) 1,401 (23.64)

   Midwest 1,042 (16.01) 111 (19.07) 931 (15.71)

   South 2,173 (33.38) 205 (35.22) 1,968 (33.20)

   East 1,767 (27.14) 139 (23.88) 1,628 (24.47)

Multilevel procedure 4,339 (66.67) 415 (9.56) 3,924 (90.44) 0.259

Readmission index 0.025 ± 0.011   0.11 ± 0.080 0.016 ± 0.009 0.08

Mortality index 0.018 ± 0.008 0.081 ± 0.057  0.012 ± 0.007 0.08

Discharge disposition 0.219

   Home 5,800 (89.25) 500 (8.62) 5,300 (91.38)

   Other facility 201 (3.09) 33 (16.42) 168 (83.58)

   Home health care 498 (7.66) 48 (9.64) 450 (90.36)

Mortality 1 (0.02) 0 (0) 1 (0.02) -

LOS following surgery (day) 0.92 (1.85–0.44) 1.00 (2.21–1.00) 0.92 (1.84–0.44) 0.281

Race -

   White 4,650 (99.64) 405 (8.71) 4,245 (91.29)

   African-American 418 (8.96) 34 (9.24) 384 (8.96)

   Hispanic 459 (9.84) 52 (14.13) 407 (9.47)

   Asian 95 (2.04) 0 (0) 95 (2.21)

   Native American 9 (0.19) 0 (0) 9 (0.21)

   Other 219 (4.69) 15 (4.08) 204 (4.75)

Values are presented as number (%), mean ± standard deviation, or median (interquartile range).
This table shows patient characteristics of patients identified in the NIS from 2004 to 2014 that underwent CDA, a total of 6,509 cases. Of these 
cases, 582 (8.9%) were obese.
CDA, cervical disc arthroplasty; NIS, Nationwide Inpatient Sample; LOS, length of stay.
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cioeconomic status, or regional location within the US (Table 
1). Hospital teaching status also had no significant statistical 
significance with regards to incidence of obesity amongst pa-
tients undergoing CDA.

Univariable analysis of various complication rates and out-
comes for patients that underwent CDA from 2004 to 2014, stra
tified by obesity, is represented in Table 3. Obese patients that 
underwent CDA had statistically significant increased rates of 
neurologic complications (1.55% vs. 0.24%, p= 0.014), pulmo-
nary embolism (1.72% vs. 0.32%, p= 0.03), and wound infection 
(4.12% vs. 0.62%, p< 0.001) compared to nonobese patients, re-
spectively.

Obesity was found to be independently associated with high-
er rates of inpatient neurologic complications (OR, 6.99; p=0.03), 
pulmonary embolism (OR, 5.41; p= 0.05), and wound infection 
(OR, 6.97; p< 0.001), in patients undergoing CDA from 2004 to 
2014. This data is reflected in Table 4 and is the result of sepa-
rate multivariable analyses adjusted for patient age, sex, frailty 
score, obesity, weekend admission status, patient income, race, 
Elixhauser comorbidity index, hospital, and operative covari-
ates such as number of levels treated with disc arthroplasty and 
use of intraoperative monitoring.

Additionally, multivariable analysis revealed there was no sta-

Fig. 1. Univariable logistic regression trends of obesity inci-
dence in cervical disc arthroplasty (CDA) patients. This figure 
shows graphic representation of the univariable logistic regres-
sion trends of obesity incidence in CDA patients from the years 
2004 through 2014.
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Table 2. Regression analysis of CDA incidence between 2004 and 2014

Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 p-value

Overall 43  
(0.65)

288  
(4.42)

367  
(5.64)

510  
(7.84)

726 
(11.16)

1,016 
(66.67)

812 
(58.86)

752 
(56.22)

545 
(50.05)

630 
(53.44)

820 
(60.00)

0.012

Values are presented as number (%).
Statistically significant increase in cervical disc arthroplasty (CDA) utilization as a treatment modality for cervical degenerative disease from 
2004 to 2014.

Table 3. Complications following CDA stratified by obesity 
(n = 6,509)

Variable Overall Obese Nonobese p-value

Neurological 23 (0.36) 9 (1.55) 14 (0.24) 0.014

Respiratory 121 (1.86) 24 (4.12) 97 (1.64) 0.053

Cardiologic 15 (0.23) 5 (0.86) 10 (0.17) 0.155

Hematologic 135 (2.08) 9 (1.55) 126 (2.13) 0.704

GI 58 (0.89) 5 (0.86) 53 (0.89) NS

GU 36 (0.55) 5 (0.86) 31 (0.52) NS

PE 29 (0.45) 10 (1.72) 19 (0.32) 0.03

Values are presented as number (%).
This table shows the results of univariable analysis of various compli-
cation rates and outcomes for patients that underwent CDA from 2004 
to 2014, stratified by obesity.
CDA, cervical disc arthroplasty; GI, gastrointestinal; GU, genitouri-
nary; PE, pulmonary embolus.

Table 4. Adjusted effect of obesity on CDA outcomes

Variable OR LL UL p-value

Neurological 6.99 1.15 42.52 0.03

Respiratory 2.59 0.95 7.06 0.06

Cardiologic 4.85 0.44 54.13 0.199

Hematologic 0.76 0.18 3.242 0.705

GI 0.97 0.12 7.56 0.973

GU 1.67 0.199 14.04 0.637

PE 5.41 0.98 29.99 0.05

Wound infection 6.97 2.24 21.74 < 0.001

Hardware malfunction 0.26 0.04 1.91 0.184

Dysphagia 3.39 0.68 17.08 0.138

Durotomy 1.31 0.51 3.39 0.579

This table shows the results of separate multivariable analyses adjust-
ed for patient, hospital, and operative covariates to determine if obe-
sity is independently associated with increased adverse outcomes.
CDA, cervical disc arthroplasty; OR, odds ratio; LL, lower limit; UL, 
upper limit; GI, gastrointestinal; GU, genitourinary; PE, pulmonary 
embolus.

tistically significant difference in respiratory (OR, 2.59; p= 0.06) 
or cardiologic complications (OR, 4.85; p= 0.199) between obese 
and nonobese patients undergoing CDA (Table 4). There was 
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also no significant difference in reported hardware malfunction, 
dysphagia or durotomy between obese and nonobese patients.

DISCUSSION

Obesity is a global public health issue in the developed world. 
The mean BMI worldwide is increasing steadily by 0.4–0.5 kg/m2 
per decade since 1980,15 with the US having the highest preva-
lence in the world at 93.3 million adults (men, 35%; women, 
40.4%).16 Over the 10-year study period, there was a significant 
increase in obesity incidence among the CDA population. From 
2002 to 2007 CDA in the US was only performed under inves-
tigative purposes as Medtronic completed clinical trials for their 
Prestige Cervical Disc (Medtronic, Minneapolis, MN, USA), 
which received Food and Drug Administration approval in 2007. 
Thus, the incidence of CDA use and obesity amongst CDA pa-
tients expanded as the device was available for use outside of 
clinical trials.17 This trend is expected as the US obese popula-
tion continues to grow steadily.18

Since the number of obese patients undergoing CDA has ex-
panded in the last decade the potential negative impact on sur-
gical outcomes in spinal surgery has become increasingly rele-
vant. While studies in the literature show an association between 
obesity and an increase in mortality, hospitalization, cost, comor-
bidities, and postoperative complications in patients undergo-
ing general and cardiac surgeries, these studies are often small 
single-center cohorts and are not specific to CDA or anterior 
approach for cervical surgeries.19,20 CDA and ACDF use almost 
an identical approach to the anterior cervical spine. While there 
are no specific studies prospectively evaluating the effect of obe-
sity on outcomes in patients undergoing CDA, there are prospec-
tive, randomized controlled studies showing that obesity leads 
to worse outcomes in ACDF and even more technically nuanced 
studies that associate obesity with more challenging neck dis-
section and placement of retractors, increased retraction on crit-
ical structures, and consequently, local edema, increased blood 
loss, tissue ischemia, and prolonged operative time, ultimately 
leading to worse outcomes.7 Given that the approaches to the 
anterior cervical spine for CDA and ACDF are nearly identical, 
literature evaluating the impact of obesity in ACDF is often used 
to extrapolate risks for obesity in CDA. However, the procedures 
are not identical, and some studies have shown longer surgical 
times and retraction time on critical structures during multilev-
el CDA versus ACDF.21 This could mean the impacts of obesity 
on CDA outcomes are underestimated when extrapolating from 
the ACDF literature since retraction time and total surgical time 

can be longer. Unfortunately, obesity was not evaluated as an 
independent risk factor in this comparative study.21 Our study 
allows for the first retrospective analysis on a broad cohort of 
inpatients undergoing CDA and determining if obesity had an 
impact on outcome.

Several studies have investigated the association between BMI 
and functional outcomes in cervical, thoracic and lumbar spine 
surgery.22-26 A meta-analysis published by Jiang et al.5 and a large 
retrospective cross-sectional study of 84,607 patients published 
by Kalanithi et al.22 found similar results to our study. Both stud-
ies found higher rates of wound infection and pulmonary em-
bolism amongst obese patients undergoing spine surgery, which 
is consistent with the results of our study. Both studies found 
that obesity was a risk factor for mortality, however we did not 
find that association.

A study published by Perez-Roman et al.4 evaluated the im-
pact of obesity on ACDF outcomes using the NIS database from 
2004 to 2014. Their study included 1,212,475 patients, compared 
to 6,509 patients in our study. They found patients undergoing 
ACDF in 2014 were 2.5 times more likely to be obese than those 
in 2004 (p < 0.001). We also found an increased incidence of 
obesity amongst CDA patients and in 2014 patients were 1.27 
times more likely to be obese than in 2004 (p< 0.001). Both our 
study and the study by Perez-Roman et al.4 found obesity to be 
an independent risk factor for increased rates of neurologic 
complications (OR, 6.99; p= 0.03 vs. OR, 1.40; p= 0.02) and pul-
monary emboli (OR, 5.41; p= 0.05 vs. OR, 2.08; p< 0.001) on 
multivariate analysis. Both studies found significantly increased 
rates of wound infections in obese versus nonobese patients with 
0.84% of obese ACDF patients developing wound infection (p=  
0.011)4 and 4.12% of obese CDA patients developing wound in-
fection (p< 0.001).

Obese patient’s undergoing CDA had no statistically signifi-
cant increase in incidence of dysphagia, durotomy, hardware 
failure, cardiac, respiratory, hematologic or genitourinary com-
plications compared to nonobese patients undergoing CDA (Ta-
ble 4). However, in the study by Perez-Roman et al.4 obese pa-
tients undergoing ACDF had statistically significant increased 
rates of dysphagia (p< 0.001), durotomy (p< 0.001), hardware 
failure (p = 0.023), cardiac (p < 0.001), respiratory (p < 0.001), 
hematologic (p< 0.001), and genitourinary complications (p<  
0.001) compared to nonobese patients undergoing ACDF. Both 
studies found no significant difference in mortality rates. The 
ACDF study had a much larger sample size, as ACDF was more 
commonly utilized during this time compared to CDA, which 
could explain some of these differences. However, these differ-
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ences could be due to the difference in the interbody used, the 
lack of BMP used on CDA compared to ACDF, and the lack of 
anterior plating system on CDA compared to that used on ACDF. 
No causality can be determined from either of these types of 
studies but these differences could be validated and further in-
vestigated with prospective randomized controlled studies com-
paring obese and nonobese patients undergoing either CDA or 
ACDF.

There is no study specifically evaluating the impact of obesity 
on postoperative CDA complications, LOS, and morbidity with 
which to validate the findings from our study. Loidolt et al.27 is 
a prospective randomized trial evaluating the differences in ad-
verse events occurring over a 10-year period in patients that 
underwent ACDF and CDA. This study found no significant 
difference in rates of adverse events between the 2 groups. Al-
though, this paper is excellent for understanding rates of adverse 
events amongst their cohort of ACDF and CDA patients, they 
excluded extremely obese patients from the trial and did not 
stratify for obesity as an independent risk factor for adverse events, 
thus this study cannot be used to extrapolate the rates of adverse 
events amongst obese patients that undergo CDA.

Malik et al.8 in 2021 further evaluated this trend by using the 
Medicare Standard Analytical Files from 2007 to 2013 to assess 
if undergoing bariatric surgery in the 2 years prior to having an 
ACDF reduced complication rates. They compared patients that 
underwent bariatric surgery 2 years before ACDF versus obese 
patients that did not undergo bariatric surgery within the 2 years 
before undergoing ACDF. They found that there was a statisti-
cally significant reduction in pulmonary complications (OR, 
0.53; p= 0.002), cardiac complications (OR, 0.69; p= 0.012), sep-
sis (OR, 0.69; p=0.035), renal complications (OR, 0.54; p=0.044), 
and 90-day readmissions (OR, 0.53; p= 0.015) in patients that 
had undergone bariatric surgery within 2 years before undergo-
ing elective ACDF. A similar study using these databases spe-
cifically evaluating the impact of obesity on outcomes after CDA 
could further elucidate trends in national patient databases for 
these patients.

The retrospective nature of this study does not allow for de-
termining causality and merely allows for determining correla-
tion. ICD-9 coding in the NIS is subject to errors and can sig-
nificantly alter the patient selection. The NIS database is an es-
timate of national data inpatient hospital trends and lacks the de-
tail of retrospective or prospective patient series. It is also known 
that the NIS significantly underreports obesity.28 The NIS does 
not include adverse events following discharge. Heterotopic os-
sification (HO), a known complication of CDA,29 could not be 

assessed in this study since there is no ICD-9 code specific to 
HO in the cervical spine. Using the NIS limits analysis to the 
immediate inpatient postoperative period following CDA. Fur-
ther research with prospective randomized study, including obese 
patients, evaluating for obesity as an independent risk factor for 
adverse events in the immediate postoperative period in patients 
undergoing CDA would be helpful in validating our data. Ulti-
mately, long-term prospective randomized trials assessing im-
mediate and long-term outcomes amongst obese patients un-
dergoing CDA is warranted.

CONCLUSION

Our study found a significant increase in the overall utiliza-
tion of CDA as a treatment modality along with a significant 
increase in obese patients undergoing CDA (p < 0.001) from 
2004 to 2014. This study demonstrates that, in patients under-
going CDA, obesity was identified as an independent risk factor 
with significantly increased rates of inpatient neurologic com-
plications, pulmonary embolus and wound infection. However, 
unlike ACDF, obesity was not associated with a statistically sig-
nificant increase in dysphagia, durotomy, hardware failure, car-
diac, respiratory, hematologic or genitourinary complications 
for obese CDA patients.4 Gaining a better understanding of how 
obesity impacts complication rates is imperative for improved 
patient selection and outcomes, especially since this study also 
found a significant increase in the utilization of CDA in obese 
patients over a 10-year period. Large prospective trials are need-
ed to validate these findings.
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