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ABSTRACT

Background: Disparities in neurosurgical care have emerged as an area of interest when considering the impact of
social determinants on access to health care. Decompression via anterior cervical discectomy and fusion (ACDF)
for cervical stenosis (CS) may prevent progression towards debilitating complications that may severely compro-
mise one’s quality of life. This retrospective database analysis aims to elucidate demographic and socioeconomic
trends in ACDF provision and outcomes of CS-related pathologies.

Methods: The Healthcare Cost and Utilization Project National Inpatient Sample database was queried between
2016 and 2019 using International Classification of Diseases 10th edition codes for patients undergoing ACDF
as a treatment for spinal cord and nerve root compression. Baseline demographics and inpatient stay measures
were analyzed.

Results: Patients of White race were significantly less likely to present with manifestations of CS such as myelopa-
thy, plegia, and bowel-bladder dysfunction. Meanwhile, Black patients and Hispanic patients were significantly
more likely to experience these impairments representative of the more severe stages of the degenerative spine
disease process. White race conferred a lesser risk of complications such as tracheostomy, pneumonia, and acute
kidney injury in comparison to non-white race. Insurance by Medicaid and Medicare conferred significant risks
in terms of more advanced disease prior to intervention and negative inpatient. Patients in the highest quar-
tile of median income consistently fared better than patients in the lowest quartile across almost every aspect
ranging from degree of progression at initial presentation to incidence of complications to healthcare resource
utilization. All outcomes for patients age > 65 were worse than patients who were younger at the time of the
intervention.

Conclusions: Significant disparities exist in the trajectory of CS and the risks associated with ACDF amongst
various demographic cohorts. The differences between patient populations may be reflective of a larger additive
burden for certain populations, especially when considering patients’ intersectionality.
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A. Das, S. Vazquez, A. Stein et al.
Introduction

Degenerative cervical spine disease is the most common cause of
cervical stenosis (CS), the primary contributor to cervical spinal cord
and nerve root disorders [1,2]. Approximately 80-90% of adults aged
greater than 50 years old demonstrate evidence of degenerative disc
disease on magnetic resonance imaging (MRI) [3,4]. Patients with mild
disease are often asymptomatic, but those with chronic compression-
induced damage to the adjacent cord (ie, myelopathy) or nerve roots
(ie, radiculopathy) may experience progressive deterioration of function
and sensation, loss of hand dexterity, balance issues, paresthesias, lower
extremity fatigue, and neck pain [2,5].

Treatment for CS varies with disease severity. The cost-effectiveness,
relative safety, and validated effectiveness of anterior cervical discec-
tomy and fusion (ACDF) has led to widespread use in symptomatic pa-
tients [6-8]. Early intervention may be valuable, as studies have found
healthcare resource utilization (HRU), in the forms of pain management
and outpatient charges, to be extremely high in the years leading up to
ACDF [9].

Racial and sociodemographic disparities have become increasingly
salient in the discussion of equitable health care and innovation that
benefits all [10,11]. Socioeconomic status (SES) disparities in health
care and their impact on outcomes are well-established [12-14]. Mul-
tiple studies surveying the field of neurosurgery have repeatedly iden-
tified associations between SES, race, or insurance status and rates of
complications, readmission, and even underutilization of treatments at
public hospitals, complications, and readmission rates [15-18].

Using the National Inpatient Sample (NIS) database, this retrospec-
tive study explores associations between sociodemographic factors and
outcomes to identify the impact of social and economic determinants on
access to ACDF for CS.

Methods
Data source and patient selection

The Healthcare Cost and Utilization Project’s NIS, the largest pub-
licly accessible database of all-payer inpatient data, reports data on
millions of U.S. hospitalizations per year [19]. Using the International
Classification of Disease, 10th Revision (ICD10), the NIS was queried
from 2016 to 2019 for patients who were diagnosed with CS (M48.02).
Of those patients, we compared those who received an ACDF (ORB3,
ORT3, 0RG1070, 0ORG10A0, ORG10J0, ORG10K0, ORG13170, ORG13A0,
ORG13J0, 0RG13K0, 0RG1470, 0RG14A0, 0RG14J0) and those who did
not. All patient information was anonymized to minimize any sources
of potential bias and to protect confidentiality.

Data characteristics and outcome measures

Baseline demographics, including age, sex, race, insurance status,
and comorbidities were extracted from the dataset and explored in pa-
tients with myelopathy, plegia, and bowel-bladder dysfunction. Race
was stratified as White, Hispanic, Black, and Asian/Pacific in concor-
dance with patient characteristic categories in the NIS. Quartile (Q) me-
dian household income categories were extracted and standardized ac-
cording to each patient’s zip code. As per Healthcare Utilization Project,
Q1 is defined as the Oth to 25th percentile; Q2 is the 26th to 50th per-
centile; Q3 is 51st to 75th percentile; and Q4 is 76th to 100th median
income percentile. Sociodemographic status herein encompassed Payer
status, median household income, and insurance coverage.

Complications assessed included tracheostomy, pneumonia (PNA),
acute kidney injury (AKI), sepsis, pulmonary embolism (PE), and deep
vein thrombosis (DVT). Outcomes measured were total hospital charges,
length of stay (LOS), and complications. Discharge disposition and pro-
longed LOS (>10 days) were used to measure HRU. Frailty was derived
from the 11-factor modified frailty index (mFI-11), which summates
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functional status, diabetes mellitus, chronic obstructive pulmonary dis-
ease, congestive heart failure, myocardial infarction, cardiac interven-
tions, hypertension with medication, peripheral vascular disease, im-
paired sensorium, transient ischemic attacks without deficit, and cere-
brovascular accident with neurological impairments. The mFI-11 has
been previously validated in the context of spine surgery [20]. AllICD10
codes and indices utilized for the analysis can be found in the Sup-
plementary Materials. Furthermore, the Elixhauser Comorbidity Index
(ECI) was also applied to assess for comorbidities amongst the popula-
tion to account for variation in the health baselines of various subgroups.
Comorbidities within the ECI were selected for evaluation when they
were present in at least 3% of the population. Elevated ECI was defined
as having an ECI greater than 75th percentile [21].

Statistical analysis

Statistical analysis was conducted using SPSS Statistical Software
(IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version
28.0. Armonk, NY: IBM Corp). Baseline characteristics were analyzed
using descriptive statistical analysis. Pearson’s chi-square test was used
to measure odds ratios for categorical variables. Multivariate analysis
was performed to analyze predictors of complications and outcomes.

Results
Characteristics of patients with advanced disease

Of the 155,300 patients undergoing ACDF, 5,660 (3.6%) reported
myelopathy and 1,605 (1%) reported plegia. 660 (0.04%) patients un-
dergoing ACDF had bowel or bladder dysfunction. Patients greater than
age 65 were more likely to present with myelopathy (OR 1.727, CI 95%
1.636-1.823, p<.001), plegia (OR 1.797, CI 95% 1.627-1.986 p<.001),
and bowel bladder dysfunction (OR 1.408, CI 95% 1.201-1.65, p<.001).
Patients with myelopathy, plegia, or bowel bladder dysfunction were
more likely to be male (p<.001, all).

Patients of white race were less likely to experience myelopathy (OR
0.835, CI 95% 0.787-0.886, p<.001), plegia (OR 0.476, CI 95% 0.43—
0.526 p<.001), or bowel-bladder dysfunction (OR 0.731, CI 95% 0.619-
0.864, p<.001). Patients of black race were more likely to present with
myelopathy (OR 1.451 [1.342-1.569], p<.001), plegia (OR 2.443, CI
95% 2.163-2.758, p<.001), and bowel bladder dysfunction (OR 1.54,
CI 95% 1.239-1.915, p<.001). Hispanic patients were more likely to
report plegia (OR 1.515, CI 95% 1.286-1.786, p<.001) or bowel-bladder
dysfunction (OR 1.364, CI 95% 1.045-1.779, p=.025). Asian patients
were more likely to carry a diagnosis of myelopathy (OR 1.44, CI 95%
1.191-1.74, p<.001).

When assessing the impact of socioeconomic factors, patients in the
highest income quartile (Q4) were found to demonstrate fewer asso-
ciations with myelopathy and bowel bladder; these patients were sig-
nificantly less likely to experience plegia (OR 0.515, CI 95% 0.445-
0.595, p<.001). Those in the lowest quartile of median income were
more likely to experience myelopathy (OR 1.125, CI 95% 1.059-1.195,
p<.001) or plegia (OR 1.868, CI 95% 1.687-2.068, p<.001). Patients
insured by Medicaid were more likely to have plegia (OR 1.774, CI 95%
1.552-2.028, p<.001) or have bowel bladder dysfunction (OR 1.349, CI
95% 1.073-1.695, p=.011), and patients insured by Medicare were more
likely to have myelopathy (OR 1.556, CI 95% 1.475-1.641, p<.001),
plegia (OR 1.502, CI 95% 1.361-1.658, p<.001), or bowel-bladder dys-
function (OR 1.457, CI 95% 1.25-1.698, p<.001) (Table 1).

Comorbidities and complications

Elevated ECI was associated with Black race (OR=1.454, 95% CI
1.390-1.522, p<.001), Medicare Insurance (OR=2.616, 95% CI 2.537—
2.697, p<.001), and Q1 Median income (OR=1.170, 95% CI 1.131-
1.210, p<.001). In terms of complications, age was a positive predic-
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Table 1
Markers of disease severity
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All (n=155,300)

Myelopathy (n=>5,660)
OR

Plegia (n=1,605)
OR

Bowel-bladder dysfunction (n=660)

OR

Age greater than 65
Female gender
Insurance—Medicare
Insurance—Medicaid
White race

African American race
Hispanic race
Asian/Pacific race

Q1 Median income
Q4 Median income

1.727 (1.636-1.823)
0.848 (0.804-0.894)
1.556 (1.475-1.641)
0.98 (0.896-1.072)
0.835 (0.787-0.886)
1.451 (1.342-1.569)
0.936 (0.841-1.043)
1.44 (1.191-1.74)
1.125 (1.059-1.195)
0.968 (0.908-1.032)

1.797 (1.627-1.986)
0.643 (0.581-0.71)

1.502 (1.361-1.658)
1.774 (1.552-2.028)
0.476 (0.43-0.526)

2.443 (2.163-2.758)
1.515 (1.286-1.786)
0.861 (0.553-1.341)

1.868 (1.687-2.068)
0.515 (0.445-0.595)

1.408 (1.201-1.65)
0.703 (0.602-0.821)
1.457 (1.25-1.698)
1.349 (1.073-1.695)
0.731 (0.619-0.864)
1.54 (1.239-1.915)
1.364 (1.045-1.779)
1.051 (0.562-1.966)
1.166 (0.982-1.384)
1.011 (0.842-1.213)

All bolded values represent significant odds ratios to a standard of <0.05.

Table 2
Medical complications

Pneumonia
OR

AKI
OR

Sepsis
OR

PE
OR

DVT
OR

Trach

OR
Age > 65 0.907 (0.608-1.353)
Female gender 0.51 (0.356-0.73)
Obesity 0.968 (0.565-1.658)
Smoker 1.681 (1.146-2.464)
White race 0.597 (0.418-0.852)
Medicaid 0.858 (0.492-1.498)
Frailty 1.82 (0.949-3.491)

Q1 Median income

1.884 (1.325-2.677)

1.549 (1.308-1.835)
0.662 (0.565-0.776)
1.337 (1.082-1.652)
1.838 (1.542-2.189)
0.683 (0.578-0.809)
1.134 (0.878-1.465)

8.185 (6.843-9.79)

1.221 (1.031-1.445)

2.834 (2.576-3.119)
0.614 (0.56-0.674)
1.346 (1.187-1.527)
0.851 (0.747-0.969)
0.589 (0.535-0.649)
1.34 (1.135-1.583)
2.889 (2.51-3.325)
1.071 (0.967-1.186)

2.127 (1.575-2.871)
0.61 (0.454-0.82)
0.396 (0.209-0.75)
1.412 (0.998-1.999)
1.078 (0.768-1.514)
0.592 (0.306-1.145)
5.558 (3.884-7.953)
1.941 (1.443-2.612)

3.657 (2.483-5.388)
0.625 (0.445-0.879)
2.43 (1.65-3.577)
0.513 (0.295-0.891)
0.816 (0.561-1.188)
5.315 (3.312-8.528)
4.253 (2.729-6.629)
0.744 (0.494-1.122)

2.578 (1.975-3.365)
0.542 (0.416-0.706)
0.88 (0.581-1.334)

1.123 (0.804-1.568)
0.537 (0.412-0.699)
1.063 (0.656-1.723)
2.311 (1.518-3.518)
1.227 (0.93-1.619)

AKI, acute kidney injury; PE, pulmonary embolism; DVT, deep vein thrombosis.
All bolded values represent significant odds ratios to a standard of <0.05.

tor of PNA (OR 1.549), AKI (OR 2.834), sepsis (OR 2.127), PE (OR
3.657), and DVT (OR 2.578). Female sex was a negative predictor of
tracheostomy (OR 0.51), PNA (OR 0.662), AKI (OR 0.614), sepsis (OR
0.61), PE (OR 0.625), and DVT (OR 0.542). Frailty demonstrated a
positive association with PNA (OR 8.815), AKI (OR 2.889), sepsis (OR
5.558), PE (OR 4.253), and DVT (OR 2.311). Obesity was positively
associated with PNA (OR 1.337), AKI (OR 1.346), and PE (OR 2.43),
Smoking positively predicted upper-airway related complications such
as tracheostomy (OR 1.681) and PNA (OR 1.838). White race negatively
predicted tracheostomy (OR 0.597), PNA (OR 0.683), AKI (OR 0.589),
and DVT (OR 0.537). Q1 median income was a positive predictor of tra-
cheostomy (OR 1.884), PNA (OR 1.221), and sepsis (OR 1.941), while
Medicaid insurance was a positive predictor of AKI (OR 1.34) and PE
(OR 5.315) (Table 2).

Healthcare resource utilization

There appeared to be significant variation amongst the demographic
indicators in inpatient death, discharge dispositions, and LOS. Discharge
to home represented a favorable outcome in comparison to alternative
discharge patterns such as discharge to a skilled nursing facility. Age
65 was a significant positive predictor of inpatient death (OR 4.264,
CI 95% 3.105-5.857, p<.001) and prolonged LOS (OR 0.355, CI 95%
0.345-0.365, p<.001), while it served as a negative predictor of un-
complicated routine discharge to home without care (OR 1.943, CI 95%
1.809-2.088, p<.001). Frailty was a negative predictor of routine dis-
charge (OR 0.476, CI 95% 0.45-0.504, p<.001) and a positive predic-
tor of prolonged LOS (OR 2.971, CI 95% 2.67-3.305, p<.001). Obesity
(OR 0.833, CI 95% 0.8-0.868, p<.001) and smoking (OR 0.867 [0.836—
0.898], p<.001) were negative predictors of routine discharge. Smoking
was also a positive predictor of prolonged LOS (OR 1.184, CI 95% 1.09-
1.287, p<.001).

Female sex was a negative predictor of death, (OR 0.572, CI
95% 0.427-0.767, p<.001) prolonged LOS (OR 0.62, CI 95% 0.902-

1.108, p<.001), and routine discharge (OR 0.885, CI 95% 0.862-0.909,
p<.001, all). White race was a negatively associated with inpatient death
(OR 0.488, CI 95% 0.364-0.655, p<.001) and prolonged LOS (OR 0.512,
CI 95% 0.478-0.548, p<.001), but positively associated with routine
discharge (OR 1.683, CI 95% 1.633-1.733, p<.001).

Q1 median income was a negative predictor of routine discharge
(OR 0.907, CI 95% 0.879-0.935, p<.001) but a positive predictor of
prolonged LOS (OR 1.4, CI 95% 1.304-1.502, p<.001). Medicaid was
a positive predictor of inpatient death (OR 1.896, CI 95% 1.142-3.15,
p=0.013) and prolonged LOS (OR 1.818, CI 95% 1.646-2.007, p<.001)
but a negative predictor of routine discharge (OR 0.707 [0.676-0.741],
p<.001).

Similar patterns were found when examining total charges (US
dollars) accrued over the treatment course. Age, Medicaid sta-
tus, and frailty were all positively associated with increased to-
tal hospital charges (slope=10532.865, CI 95% 9706.632-11359.097;
slope=5442.243, CI 95% 4182.762-6701.724), slope=19878.557, CI
95% 17968.879-21788.235), respectively; p<.001, all). Female sex,
smoking history, white race, and Q1 median income were all associ-
ated with decreased charges (slope=-4931.835, CI 95% -5658.243 to
-4205.427, p<.001; slope = -1549.455, CI 95% -2514.603 to -584.306,
p=-002; slope = -14115.777, CI 95% -14974.462- -13257.091, p<.001;
slope =-1301.362, CI 95% -2159.208 t0-443.516, p=.003, respectively)
(Table 3, Supplementary Table 1).

Discussion

Lower SES status demonstrated consistent associations with more
advanced degenerative spine disease, less favorable outcomes, and in-
creased HRU in our cohort of patients with CS undergoing anterior
surgery. There were also significant disparities across races in terms of
disease severity and incidence of complications. The perseverance of
these trends across, race, SES, and insurance status suggests concerning
disparities that merit attention in the continued effort towards equitable
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Table 3

Health-care resource utilization

North American Spine Society Journal (NASSJ) 14 (2023) 100217

Inpatient death

Routine discharge
OR

Prolonged LOS
OR

OR
Age > 65 4.264 (3.105-5.857)
Female gender 0.572 (0.427-0.767)
Obesity 0.642 (0.378-1.089)
Smoker 0.947 (0.634-1.417)
White race 0.488 (0.364-0.655)
Medicaid 1.896 (1.142-3.15)
Frailty 2.881 (1.88-4.416)

Q1 Median income

1.056 (0.769-1.452)

0.355 (0.345-0.365)
0.885 (0.862-0.909)
0.833 (0.8-0.868)
0.867 (0.836-0.898)
1.683 (1.633-1.733)
0.707 (0.676-0.74)
0.476 (0.45-0.504)
0.907 (0.879-0.935)

1.943 (1.809-2.088)
0.62 (0.58-0.663)

1 (0.902-1.108)
1.184 (1.09-1.287)
0.512 (0.478-0.548)
1.818 (1.646-2.007)
2.971 (2.67-3.305)
1.4 (1.304-1.502)

All bolded values represent significant findings to a standard of <0.05.

distribution of spine care. While the efficacy of surgical treatment for CS
has been well established, the true benefit is difficult to measure when
social factors affect the trajectory of pathology and access to the proce-
dure [22,23].

We found that African American and Hispanic patients displayed ev-
idence of more advanced disease with progressive neurologic dysfunc-
tion. With regards to CS, one study demonstrated that African American
patients routinely endured longer time to diagnosis and treatment of CS
compared to Caucasian patients [24]. Similar trends have been docu-
mented in these populations with regards to other neurological patholo-
gies [23,25]. One study found greater disease severity of multiple scle-
rosis in African Americans, while another study on primary spinal cord
tumors found that African Americans were less likely to receive surgical
intervention for the same diagnosis as non-African American patients
[25,26]. Alosh et al. [27] found an approximately three-fold difference
in incidence of anterior cervical spinal surgeries between white women
and Hispanic women.

Furthermore, our study also found increased rates of complications
and mortality in patients of non-white races who underwent ACDF.
While these differences may be related to the increased preoperative
disease severity, Khan et al. [28] suggests similar findings in African
American patients undergoing spine surgery could be attributed to in-
creased likelihood of being treated at low-volume hospitals with fewer
resources, specialists, and integrated technology. Some studies suggest
such racial disparities reflect deeply ingrained societal and cultural be-
liefs that percolate into and manifest as differences in inter-group expe-
riences with the health-care system [24,29].

SES also appeared to significantly impact the progression of patients’
degenerative disease process, with those in the lowest income quar-
tile often subject to the most debilitating manifestations and the most
damaging medical and financial consequences. CS patients in lower SES
groups may not have access to care until they have progressive symp-
toms. Additionally, while some surgeons may perform ACDF on mildly
symptomatic patients with severe CS based on imaging, patients of lower
SES may be less likely to be subject to imaging that may lead to detec-
tion or to receive early surgery that could slow, minimize, or reverse
the advancement of the disease due to their limited resources or ac-
cess to health care [30]. Studies utilizing the Distressed Community
Index as a measure of SES found SES to be an independent predictor
of postoperative complications, and that risk-stratifying patients based
on SES improved postoperative outcomes and complication rates [31-
33]. Analysis of 10,030 ACDF patients yielded positive associations be-
tween low SES, postoperative complications, and LOS [28]. Increased
rates of complications, longer lengths of stay, and lower rates of rou-
tine discharge may incite a harmful feedback loop as the potential loss
of wages from inability to work may further compromise the SES sta-
tus of those already in an unstable position. Furthermore, the additional
financial burden on those with strained resources has been associated
with a less adherence to systemic therapies and poorer patient outcomes
[34,35].

Relatedly, Medicaid insurance status was associated with increased
total charges and overall healthcare costs. Medicaid’s relationship to
SES imparts similar obstacles such as longer time to diagnoses, in-
creased rates of complications and neuropathies, higher surgical costs,
and longer intensive care unit stays [36-38]. These obstacles may be
the result of differences in referral patterns by providers based on pa-
tient race or geographic aggregation of high-quality hospitals in pre-
dominantly white neighborhoods [39]. The difficulty obtaining preop-
erative and postoperative care may complicate the course of treatment
for ACDF [37]. Any factor that impacts access to routine health care
may contribute to the higher rate of severe disease in patients within
the lower SES. Lastly, one study implicates the financial repercussions
as a source of implicit bias, stating that physicians who treat patients
within the lower SES receive less reimbursement and face a financial
disadvantage due to the higher cost of treatment [31]. This highlights
the ethically complex intersection of accessible, subsidized health care
and provider compensation.

Altogether, it is critical to consider how a patient’s outcome may be
compromised by the multiplicative effects of their identities as part of
multiple at-risk groups. Patients who fall within multiple subgroups as-
sociated with worse outcomes may incur a disproportionately greater
burden. As such, the synergistic effects of the sociodemographic factors
that affect postoperative outcomes should be integrated into risk-based
assessments. For example, African American patients and Hispanic pa-
tients were found to live in the most resource-deprived areas with pre-
dominantly low-volume pituitary surgery hospitals and to be insured
by Medicaid, all factors lending themselves to worse postoperative out-
comes [40]. Our findings validate the layered nature of these barriers,
which may deter patients within any of these populations from actively
pursuing health maintenance measures and from agreeing to interven-
tions.

It has been established that the best operative outcomes are attained
in patients with a history of a year or less — early intervention is key [2].
As such, untimely treatment of patients creates an aging population with
unhampered worsening disease, potentially making them poorer surgi-
cal candidates. In general, older and frail patients were more likely to
experience the more severe manifestations of the disease process and
less able to tolerate the stress induced by ACDF surgeries. Therefore, the
value of preventive neurosurgery becomes paramount not only for opti-
mizing patients’ outcomes but also for minimizing unnecessary health-
care expenditure, as proactive care may curtail the economic burden of
complicated inpatient postoperative recoveries [41]. Risk-based assess-
ments should follow a synergistic model to provide individualized care
within a biopsychosocial model.

Limitations
As is the case with most retrospective studies, it is only possible to

derive correlations between the findings as opposed to definitive causal
relationships. Temporality is difficult to establish, and the NIS does not
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capture the arc of future follow-up interactions for patients. Further-
more, database analyses are subject to inter-hospital variation due to
individual differences in coding and identification of patients It is also
difficult to account for the nuanced subtleties and biases present on
an individual provider level that may contribute to the perceived phe-
nomena. Likely, there are many pre-existing conditions and sociodemo-
graphic factors not captured in our analyses that may amalgamate to
impact patients’ overall health. Also, some variables may serve only as
limited proxies for the metric of interest; for example, median income
based on a patient’s zip code may not completely reflect a patient’s fi-
nancial status. Nonetheless, we believe our analyses captures several
factors of prime importance of which providers should be aware when
considering patients as candidates for ACDF.

Conclusion

Due to the variety of environmental and sociodemographic factors
that influence health, accessibility, and affordability of health care, cer-
tain subpopulations are more likely to benefit optimally from ACDF,
while others may experience a significant delay in care that markedly
impacts their quality of life. Certain populations face a greater risk of
serious adverse outcomes such as sepsis, tracheostomy, and AKI that not
only affect the trajectory of recovery but also greatly increase HRU and
decrease patient quality of life and satisfaction. These disparities call for
active systemic solutions that may increase the equitable distribution of
neurosurgical care and promote early intervention for prevention of dis-
ease progression.
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