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Abstract
Study Design: Retrospective trends analysis.

Objectives: Cervical fusion is a common adjunctive surgical modality used in the treatment of cervical spondylotic myelopathy
(CSM). The purpose of this study was to quantify national trends in patient demographics, hospital characteristics, and outcomes
in the surgical management of CSM.

Methods: This was a retrospective study that used the National Inpatient Sample. The sample included all patients over |8 years
of age with a diagnosis of CSM who underwent cervical fusion from 2003 to 2013. The outcome measures were in-hospital
mortality, length of stay, and hospital charges. Chi-square tests were performed to compare categorical variables. Independent t
tests were performed to compare continuous variables.

Results: We identified 62970 patients with CSM who underwent cervical fusion from 2003 to 2013. The number of fusions
performed per year in the treatment of CSM increased from 3879 to 8181. The average age of all fusion patients increased from
58.2 to 60.6 years (P < .001). Length of stay did not change significantly from a mean of 3.7 days. In-hospital mortality decreased
from 0.6% to 0.3% (P < .01). Hospital charges increased from $49 445 to $92040 (P < .001).

Conclusions: This study showed a dramatic increase in cervical fusions to treat CSM from 2003 to 2013 concomitant with
increasing age of the patient population. Despite increases in average age and number of comorbidities, length of stay remained
constant and a decrease in mortality was seen across the study period. However, hospital charges increased dramatically.

Keywords
cervical spondylotic myelopathy, anterior cervical fusion, posterior cervical fusion, NIS, National Inpatient Sample, trends,
mortality, hospital charges

Introduction 100000 Medicare beneficiaries, and CSM was the most com-
mon diagnosis made prior to these procedures.” While Wang
et al quantified the rate of cervical fusions overall, it is cur-
rently unknown how national trends in cervical fusion for CSM

Cervical spondylotic myelopathy (CSM) is the most common
spinal disorder among adults in the United States.'* Without
surgical intervention, it is estimated that 20% to 60% of CSM
patients with mild disease will deteriorate.® Surgical interven-
tion via decompression of the spinal cord is warranted for CSM

when symptoms progress or when patients present with sub- ' Cleveland Clinic, Cleveland, OH, USA
stantial neurological impairment.3 - 2 Case Western Reserve University, Cleveland, OH, USA
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specifically evolved over the last decade. The most recent study
of this question used data from 1993 to 2002, where Lad et al
found that there was a 7-fold increase in the number of fusions
performed in the treatment of CSM.® However, the US popu-
lation is aging, and the incidence of degenerative conditions of
the cervical spine likely increases with age.?** Since 2002,
both the incidence of CSM and the number of surgical mod-
alities used to treat CSM would be expected to increase. There-
fore, it is important to quantify the extent to which cervical
fusion is being used to treat CSM, providing an update to the
results published by Lad et al. It is similarly important to doc-
ument the changing demographic and comorbidity profiles of
the surgical CSM population so that patients, surgeons, and
hospital systems can better anticipate surgical volume, the
demographics of CSM patients undergoing cervical fusion, and
associated outcomes.

The present study uses the National Inpatient Sample (NIS)
to quantify trends in anterior and posterior spinal fusions for
patients with CSM. We hypothesized that demographics,
comorbidity burden, insurance status, and hospital charges
associated with cervical fusions for CSM changed significantly
from 2003 to 2013.

Methods

Data Source

This study used the NIS to collect data on CSM patients who
underwent cervical fusion from 2003 to 2013. The name was
changed from the Nationwide Inpatient Sample to the National
Inpatient Sample in 2012, when changes were made to the
sampling strategy of the database. The NIS includes analytical
weights that allow for data to be used simultaneously from both
before (pre-2012) and after (2012-present) the change in sam-
pling strategy.

Data is recorded in the NIS using International Classifica-
tion of Disease, Ninth Revision, Clinical Modification (ICD-9-
CM) codes.?® Patients were identified by the ICD-9-CM
diagnosis code for CSM, 721.1, and procedure codes for index
anterior cervical fusion (ACF) and index posterior cervical
fusion (PCF), 81.02 and 81.03, respectively. Revision proce-
dures were excluded. Other procedures used to treat CSM were
excluded because the focus of this study was on fusion specif-
ically, there is no ICD-9-CM code for anterior-posterior fusion,
and the coding for laminoplasty is not specific. Furthermore,
only subaxial (C2-T1) cervical spinal fusions were included
because of the heterogeneity in underlying etiology for CSM
in the atlantoaxial cervical spine.?’

Study Population

All hospitalized CSM patients of at least 18 years of age who
underwent subaxial cervical fusion were initially included in
this study. Data points included patient demographics (eg, age,
gender, race, comorbidity burden, and primary insurance pro-
vider) and hospital characteristics (eg, hospital size [based on

the number of beds; varies based on hospital region location,
and teaching status], geographic location [Northeast, Midwest,
South, West], and teaching status).

Outcome Definitions

In-hospital mortality, length of stay (LOS), and hospital
charges served as our outcome variables. The NIS gathers data
on in-hospital events; therefore, postdischarge mortality could
not be assessed in the present study. Hospital charges were
adjusted for inflation to 2013 US dollars using the Bureau of
Labor Statistics CPI Inflation Calculator.?®

Statistical Analysis

Absolute values, means, and frequencies for patient demo-
graphics, hospital characteristics, and outcomes were calcu-
lated for each year from 2003 to 2013. Calculations were
done using the sampling weights provided by the NIS to
account for the stratified sampling design of the database. The
sampling weights used were from after the NIS redesign in
2012, which allowed for trends to be studied across the years
before and after the redesign.

Chi-square tests were used to compare categorical variables
(eg, gender, race, comorbidities, insurance status, hospital size,
hospital region, academic institution, and mortality) in 2003
compared to 2013. Independent ¢ tests using the Satterthwaite
method were used to compare continuous variables (eg, age,
LOS, and hospital charges) in 2003 compared to 2013. Analy-
ses were performed using SAS version 9.4. Our « level for
determining statistical significance was set at P < .01. This
study did not require institutional review board approval.

Results

All Fusions

From 2003 to 2013, 62 970 patients with CSM, and who under-
went cervical fusion, were identified. The number of fusions
per year increased from 3879 to 8181. Patient demographics,
hospital characteristics, and outcome data for all patients are
shown in Table 1.

The percentage of fusion patients that were white increased
significantly from 58.4% in 2003 to 71.5% in 2013 (P < .001).
The mean age increased significantly from 58.2 to 60.6 years
(P <.001). The percentage with no comorbidities and 1 comor-
bidity decreased from 34.7% to 18.1% (P <.001) and 30.2% to
24.2% (P < .001), respectively, over the study period. Conver-
sely, the percentage of patients with 2 comorbidities and 3 or
more comorbidities increased from 20.3% to 23.4% (P < .01)
and 14.8% to 34.3% (P < .001), respectively (Figure 1).

Medicare (36.4% to 44.6%, P <.001) and Medicaid (5.1% to
7.0% P < .01) primary payers increased significantly, whereas
private insurance payers (49.4% to 39.6%, P <.001) decreased
significantly from 2003 to 2013 (Table 1 and Figure 2).

Cervical fusions were increasingly performed at smaller
hospitals (6.1% to 13.1%, P < .001, as defined by the NIS).
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Figure 1. Number of comorbidities by percentage for all cervical
spondylotic myelopathy (CSM) patients undergoing cervical fusion.
The trends in the average number of comorbidities by percentage are
shown for all CSM patients undergoing cervical fusion. Data from 2003
was compared to data from 2013 by number of comorbidities to
determine statistically significant changes over time. A “*” denotes
statistical significance with P < .01. A “**” represents statistical sig-
nificance with P < .001.
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Figure 2. Breakdown of insurance status by percentage for all cervical
spondylotic myelopathy (CSM) patients undergoing cervical fusion.
The percentage of CSM patients undergoing cervical fusions are rep-
resented by insurance status. Data from 2003 was compared to data
from 2013 by beneficiary to determine statistically significant changes
over time. A “*’ denotes statistical significance with P < .01. A “*”
represents statistical significance with P < .001.

The majority of procedures were performed in the South
(53.0% in 2003, 43.8% in 2013). There were no statistically
significant changes in medium or large hospital centers or in
geographic regions across the United States (Table 1).
Throughout the study period, LOS remained unchanged,
with a mean of 3.7 days. However, in-hospital mortality rate
following cervical fusion decreased from 0.6% to 0.3%, P <.01
(Table 1). Mean hospital charges increased from $49 445
(adjusted for inflation to 2013 US dollars) to $92 040, P <.001.

Anterior and Posterior Cervical Fusions

Trends in patient demographics, hospital characteristics, and
outcomes were further analyzed according to surgical approach

(ACF [Table 2] and PCF [Table 3]). In 2003, 3226 CSM
patients underwent ACF and 830 patients underwent PCF; in
2013, 6204 patients underwent ACF and 2416 patients under-
went PCF (Figure 3). Trends for ACF and PCF were broadly
similar to the all fusion cohort.

Throughout the study period, PCF patients were older than
ACF patients (P < .01; Figure 4). The average age increased
from 57.4 to 59.6 years (P < .001) for ACF and from 61.8 to
63.3 years (P <.01) for PCF. The trends in comorbidity burden
of ACF and PCF patients mirrored the trends of the all fusions
cohort (Tables 2 and 3).

The proportion of ACF patients with Medicare (33.3% in
2003 to 41.8% in 2013, P <.001) or Medicaid (4.8% in 2003 to
6.7% in 2013, P < .01) increased, whereas the proportion of
ACF patients with private insurance decreased (52.5% to
42.3%, P < .001; Table 2). However, PCF patients with Med-
icare, Medicaid, or private insurance remained constant (Table
3). Finally, ACF was increasingly performed at community
hospitals (6.0% in 2003 to 14.5% in 2013, P < .001); however,
there was not a significant change in the PCF cohort.

LOS remained relatively unchanged following both ACF
and PCF, at a mean of 3.1 days and 6.2 days, respectively.
In-hospital mortality rates declined following both ACF
(0.6% to 0.2%, P < .01) and PCF (1.1% to 0.3%, P < .01;
Figure 5). Inflation-adjusted charges increased for both ACF
($46 804 in 2003 to $83930 in 2013, P < .001) and PCF
($72208 in 2003 to $134 895 in 2013, P < .001; Figure 6).

Discussion

The health care landscape in the United States has evolved
considerably over the past decade, and the present study
describes updated trends in the use of cervical spine fusion to
treat CSM. The NIS is the largest all-payer, nationally repre-
sentative database of hospital discharges in the United States,
rendering the NIS an optimal resource for studying epidemio-
logical trends in CSM management. In our study, we hypothe-
sized that patient demographics would change significantly,
along with comorbidity burden, and hospital charges would
increase over the studied time period.®

To our knowledge, the present study is the first to describe
trends in the use of any surgical modality to treat CSM over
the past decade. Reporting these updated trends could provide
spine surgeons with baseline knowledge of the CSM patient
population treated with cervical fusion. Mirroring the increas-
ing average age of the US population,”>** we found the num-
bers of cervical fusions for CSM increased from 2003 to 2013.
Moreover, average age and number of comorbidities
increased, and smaller hospitals were performing more
fusions. Hospital charges more than doubled over this decade,
while LOS did not change.

All Fusions

The growth in the utilization of surgical procedures to treat
common pathologies of the cervical spine has been well
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Figure 3. Number of cervical fusions performed per year in the
treatment of cervical spondylotic myelopathy (CSM). The number of
fusions performed in the treatment of CSM are stratified by proce-
dure (anterior cervical fusion [ACF] and posterior cervical fusion
[PCF]) from 2003 to 2013.
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Figure 4. Average age of cervical spondylotic myelopathy (CSM)
patients undergoing anterior cervical fusion (ACF) and posterior
cervical fusion (PCF). The trends in the average age of CSM patients
undergoing ACF and PCF are shown. PCF patients were significantly
older than ACF patients (P < .0l). Data from 2003 was compared to
data from 2013 by procedure to determine statistically significant
changes over time. A “*’ denotes statistical significance with P < .01.
A ‘¥’ represents statistical significance with P < .001.

documented.**33%3! For example, from 1998 to 2008, Rajace
et al reported a 114% increase in the number of primary cervi-
cal fusions for all pathologies.® As the most common disorder
of the cervical spine, the prevalence of CSM is expected to
increase as the US population ages.'> The unique symptoma-
tology of CSM compared to other degenerative conditions of
the cervical spine suggests that trends in fusion for CSM should
be studied separately from those of other conditions. Grouping
CSM with other pathologies of the subaxial spine to study
trends in the use of fusion would introduce substantial hetero-
geneity to the study sample and would therefore limit the gen-
eralizability of the results. Furthermore, prior studies have

Figure 5. Trends in in-hospital mortality following anterior cervical
fusion (ACF) and posterior cervical fusion (PCF) in the treatment of
cervical spondylotic myelopathy (CSM). Declining trends in in-hospital
mortality percentage are shown for ACF and PCF. Data from 2003
wascompared to data from 2013 by procedure to determine statis-
tically significant changes over time. A “*” denotes statistical signifi-
cance with P < .0l.
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Figure 6. Trends in hospital charges for cervical fusions in the
treatment of cervical spondylotic myelopathy (CSM). Trends in the
average hospital charges for anterior cervical fusion (ACF) and pos-
terior cervical fusion (PCF) performed in the treatment of CSM are
shown. Charge data from 2003 was compared to data from 2013 by
procedure to determine statistically significant changes over time. A
“**” represents statistical significance with P <.001.

asked a similar question of data from the previous decade.
Using the NIS, Lad et al analyzed data on 138792 patients
admitted with a diagnosis of CSM from 1993 to 2002 to study
epidemiological trends in the surgical management of CSM.
The authors found a 7-fold increase in the number of cervical
fusions performed in the management of CSM when compar-
ing the years 1998-2002 and 1993-1997.° Similarly, we found
that the number of fusions per year increased from 3879 in
2003 to 8181 in 2013, a 210.9% increase. In contrast to Lad
et al, we examined each year in the study period individually.

The drivers of the growth in the number of cervical fusions
to treat CSM are likely multifactorial. First, as the US popula-
tion continues to age,”*’ more patients are presenting with
signs and symptoms of CSM, as degenerative changes
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associated with CSM are age-related.>* Second, with growing
numbers of fellowship-trained spine surgeons,’” it is possible to
increase the volume of cervical fusion in a given year. Finally,
advances in surgical instrumentation in recent decades have
made preforming fusions easier and safer and have allowed for
a great number of patients to undergo cervical fusions in the
treatment of CSM earlier in the course of their disease.*®

Prior studies have reported increasing age and comorbidity
burden of surgical spine patients without worse out-
comes.”®?*33%37 Qimilarly, Lad et al found the majority of
CSM patients receiving surgery were 45 to 64 years old (49%
from 1993 to 1997 and 53% from 1998 to 2002) and the num-
ber of patients with 3 comorbidities increased from 5.7% to
17.9%.° Lad et al also found a statistically significant decrease
in the average LOS from 4.88 to 3.68 days, while mortality
remained stable.® We found similar demographic trends of
increasing age and increasing average comorbidity burden. In
contrast to Lad et al, we found LOS remained stable at a mean
of 3.7 days and mortality decreased from 0.6% to 0.3%. The
discrepancy in mortality rates might be due to improvements in
surgical and anesthetic techniques in the last decade.

The trend of increasing hospital charges can likely be attrib-
uted to the CSM population growing older and presenting with
greater comorbidity burdens. Charges are trending upward
throughout the health care system. For example, Alosh et al
found that yearly charges for cervical spine procedures
increased from $1.62 billion in 2000 to $5.63 billion in
2009.%® However, hospital charges are not costs, and increases
may reflect changes in reimbursement structures.>” The
increasing age and comorbidity burden may also explain, in
part, the significant increases we observed in the share of
patients with Medicare (36.4% to 44.6%, P < .001) and Med-
icaid (5.1% to 7.0% P < .01) as primary payers, which broadly
reflect national trends in Medicare and Medicaid enrollment.*’
Further studies are warranted to determine whether specific
patient and hospital characteristics are associated with the
increase in hospital charges demonstrated by the present study
and to determine why charges are trending upward given
unchanging LOS.

ACF and PCF

In the present study, more patients underwent ACF than PCF.
However, there were increases in both procedures in the treat-
ment of CSM. Prior studies have observed similar trends in
surgical approaches.?***® Broadly, we found the trends seen
in all cervical fusions held true for ACF and PCF. The ACF
and PCF cohorts grew older and presented with a greater
comorbidity burden over time, while outcomes improved and
charges increased.

Prior studies have argued which procedure, ACF or PCF, is
more efficacious.”®*! Historically, younger, healthier
patients with single-level disease are more likely to undergo
ACF, while older patients with more comorbidities and multi-
level disease are more likely to undergo PCF.** The present
study found that PCF patients had higher rates of in-hospital

mortality and longer LOS compared to ACF patients. How-
ever, PCF patients were older and had a great comorbidity
burden, on average.

Our data suggests worse outcomes associated with PCF may
be related to patient demographics. This explanation is consis-
tent with the findings of Jalai et al, who used NIS data from
2001 to 2010 to compare outcomes of 35319 CSM patients
who underwent cervical fusions by age. The authors found
older patients had greater comorbidity risk, higher rates of
complications, longer LOS, and greater odds of mortality,
while charges for their procedures were greater.*® Similarly,
Fehlings et al prospectively studied 278 CSM fusion patients
from 12 sites in North America and concluded there was no
significant difference in the efficacy of ACF or PCF after con-
trolling for patient characteristics and disease severity.'® In the
context of prior studies, our results suggest that updated studies
comparing ACF to PCF in the management of CSM are war-
ranted, as drawing direct comparisons between the two is out of
the scope of this study.

Limitations

There are several limitations to be considered when interpret-
ing the results of this study. First, due to the nature of the NIS,
all of the collected data come from inpatients. There is no
follow-up after discharge and only in-hospital outcomes can
be included. Therefore, we were unable to measure several
important outcomes following cervical fusion for CSM includ-
ing long-term clinical outcomes. We were also unable to cap-
ture trends among patients undergoing outpatient surgery for
CSM, which may underrepresent the anterior fusion data spe-
cifically. Finally, we were unable to report on trends in the
diagnosis of CSM over the study period.

Next, the NIS uses ICD-9-CM codes that are assigned for all
diagnoses and procedures. As such, information can be mis-
coded in or excluded from the NIS database. Quantity and
quality of information in patient charts, communication
between physician and patient, physician and coder experience,
and coding errors can all lead to improper records or missing
information.** Finally, trends in population-based data cannot
be attributed or applied to individual patients.

Despite these limitations, the NIS has frequently been used
in studies of trends in spinal surgery.6’30’32’34’36'38’45 The data-
base is well suited to the study of epidemiological health care
trends, due to the diverse sampling of hospitals.*® Despite the
redesign of the NIS in 2012, using the sampling weights
included in the NIS allowed us to study trends from both before
and after 2012. The NIS data allowed us to conduct a study in
which trends in patient demographics, hospital characteristics,
and outcomes in the surgical management of CSM could be
examined in a comprehensive manner.

Conclusions

From 2003 to 2013, an increasing number of anterior and pos-
terior cervical fusions were performed to treat CSM. Although
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patients undergoing these procedures were older and presented
with a greater comorbidity burden over time, length of hos-
pital stay remained constant and in-hospital mortality
decreased. In contrast, hospital charges increased dramati-
cally. These results can inform spine surgeons about the broad
trends of the CSM patient population undergoing cervical
fusion, as well as the associated hospital characteristics and
surgical outcomes. Further studies are warranted to explain
the observed trends and draw causative relationships in the
surgical management of CSM.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported in part by the following grants: T32 GM007250, TL1
RR024991, TL1 TR000441, 1F30HL132433-01A1.

References

1. Iyer A, Azad TD, Tharin S. Cervical spondylotic myelopathy.
Clin Spine Surg. 2016;29:408-414.

2. Wang MC, Kreuter W, Wolfla CE, Maiman DJ, Deyo RA. Trends
and variations in cervical spine surgery in the United States:
Medicare beneficiaries, 1992 to 2005. Spine (Phila Pa 1976).
2009;34:955-961.

3. Lebl DR, Bono CM. Update on the diagnosis and management of
cervical spondylotic myelopathy. J Am Acad Orthop Surg. 2015;
23:648-660.

4. Sheikh Taha AM, Shue J, Lebl D, Girardi F. Considerations for
prophylactic surgery in asymptomatic severe cervical stenosis:
review article. HSS J. 2015;11:31-35.

5. Rao RD, Gourab K, David KS. Operative treatment of cervical
spondylotic myelopathy. J Bone Joint Surg Am. 2006;88:
1619-1640.

6. Lad SP, Patil CG, Berta S, Santarelli JG, Ho C, Boakye M.
National trends in spinal fusion for cervical spondylotic myelo-
pathy. Surg Neurol. 2009;71:66-69.

7. Alvin MD, Lubelski D, Benzel EC, Mroz TE. Ventral fusion
versus dorsal fusion: determining the optimal treatment for cervi-
cal spondylotic myelopathy. Neurosurg Focus. 2013;35:ES.

8. Ghogawala Z, Martin B, Benzel EC, et al. Comparative effective-
ness of ventral vs dorsal surgery for cervical spondylotic myelo-
pathy. Neurosurgery. 2011;68:622-630.

9. Memtsoudis SG, Hughes A, Ma Y, Chiu YL, Sama AA, Girardi
FP. Increased in-hospital complications after primary posterior
versus primary anterior cervical fusion. Clin Orthop Relat Res.
2011;469:649-657.

10. Fehlings MG, Barry S, Kopjar B, et al. Anterior versus posterior
surgical approaches to treat cervical spondylotic myelopathy: out-
comes of the prospective multicenter AOSpine North America
CSM study in 264 patients. Spine (Phila Pa 1976). 2013;38:
2247-2252.

11.

12.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

Cunningham MRA, Hershman S, Bendo J. Systematic review of
cohort studies comparing surgical treatments for cervical spondy-
lotic myelopathy. Spine (Phila Pa 1976). 2010;35:537-543.
Lawrence BD, Jacobs WB, Norvell DC, Hermsmeyer JT, Chap-
man JR, Brodke DS. Anterior versus posterior approach for treat-
ment of cervical spondylotic myelopathy: a systematic review.
Spine (Phila Pa 1976). 2013;38(22 suppl 1):S173-S182.

. Sun Y, Li L, Zhao J, Gu R. Comparison between anterior

approaches and posterior approaches for the treatment of
multilevel cervical spondylotic myelopathy: a meta-analysis.
Clin Neurol Neurosurg. 2015;134:28-36.

Tannous O, Jazini E, Ludwig SC. Anterior surgical treatment for
cervical spondylotic myelopathy. Semin Spine Surg. 2014;26:
73-80.

Woods BI, Hohl J, Lee J, Donaldson W, Kang J. Laminoplasty
versus laminectomy and fusion for multilevel cervical spondylo-
tic myelopathy. Clin Orthop Relat Res. 2011;469:688-695.

. Liu Y, Hou Y, Yang L, et al. Comparison of 3 reconstructive

techniques in the surgical management of multilevel cervical
spondylotic myelopathy. Spine (Phila Pa 1976). 2012;37:
E1450-E1458.

Hirai T, Okawa A, Arai Y, et al. Middle-term results of a pro-
spective comparative study of anterior decompression with fusion
and posterior decompression with laminoplasty for the treatment
of cervical spondylotic myelopathy. Spine (Phila Pa 1976).2011;
36:1940-1947.

Luo J, Cao K, Huang S, et al. Comparison of anterior approach
versus posterior approach for the treatment of multilevel cervical
spondylotic myelopathy. Eur Spine J. 2015;24:1621-1630.

. Mummaneni PV, Kaiser MG, Matz PG, et al. Cervical surgical

techniques for the treatment of cervical spondylotic myelopathy. J
Neurosurg Spine. 2009;11:130-41.

Liu JM, Peng HW, Liu ZL, Long XH, Yu YQ, Huang SH. Hybrid
decompression technique versus anterior cervical corpectomy and
fusion for treating multilevel cervical spondylotic myelopathy:
which one is better? World Neurosurg. 2015;84:2022-2029.
Shamji MF, Massicotte EM, Traynelis VC, Norvell DC, Herms-
meyer JT, Fehlings MG. Comparison of anterior surgical options
for the treatment of multilevel cervical spondylotic myelopathy: a
systematic review. Spine (Phila Pa 1976). 2013;38(22 suppl 1):
S195-S209.

Veeravagu A, Connolly ID, Lamsam L, et al. Surgical outcomes
of cervical spondylotic myelopathy: an analysis of a national,
administrative, longitudinal database. Neurosurg Focus. 2016;
40:E11.

Whitmore RG, Schwartz JS, Simmons S, Stein SC, Ghogawala Z.
Performing a cost analysis in spine outcomes research. Neurosur-
gery. 2012;70:860-867.

Lebl DR, Hughes A, Cammisa FP Jr, O’Leary PF. Cervical
spondylotic myelopathy: pathophysiology, clinical presentation,
and treatment. HSS J. 2011;7:170-178.

Ortman JM, Velkoff VA, Hogan H. An Aging Nation: The Older
Population in the United States (Current Population Reports).
Washington, DC: US Census Bureau; 2014.

Mehrotra A, Forrest CB, Lin CY. Dropping the Baton: specialty
referrals in the United States. Milbank Q. 2011;89:39-68.



Vonck et al

253

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tanenbaum JE, Lubelski D, Rosenbaum BP, Thompson NR, Ben-
zel EC, Mroz TE. Predictors of outcomes and hospital charges
following atlantoaxial fusion. Spine J. 2016;16:608-618.
Marquez-Lara A, Nandyala SV, Fineberg SJ, Singh K. Current
trends in demographics, practice, and in-hospital outcomes in
cervical spine surgery: a national database analysis between
2002 and 2011. Spine (Phila Pa 1976). 2014;39:476-481.

US Bureau of the Census. Aging in the United States: Past, Pres-
ent, and Future. Washington, DC: US Bureau of the Census.
https://www.census.gov/population/international/files/97agewc.
pdf. Accessed July 7, 2017.

Rajaee SS, Bae HW, Kanim LE, Delamarter RB. Spinal fusion in
the United States: analysis of trends from 1998 to 2008. Spine
(Phila Pa 1976). 2012;37:67-76.

Davis H. Increasing rates of cervical and lumbar spine surgery in
the United States, 1979-1990. Spine (Phila Pa 1976). 1994;19:
1117-1123.

Oglesby M, Fineberg SJ, Patel AA, Pelton MA, Singh K. Epide-
miological trends in cervical spine surgery for degenerative dis-
eases between 2002 and 2009. Spine (Phila Pa 1976). 2013;38:
1226-1232.

Omeis I, Demattia JA, Hillard VH, Murali R, Das K. History of
instrumentation for stabilization of the subaxial cervical spine.
Neurosurg Focus. 2004;16:E10.

Bae HW, Rajace SS, Kanim LE. Nationwide trends in the surgical
management of lumbar spinal stenosis. Spine (Phila Pa 1976).
2013;38:916-926.

Alosh H, Riley LH, Skolasky RL. Insurance status, geography,
race, and ethnicity as predictors of anterior cervical spine surgery
rates and in-hospital mortality an examination of United States
trends from 1992 to 2005. Spine (Phila Pa 1976). 2009;34:
1956-1962.

Marawar S, Girardi FP, Sama AA, et al. National trends in ante-
rior cervical fusion procedures. Spine (Phila Pa 1976). 2010;35:
1454-1459.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Patil PG, Turner DA, Pietrobon R. National trends in surgical
procedures for degenerative cervical spine disease: 1990-2000.
Neurosurgery. 2005;57:753-758.

Alosh H, Li D, Riley LH, Skolasky RL. Health care burden of
anterior cervical spine surgery: national trends in hospital charges
and length of stay, 2000-2009. J Spinal Disord Tech. 2015;28:
5-11.

Skolasky RL, Riley LH 3rd. Medicare charges and payments for
cervical spine surgery: association with hospital characteristics.
Spine (Phila Pa 1976). 2015;40:E936-E942.

CMS.gov, Centers for Medicare & Medicaid Services. Medicare
& Medicaid Statistical Supplement. 2013 Edition. https:/www.
cms.gov/Research-Statistics-Data-and-Systems/Statistics-
Trends-and-Reports/Archives/MMSS/2013.html. Published
2014. Accessed July 11, 2017.

Tanenbaum JE, Lubelski D, Rosenbaum BP, Benzel EC, Mroz
TE. Propensity-matched analysis of outcomes and hospital
charges for anterior versus posterior cervical fusion for cervical
spondylotic myelopathy [published online June 27, 2016]. Clin
Spine Surg. doi:10.1097/BSD.0000000000000402.

Shamji MF, Cook C, Pietrobon R, Tackett S, Brown C, Isaacs RE.
Impact of surgical approach on complications and resource utili-
zation of cervical spine fusion: a nationwide perspective to the
surgical treatment of diffuse cervical spondylosis. Spine J. 2009;
9:31-38.

Jalai CM, Worley N, Marascalchi BJ, et al. The impact of
advanced age on peri-operative outcomes in the surgical treat-
ment of cervical spondylotic myelopathy. Spine (Phila Pa 1976).
2016;41:E139-E147.

O’Malley KJ, Cook KF, Price MD, Wildes KR, Hurdle JF, Ashton
CM. Measuring diagnoses: ICD code accuracy. Health Serv Res.
2005;40:1620-1639.

Deyo RA, Gray DT, Kreuter W, Mirza S, Martin BI. United States
trends in lumbar fusion surgery for degenerative conditions. Spine
(Phila Pa 1976). 2005;30:1441-1445.


https://www.census.gov/population/international/files/97agewc.pdf
https://www.census.gov/population/international/files/97agewc.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Archives/MMSS/2013.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Archives/MMSS/2013.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Archives/MMSS/2013.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


