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National Trends in Demographics and
Outcomes Following Cervical Fusion
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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 18 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 62 970 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 $92 040 (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.
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cervical spondylotic myelopathy, anterior cervical fusion, posterior cervical fusion, NIS, National Inpatient Sample, trends,
mortality, hospital charges

Introduction

Cervical spondylotic myelopathy (CSM) is the most common

spinal disorder among adults in the United States.1,2 Without

surgical intervention, it is estimated that 20% to 60% of CSM

patients with mild disease will deteriorate.3 Surgical interven-

tion via decompression of the spinal cord is warranted for CSM

when symptoms progress or when patients present with sub-

stantial neurological impairment.3-5

Prior studies have assessed epidemiological trends,6 com-

pared the effectiveness of different surgical approaches,7-21 and

estimated the cost of the surgical management of CSM.22,23 In

2005, an estimated 45 cervical fusions were performed per

100 000 Medicare beneficiaries, and CSM was the most com-

mon diagnosis made prior to these procedures.2 While Wang

et al quantified the rate of cervical fusions overall, it is cur-

rently unknown how national trends in cervical fusion for CSM
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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.6 However, the US popu-

lation is aging, and the incidence of degenerative conditions of

the cervical spine likely increases with age.24,25 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.26 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.27

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.28

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 t 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 a 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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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 $83 930 in 2013, P < .001) and PCF

($72 208 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.6

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,25,29 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 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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documented.2,28,30,31 For example, from 1998 to 2008, Rajaee

et al reported a 114% increase in the number of primary cervi-

cal fusions for all pathologies.30 As the most common disorder

of the cervical spine, the prevalence of CSM is expected to

increase as the US population ages.1,2 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

asked a similar question of data from the previous decade.

Using the NIS, Lad et al analyzed data on 138 792 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 1993-1997.6 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,25,29 more patients are presenting with

signs and symptoms of CSM, as degenerative changes
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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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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 < .01). 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.
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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 < .01.
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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.
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associated with CSM are age-related.24 Second, with growing

numbers of fellowship-trained spine surgeons,32 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.33

Prior studies have reported increasing age and comorbidity

burden of surgical spine patients without worse out-

comes.28,30,32,34-37 Similarly, 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%.6 Lad et al also found a statistically significant decrease

in the average LOS from 4.88 to 3.68 days, while mortality

remained stable.6 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

2009.38 However, hospital charges are not costs, and increases

may reflect changes in reimbursement structures.39 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.40

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.2,22,28 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.7,8,41 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.42 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 35 319 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.43 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.10 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.44 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.32 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.
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