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Trends in Lumbar Fusion Surgery Among
Octogenarians: A Nationwide Inpatient
Sample Study From 2004 to 2013

Stephanie T. Kha, BS1,2 , Haariss Ilyas, MD1, Joseph E. Tanenbaum, BA1,2,
Edward C. Benzel, MD1, Michael P. Steinmetz, MD1, and Thomas E. Mroz, MD1

Abstract

Study Design: Retrospective analysis.

Objectives: Given the aging US population and natural degenerative process of the spine, more elderly patients with lumbar
spinal disease are surgical candidates. Prior studies have assessed safety and efficacy of lumbar fusion (LF) surgeries in the elderly,
but none have reviewed fusion procedures from an epidemiological standpoint. Here, we report 2004-2013 national trends in
demographics, discharge time, and economic impact of LF procedures for octogenarians.

Methods: The Nationwide Inpatient Sample database was queried from 2004 to 2013 for LF procedures in patients aged 80 to 89
years. Patients were grouped by fusion level, demographics, comorbidity score, insurance, and hospital characteristics. Post-
operative variables include length of stay and total in-hospital charges. Data was evaluated using chi-squared tests and t tests.

Results: The national sample included 17 471 LF procedures (mean age¼ 82.65 years). From 2004 to 2013, the annual number of
LF procedures increased from 1144 to 2061 patients. Percentage of multilevel LF was relatively maintained (mean ¼ 18%). The
majority of patients were female (mean ¼ 62%). The proportion of males increased during the study period (31.8% to 42.5%; P <
.0001). The proportion of patients with a comorbidity score of 2 or 3 increased during the study period (P < .0001). Over time,
average length of stay decreased (from 6 to 4.5 days; P < .0001), and total in-hospital charges increased (from $58 471 to $111 235;
P < .0001).

Conclusions: These results suggest that more lumbar fusion procedures are being performed on octogenarians in recent years.
While these patients are discharged from hospitals more quickly after surgery, there is also greater financial burden placed on
patients, hospitals, and society.
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Introduction

Octogenarians (age 80-89 years) comprised 2.8% of the total

US population in 2000 and increased to 3.1% of the population

in 2010, a 21% increase between 2000 and 2010.1 As the pop-

ulation ages, the prevalence of octogenarians presenting with

debilitating degenerative conditions that may require spinal

surgery is also expected to increase.2-5 Several studies have

demonstrated an increase in lumbar surgical intervention

(decompression and/or fusion) in the broadly termed elderly

population over the past 20 years.2,3,6-8 Other studies have

investigated safety and efficacy of lumbar spine surgery in this

age group, with results showing both benefits9-13 and risks.14

However, no prior study has specifically identified national

trends in the use of lumbar fusion surgery for the octogenarian

population, with respect to demographics, discharge time, and

economic impact.
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Advanced age may be a concern among patients and sur-

geons during the preoperative decision-making process.

Elderly patients frequently present with more comorbidities

than their younger counterparts. Prior studies have shown

higher comorbidity scores to be associated with higher rates

of mortality and perioperative complications following spinal

surgery.2,15,16 Furthermore, polypharmacy is common in the

elderly population and is a known risk factor for increased risk

of mortality.17 Therefore, examining trends in patient charac-

teristics, surgical complexity, and postoperative outcomes in

this age group can alter current clinical practice and provide

insight into changes in clinical decisions over time.

There is increasing demand for lumbar fusion surgery by

older and more medically complex patients. The purpose of this

study is to identify trends in the use of lumbar fusion surgery

among octogenarians in the United States over the past decade,

with regard to extent of the surgery (single vs multilevel),

patient and hospital demographics, comorbidity status, length

of in-hospital stay, and total hospitalization charges. We

hypothesize that there was an increase in the annual number

of lumbar fusion procedures performed from 2004 to 2013 on

octogenarian patients.

Methods

Data Source

This study used the National Inpatient Sample (NIS), which is a

deidentified database and therefore deemed exempt from our

institutional review board. The NIS was used to collect data on

octogenarian patients (aged 80-89 years) who underwent lum-

bar fusion from 2004 to 2013. The name of the database 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. However, the NIS includes

analytical weights that allow for data to be used simultaneously

from both before (pre-2012) and after (2012 to present) the

change in sampling strategy.

The NIS records data using International Classification of

Disease, Ninth Revision, Clinical Modification (ICD-9-CM)

codes.18-20 Patients were identified by the ICD-9-CM proce-

dure codes for primary lumbar fusion (81.04, 81.05, 81.06,

81.07, 81.08). Revision procedures were excluded.

Study Population

All octogenarian patients who underwent lumbar fusion were

included in this study to understand the trends in the use of

lumbar fusion among this patient population. Data points

included patient demographics (eg, age, gender, race, comor-

bidity burden, and primary insurance provider) and hospital

characteristics (eg, hospital size, geographic location, and

teaching status). In the United States, the medical insurance

system is divided into private and public insurance providers.

Patients who have private health care insurance purchase an

insurance plan from a private sector company. Public health

care insurance is funded by the national government, and these

insurance programs are called Medicare and Medicaid. Medi-

care provides health care insurance coverage to elderly indi-

viduals older than 65 years as well as to individuals with certain

disabilities. Medicaid provides health care insurance coverage

to individuals earning an income below the federal poverty

threshold line that is established by the national government.

Outcome Definitions

The outcome variables measured over time in this study were

in-hospital mortality, length of stay (LOS), and hospital

charges. The NIS only includes data on in-hospital events;

therefore, postdischarge mortality and postdischarge complica-

tions could not be assessed in the present study. All hospital

charges were adjusted for inflation to 2013 US dollars using the

Bureau of Labor Statistics CPI Inflation Calculator.21

Statistical Analysis

Absolute values, means, and frequencies for patient demo-

graphics, hospital characteristics, and outcomes were calcu-

lated for each year from 2004 to 2013. All calculations were

done using the sampling weights included in the NIS to account

for the complex survey 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.

Categorical variables (eg, gender, race, comorbidities,

insurance status, hospital size, hospital region, academic insti-

tution, and mortality) were compared from 2004 to 2013 using

chi-squared tests. Independent t tests using the Satterthwaite

method were used to compare continuous variables (eg, age,

LOS, and hospital charges) from 2004 to 2013. All analyses

were performed using SAS version 9.4. The alpha level for

determining statistical significance was set at P < .01.

Results

Among the octogenarian population (age range 80-89 years), a

total of 17 471 lumbar fusions were recorded from 2004 to

2013, and the mean age was 82.6 years, as shown in Table 1.

The annual number of lumbar fusion procedures in this popu-

lation increased from 1144 to 2061 procedures. The percentage

of multilevel lumbar fusions remained relatively constant over

time (mean 18%). Overall, the majority of patients were female

(mean 62%), and the proportion of females significantly

decreased during the study period (68.2% to 57.5%; P <

.0001). There was a statistically significant increase in the

proportion of patients who identified as “white” (70.5% to

84.4%, P < .0001) and “other” (3.9% to 7.8%, P ¼ .0009);

there was also an increase, although not statistically significant,

in the proportion of patients identifying as “black” (1.5% to

2.3%, P ¼ .11). The proportion of patients with at least 2 or 3

comorbidities at the time of surgery increased significantly

during the study period (P < .0001). Meanwhile, the proportion
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of patients with fewer than 2 comorbidities at the time of sur-

gery did not exhibit a statistically significant change over this

time period.

The majority of patients (mean 94.1%) had Medicare as

their primary insurer; the remaining patients were covered

under private insurance (mean 4.6%), Medicaid insurance

(mean 0.3%), or were uninsured (mean 0.3%). There were no

statistically significant changes in insurance coverage noted

over the time period. There were no statistically significant

changes observed over the study period in the proportion of

academic hospitals, hospital size (small, medium, and large), or

hospital region (Northeast, South, Midwest, and West).

The immediate postoperative mortality varied between

0.2% and 1% over the 10-year period and the change was not

statistically significant. Mean length of stay decreased over

time (from 6 to 4.5 days; P < .0001). Total in-hospital,

inflation-adjusted charges increased significantly during the

study period ($58 471 to $111 235; P < .0001).

Discussion

Several studies have recently outlined trends of operative inter-

vention for lumbar degeneration in the broadly defined elderly

population over the past 20 years.2,3,6-8 However, these studies

often analyze the entire geriatric population as a whole and/or

include all operative interventions, regardless of invasiveness.

This is the first study to assess trends in lumbar fusion in the

octogenarian population. Given the aging population in the

United States, octogenarians with lumbar spinal pathologies

represent a unique challenge to spine surgeons. The importance

of fusion in the elderly patient with an unstable spine has been

well documented22,23; however, it is currently unknown how

surgeons have responded to the potential increase in demand in

the surgical management of spinal pathology among the octo-

genarian population.

Rates of Fusion and Patient Demographics

In the past 2 decades, there have been documented trends of

increased operative intervention and increased complexity of

surgery offered to the geriatric population in the United

States3,7 and abroad.6 In an NIS analysis, Deyo et al3 found

that the rate of lumbar fusion surgery increased more than

220% between 1990 and 2001, with the most rapid rate of

increase occurring among patients aged 60 years and older.

In a later study of 32 000 Medicare patients, Deyo et al7 found

that between 2002 and 2007, the frequency of complex fusions

(>2 levels or combined anterior/posterior fusion) increased 15-

fold (1.3 to 19.9 per 100 000), while the frequency of isolated

decompressions and simple fusions (1-2 levels) decreased

(approximately 104 to 90 per 100 000 and 35 to 25 per

100 000; respectively). Similarly, in a 15-year time-series study

in England, Sivasubramaniam et al6 found a 2.8-fold increase

of operative intervention in patients aged 60 to 74 and �75

years old, from 32.54 to 89.95 and from 24.89 to 70, per

100,000, respectively. In our study, we found a statistically

significant increase in the total number of fusions performed

on the octogenarian population, from 1114 procedures in 2004

to 2061 procedures in 2013. Many factors may have contrib-

uted to this increase, including improvements in technical

experience and quality of implants, as well as increased pres-

ence and influence from the biotechnology industry. We sug-

gest to readers and surgeons alike that when evaluating a

patient’s surgical candidacy, it is important to consider overall

health status, individual anatomy, any comorbidities, medica-

tion list, insurance coverage, social support, and activities of

daily living. Interestingly, although the annual number of

fusion procedures increased over the study period, the percent-

age of multi-level fusions remained constant (mean 18%).

Given the observed trajectory, we expect the overall number

of lumbar spine surgeries in the octogenarian population to

continue to rise in the future.

Regarding epidemiological trends, the predominance of the

white population in our study is consistent with national demo-

graphic proportions based on recent 2016 Census Bureau pop-

ulation estimates: 77% white and 13% black. However, this

white predominance among the octogenarian population may

also reflect sociological issues in the United States, such as

differences in access to health care, cultural influences in

selecting surgical management, and racial differences in life

expectancy. For example, current literature demonstrates a life

expectancy gap between black and white individuals in the

United States, with the average life expectancy of black indi-

viduals being 4 years less than that of white individuals.24,25

Comorbidity Status and Length of Stay

We observed a trend toward an increased number of operations

offered to patients with 2 or 3 comorbidities (P < .0001), while

the average length of stay decreased from 6.01 to 4.46 days

(P < .0001). This finding is particularly interesting because

it may suggest that although higher risk patients undergo sur-

gery, they may experience fewer postoperative complications

during the inpatient episode. It may also imply that centers are

evolving to streamline acute postoperative care. In the current

climate of health care policy and finance that discourages

hospital readmissions, a future study is warranted to better

understand whether the reduced length of stay among octogen-

arians has been associated with a change in readmission rates

for this population.

Postoperative Outcomes and Complications

While there exists limited data on postoperative outcomes and

clinical function following specifically lumbar fusion surgery

in the octogenarian population, several studies have looked at

postoperative outcomes following various lumbar spine proce-

dures in this age group.9-13 Nie et al9 found no difference in

post-operative complications between a cohort of 64 octogen-

arians compared to patients between 40 and 60 years of age

after undergoing discectomy. Nie et al9 reported that both

groups experienced significantly improved outcomes with
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regard to the visual analog scale (VAS) and Oswestry Disabil-

ity Index (ODI) scores. Furthermore, Nie et al9 found no dif-

ference in score improvement between the age groups, thus

concluding that discectomy was clinically just as successful

in octogenarians compared with younger cohorts. Similar

results were found in an as-treated analysis of patients in the

Spine Patient Outcomes Research Trial (SPORT).10 In this

analysis, Rihn et al10 found that the octogenarian cohort main-

tained statistically equal physical function and ODI improve-

ments relative with their younger counterparts, despite having

increased comorbidities and undergoing a significantly greater

proportion of multilevel laminectomies. In the study by Rihn

et al,10 only 8.6% (n ¼ 5) of the octogenarians underwent

instrumented fusion, hence limiting further subgroup analysis

for a fusion-only cohort. The clinical success of lumbar decom-

pression surgery in the octogenarian population has been fur-

ther established in studies by Giannadakis et al,11 Galiano

et al,12 and Shabat et al.13 However, it is important to note that

these studies address lumbar decompression, but do not address

the viability of fusion, which highlights the need to better

understand the role of lumbar fusion in the octogenarian pop-

ulation from both a clinical and operative standpoint.

With regard to postoperative complications, a Medicare

database study by Puvanesarajah et al26 looked at patients older

than 80 years (n¼ 12 187) who underwent 1- or 2-level lumbar

fusion surgery, and these patients were found to have signifi-

cantly increased risk of at least 1 major complication (13.87%
vs 9.52%; P < .0001) and an increase in 90-day mortality rate

(0.3% vs 0.09%; P < .0001) compared with those aged 65 to 79

years (n ¼ 72 547). Furthermore, Puvanesarajah et al26 demon-

strated that the octogenarian population had a significantly

greater mean number of comorbidities relative to younger

cohorts, and at 1 year postoperatively, octogenarians were

found to have 2.6 times increased odds of mortality. Regarding

readmission rates, Deyo et al7 reported that readmission rates

among the elderly population (age >65 years) undergoing lum-

bar spinal surgeries increased based on the complexity of the

surgery, from 7.8% for lumbar decompressions to 13% for

complex lumbar fusions. Balabaud et al14 performed a retro-

spective review of 121 patients aged 80 years or older who

underwent lumbar decompression with or without fusion, and

found significantly increased estimated blood loss and

increased rates of dural tears and delirium associated with those

patients who underwent fusion. Interestingly, Balabaud et al14

did not find associations of increased rates of mortality or

complications—a result that conflicts with other studies in the

literature.27-29 In our study, we observed rates of mortality

during hospitalization varying from 0.2% to 1.0% over the

10-year period, with no statistically significant trend from

2004 to 2013. The observed range of rates are consistent with

values cited in the literature on mortality rates following lum-

bar procedures in the elderly population—Oldridge et al30

(0.52%), Silvers et al31 (0.8%), Deyo et al32 (0.6%), and Li

et al33 (0.15%-1.4%). This finding suggests that despite rela-

tively higher mortality rates in the elderly population compared

with the younger population,32 there is strong desire for older

patients with symptomatic or progressive degenerative condi-

tions to preserve a good quality of life through surgical inter-

vention, and spine surgeons are more willing to operate on

patients with advanced age, given that the risks of surgery are

thoroughly discussed and are acceptable to the patients and to

the surgeon alike. With regard to multilevel lumbar fusion, a

complex and often strenuous procedure with high potential for

complications,34 advanced age alone does not seem to be a

contraindication for surgery.

Total Hospitalization Charges

With regard to hospitalization charges, our study found a con-

sistent increase in the mean total charges from $58 471 to

$111 235 between 2004 and 2013 (P < .0001). The total charges

were adjusted for inflation over the specified time period. In a

Medicare cohort analysis between 2002 and 2007, Deyo et al7

found adjusted mean hospital charges of $80 888 for complex

fusions and $58 511 for simple fusions, both of which were

significantly higher than the cost for decompression alone

($23 724). In a separate review of 1672 Medicare claims

between 2005 and 2009, Ong et al35 found the overall average

payment for health care for patients who underwent lumbar

spinal fusion to be $36 230 at 3 months, $46 840 at 1 year, and

$61 610 at 2 years. Although it may be difficult to correlate

hospital charges among different studies due to differences in

charges, costs, and payment structure, our study clearly demon-

strates an increase in the total charges for lumbar fusions in the

octogenarian population. We hypothesize that this finding is

multifactorial but may in part be attributable to increased med-

ical resource use associated with treating frail and more medi-

cally complex and comorbid patients—a trend that we have

recognized in this period.

Limitations

Our study does present itself with several limitations. Although

large databases provide access to a heterogeneous population,

utility is limited by inaccuracies or inconsistency in coding and

lack of operative detail. Spine surgeons may use a range of

clinical information to define spinal instability, which may not

be reflected through the use of standardized ICD-9 diagnostic

codes, and details on symptomology cannot be captured by

ICD-9 diagnostic codes. A study by Golorgorsky et al36

demonstrates that within the NIS database, the ICD-9 codes

may not accurately reflect the surgeon’s indication for primary

fusion. In our study, we did not stratify our lumbar fusion

population based on primary ICD-9 diagnostic code; however,

a future study is warranted to assess trends in the octogenarian

population on indications for lumbar fusion—that is, lumbar

spinal stenosis, spinal deformity, traumatic instability, iatro-

genic instability, and so on.37

Furthermore, the NIS database does not report on operative

variables such as anesthesia type, length of surgery, or blood

loss—all of which are important measures to consider in order

to obtain a more complete picture of surgical trends in the
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elderly population.38 Additionally, recording of immediate

postoperative complications into this large database may be

inconsistently documented across multiple institutions, and

longitudinal follow-up to monitor for postdischarge adverse

outcomes are not recorded. Regional variances in coding and

billing practices also cannot be accounted for. Despite the lim-

itations in utility of the NIS administrative database, this

resource comprises a nationally representative sample of

patients in the United States,39 and is a valuable tool for inves-

tigating population-based trends in spine surgery with regard to

patient demographics, postoperative course and outcomes, and

total hospitalization charges.

Conclusion

This study found a significant increase in the number of lumbar

fusions performed annually among octogenarians. Notably, the

average charges for lumbar fusion procedures increased sub-

stantially during this era, while the average length of hospital

stay significantly decreased. Throughout this period, we have

found octogenarian patients who underwent surgery to have an

increased number of medical comorbidities.
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