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Abstract
Study Desigh—Retrospective cohort analysis of Medicare claims for 2006-2009.

Objective—To examine whether interspinous distraction procedures are used selectively in
patients with more advanced age or comorbidity; and whether they are associated with fewer
complications, lower costs, and less revision surgery than laminectomy or fusion surgery.

Summary of Background Data—A manufacturer-sponsored randomized trial suggested an
advantage of interspinous spacer surgery over non-surgical care, but there are few comparisons
with other surgical procedures. Furthermore, there are few population-based data evaluating
patterns of use of these devices.

Methods—We used Medicare inpatient claims data to compare age and comorbidity for patients
with spinal stenosis having surgery (n=99,084) with (1) an interspinous process spacer alone; (2)
laminectomy and a spacer; (3) decompression alone; or (4) lumbar fusion (1-2 level). We also
compared these four groups for cost of surgery and rates of revision surgery, major medical
complications, wound complications, mortality, and 30-day readmission rates.

Results—Patients who received spacers were older than those receiving decompression or
fusion, but had little evidence of greater comorbidity. Patients receiving a spacer alone had fewer
major medical complications than those undergoing decompression or fusion surgery (1.2% versus
1.8% and 3.3% respectively), but had higher rates of further inpatient lumbar surgery (16.7%
versus 8.5% for decompression and 9.8% for fusion at 2 years). Hospital payments for spacer
surgery were greater than for decompression alone, but less than for fusion procedures. These
associations persisted in multivariate models adjusting for patient age, sex, comorbidity score, and
previous hospitalization.

Conclusions—Compared to decompression or fusion, interspinous distraction procedures pose a
trade-off in outcomes: fewer complications for the index operation, but higher rates of revision
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surgery. This information should help patients make more informed choices, but further research
is needed to define optimal indications for these new devices.
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Introduction

Methods

Data Source

The interspinous process spacer is a new technology that offers patients with spinal stenosis
a less invasive alternative to laminectomy, but comparative data on safety performance of
these alternatives in actual practice are lacking. The X-Stop© was approved by the FDA in
late 2005 as an alternative to non-surgical care, and similar devices have followed. These
devices share the mechanical goal of distracting the spinous processes to provide symptom
relief among patients who experience relief in spine flexion. For the typically older
population with spinal stenosis, age and comorbidity increase the risks of surgical
complications, so a less invasive option for symptom relief is attractive.

Early evaluation of these spacers included a randomized triall2 comparing devices to non-
surgical therapy, suggesting at least modest advantages in symptoms and function. Some
subsequent studies without a comparison group suggested somewnhat less favorable results.3
However, randomized trials comparing the spacers to conventional decompression or fusion
procedures have not been available. Furthermore, there have been few population-based data
for evaluating patterns of use or safety outcomes of these new devices.

We therefore undertook an analysis of Medicare claims data to address these study
questions:

1. Are spacers being used selectively in patients with more advanced age or
comorbidity?

2. Are spacers associated with fewer medical and wound complications than
conventional laminectomy or fusion procedures?

3. Isthe likelihood of revision surgery different with use of spacers than with
conventional operations for spinal stenosis?

Data were obtained from the Medicare Provider Analysis and Review, or MedPAR database
for the years 2005-2009. This uses procedure codes from the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and includes all Medicare
hospital claims. We included only Medicare patients who were eligible through the Old Age
and Survivors Insurance program, and not those eligible because of Social Security
Disability Income or end-stage renal disease. We also excluded patients enrolled in a health
maintenance organization (HMO) because such patients may not have complete claims data
for individual episodes of care. This is a common exclusion in studies of Medicare data*®.

Patient selection

We identified patients aged 66 years and older with any diagnosis of spinal stenosis. This
provided at least 1 year of prior Medicare eligibility for most patients, to allow us to identify
and exclude those with recent prior spine surgery. We then identified patients with a surgical
procedure indicating placement of an interspinous process spacer or any combination of
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discectomy, laminectomy and fusion. We defined an index operation as the first operation
for an individual patient that occurred in 2006-2009. We required that either the diagnosis or
the procedure codes specified a lumbar location in the spine. We excluded patents if any
diagnosis at the index hospitalization indicated cancer, drug abuse, HIV infection, spinal
cord injuries, vehicular accident, spinal infection, inflammatory spondyloarthropathies,
vertebral fractures or dislocations, or cervical or thoracic spine procedures. We excluded
patients with fusion of 3 or more disc levels, dynamic stabilizing devices, or less than 30
days of available follow-up to identify postoperative complications (i.e., patients with
surgery near the very end of the observation period). However, patients who died within the
30-day interval were counted.

We further excluded patients with evidence of previous lumbar surgery. We identified
patients with lumbar surgery prior to the index operation in two ways. First, we identified
diagnosis or procedure codes implying previous surgery. Examples were postlaminectomy
syndrome, aftercare involving an internal fixation device, refusion, reopening of a
laminectomy site, or removal of a device from bone. Second, we searched hospitalizations in
the previous year to identify previous lumbar spine procedures. For our primary analysis, we
also excluded patients with a diagnosis of spondylolisthesis or scoliosis. In a sensitivity
analysis, we examined the results of including patients with a secondary diagnosis of
spondylolisthesis in addition to lumbar stenosis (additional n=32,020 without other
exclusions).

Categorizing Surgical Procedures

We defined broad categories of spine surgery, which we labeled spacer, decompression or
fusion. A fourth group was added when we found that there were substantial numbers of
patients (n= 1644) who received both a spacer and a decompression. Decompression
included any procedure with discectomy or laminectomy codes without fusion. A fusion was
any procedure involving fusion procedure codes, with or without a decompression. We
excluded a much smaller group (n= 183 without other exclusions) who received both a
spacer and a fusion procedure.

Measures of Comorbidity

We used a modification of the comorbidity index of Quan and colleagues,® which updated
our version of the Charlson index.” We modified their index by removing codes that could
represent postoperative complications if listed at the index hospitalization. Examples
included codes for congestive heart failure, acute myocardial infarction, acute stroke, and
renal dialysis. However, the full Quan list of conditions was used to search for diagnoses
during any hospitalization in the year prior to the index hospitalization. Thus, the modified
score included comorbid conditions listed in previous hospitalizations and selected
conditions identified in the index hospitalization. In addition, we tabulated the number of
hospitalizations for one year prior to the index hospitalization (other than those for spine
surgery), as a crude additional measure of illness burden.

Reoperations after the index procedure

With the same procedure codes used for selecting patients, we identified lumbar spine
operations that occurred after discharge from the index operation. For analysis purposes, we
counted only the first re-occurrence of lumbar surgery. We use the term “repeat surgery” or
“reoperation” to indicate any of these subsequent operations, even though the nature of the
surgery may have been different from the index operation, and we cannot know whether it
involved the same spinal levels. We tabulated the diagnosis and procedure codes recorded at
these reoperations. Removals of spacer devices that occurred as ambulatory procedures
would be missed in our analysis, which identified only inpatient reoperations.

Soine (Phila Pa 1976). Author manuscript; available in PMC 2014 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Deyo et al.

Page 4

Complications

As in an earlier study,8 we considered 3 categories of complications: major medical
complications, wound complications, and mortality. These are generic surgical
complications, not specific for lumbar spine surgery. As major medical complications, we
included procedure codes for cardiopulmonary resuscitation or repeat post-operative
endotracheal intubation and mechanical ventilation. We also included diagnosis codes for
cardiorespiratory arrest, acute myocardial infarction, respiratory failure, pulmonary
embolism, bacterial pneumonia, aspiration pneumonia, pneumonia with unknown organism,
and stroke, excluding late effects. These complications have a major impact on health and
are generally more consistently coded than minor complications.8:2 Complications were
counted if they were recorded during the index hospitalization, or any rehospitalization
within 30 days of discharge. Complications that did not result in hospitalization were not
counted.

Wound complications included ICD-9 codes for hemorrhage, hematoma or seroma
complicating a procedure; disruption of operation wound; non-healing surgical wound;
postoperative infection; and other infection. We also counted events with a procedure code
for “excisional debridement of wound, infection or burn,” and those classified in the
Diagnosis-Related Group for wound debridement and skin graft.

Using a file that identified date of death, we calculated mortality within 30 days of hospital
discharge, including in-hospital death. We also calculated a rate of “life-threatening
complications”, which included both mortality within 30 days and the major medical
complications described above (not mutually exclusive).

Healthcare utilization

Analysis

MedPAR includes hospital length-of-stay. We also examined rehospitalizations within 30
days because short-term rehospitalizations are a target for quality improvement.® Early
readmissions may suggest complications, poor discharge planning, inadequate outpatient
follow-up, or other problems. Finally, we recorded the amount of Medicare payment (not
charges) for the hospital bill, exclusive of professional fees, which are not included in Part
A claims.

The proportions of patients with complications or rehospitalizations among subgroups were
compared using chi-square analyses for bivariate analyses, and logistic regression for
multivariate analyses. In regressions, these events were modeled as a function of age,
gender, comorbidity, previous hospitalization and type of index surgical procedure.

Length of stay and hospital payments were compared using t-tests or analysis of variance,
then modeled in linear regressions. We used untransformed payments, because mean
estimates are generally similar to those of approaches that better account for skewed
data.10-13 |n large datasets, means often prove to be sufficient.1 Significance tests were 2-
sided, with an alpha of 0.05.

To study reoperations, we used time-to-an-event statistical methods (“survival” analysis),
with the event being a second spinal operation. We focused on comparing the cumulative
probability of reoperation for the 4 broad types of surgery performed at the index operation.
The time to reoperation was calculated as the number of days between hospital discharge for
the index operation and the date of admission for the first subsequent lumbar spine
operation.
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We used proportional hazards models to examine the cumulative probability of reoperation,
adjusted for age, gender, comorbidity score, and previous hospitalization. We assessed the
proportional hazards model with hazard plots and tests of Schoenfeld residuals. We found
that the proportionality assumption was weakly violated in comparing fusion surgery with
the spacer alone. This occurred because of crossovers in the survival curves, especially in
the first 1.5 years of follow-up. We therefore included a time-varying coefficient to examine
the probability of reoperation in each year of follow-up. The final model fit was confirmed
using the Cox-Snell residuals plot for goodness-of-fit; significance testing was performed
with a two-sided alpha of 0.05. Statistical analysis was performed with StataMP software,
version 11 (Statacorp, College Station, Texas).

Patient and Procedure Characteristics

There were 185,009 inpatient operations that included a diagnosis of lumbar stenosis during
2006-2009. There were 85,925 (46%) with one or more exclusion factors, leaving 99,084
patients included in the analysis (Figure 1). There were 1,607 patients with spondylolisthesis
who received a spacer, and 488 with a diagnosis of scoliosis who received a spacer, but
these were not included in our primary analysis. Because there were 1,622 patients with
fewer than 30 days of follow-up (due to index surgery at the end of 2009), we used 97,462
to calculate complications and rehospitalizations.

Among the 99,084 eligible patients, average age was 74.6, and 48.7% were women. There
were 93.8% Whites, 3.5% Blacks, and 2.7% other races or ethnicities. Among the index
operations, there were 3,965 (4.0%) with a spacer insertion alone, 1,644 (1.7%) with spacer
insertion and a decompression, 76,520 (77.2%) with a decompression alone, and 16,955
(17.1%) that included fusion procedures (Table 1).

Patients who received a spacer alone were significantly older than patients who received
either a decompression or fusion. However, the proportion hospitalized in the previous year
was similar among groups (Table 1). Although there were significant differences among the
surgery groups with regard to comorbidity score and the proportions with diabetes or
chronic lung disease, these were not consistently more severe in the spacer groups compared
to the decompression or fusion groups.

Complications and Healthcare Utilization

Complications were generally lower in the spacer groups (with or without decompression)
than in the decompression or fusion groups (Table 2). Decompression alone was
intermediate between the spacer groups and fusion on each measure of complications. For
example, life-threatening complications were observed in 1.2% of spacer alone patients,
1.8% of decompression patients, and 3.3% of fusion patients (p<0.001; chisquare).
Rehospitalization within 30 days followed the same pattern, occurring in 4.5% of spacer
patients, 6.6% of decompression patients, and 9.4% of fusion patients (p<0.001; chi-square).
The group with spacer plus decompression was generally intermediate between the groups
with spacer alone and decompression alone with regard to complication measures (Table 2).

The mean hospital length of stay for patients receiving a spacer alone was shorter than for
patients receiving a decompression, even after adjusting for other factors (1.44 days vs. 2.67
days). All of the associations of complications, 30-day rehospitalization, and length of stay
persisted after multivariate adjustment for age, sex, comorbidity score, and number of
previous hospitalizations (Table 2).
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Adjusted mean hospital payments for patients receiving spacers ($8,227 for spacer alone)
were higher than for patients receiving decompression alone ($5,923); patients receiving
fusion procedures had the highest payments ($20,140) (Table 2). Patients who received a
spacer alone were more likely to be discharged to home with self-care (83.8%) than were
patients who received decompression alone (71.1%) or a fusion procedure (49.6%)
(p<0.001). Patients who received a spacer plus decompression were intermediate in their
likelihood of discharge to selfcare (78.8%). The vast majority of other discharges were to
skilled nursing facilities, home health services, or inpatient rehabilitation programs.

Reoperations

Although patients receiving spacers had the lowest rate of complications, they had the
highest rate of revision surgery (Table 3). At 2 years, for example, the cumulative
probability of reoperation was 16.7% among those receiving a spacer; 8.5% among those
having a decompression, and 9.8% among those having a fusion procedure (p<0.001; chi-
square). In a logistic regression model, after adjusting for age, sex, comorbidity score, and
previous hospitalizations, these associations persisted (Table 3).

The proportional hazards model with time-varying coefficients confirmed these associations,
with hazard ratios generally similar to the odds ratios from logistic regression. Taking
decompression as the reference group, the hazard ratio for the spacer alone group having a
reoperation within the first year was 2.4 (95% CI 2.1, 2.6), and the hazard ratio for spine
fusion was 1.14 (95% CI 1.06, 1.22). The likelihood of reoperation within the first year was
similarly high for patients receiving a spacer plus decompression (OR 2.0; 95% CI 1.7, 2.4)
(Table 3). The “survival” curves (cumulative probability of reoperation) are presented
visually in Figure 2.

Among the 397 patients in the spacer only group who had a second operation, 35%
underwent a fusion procedure; 52% had a decompression procedure; and 13% had other
operations, mostly coded as device revisions, replacements, reinsertions or removals.

In a sensitivity analysis, we examined the results of including patients with a diagnosis of
spondylolisthesis in addition to lumbar stenosis (total n=131,104 without other exclusions).
The 2-year reoperation rate for spacer alone (16.7%) or for spacer plus decompression
(14.4%) remained well above that for decompression alone (8.6%). Including patients with
spondylolisthesis lowered the reoperation rate for fusion procedures to 8.5%.

Discussion

Interspinous process spacer procedures were used with patients who were slightly older on
average than patients who underwent decompression alone or fusion procedures. However,
judging from comorbidity scores and recent hospitalizations, they may not have had a
greater burden of medical illness. A substantial fraction of spacer procedures (29%)
involved decompression surgery as well. The major findings of this analysis are that, as
expected, surgery with a spacer alone had a lower rate of major medical complications and
wound complications than either decompression or fusion for patients with spinal stenosis.
However, it was also associated with a substantially greater likelihood of requiring revision
surgery. Our estimate of revisions may be low, because we could not identify spacer
removals that might have been performed as outpatient procedures. Also, some patients may
refuse further surgery even when the device is unsuccessful. Payments for spacer procedures
exceeded those of decompression alone, but were substantially below those of fusion
procedures.
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Thus, patients and surgeons face a trade-off in the choice of surgical procedures for spinal
stenosis. Complication rates with spacers appear lower than for conventional, more invasive
surgery, but reoperation rates are higher. We note that the reoperation rate for spacers in our
study (16.8% at 2 years) was also substantially higher than reoperation rates observed for
spinal stenosis in the Spine Patient Outcomes Research Trial (SPORT) (7.8% overall at 2
years), for patients mostly having decompression surgery (89%). Thus, the spacer may be a
useful option for patients at particularly high risk from surgery. However, for patients of
average risk, and with substantial expected longevity, the higher reoperation rate with
spacers may argue in favor of conventional decompression surgery.

Because interspinous process spacers are a relatively new technology, the indications and
even the design of these devices are likely to evolve. However, our results emphasize the
importance of careful evaluation at each step in this evolution. Because they are new, these
devices also raise questions about the “learning curve” in acquiring surgical expertise.
Complication rates are likely to fall with greater experience, but are low even in these early
stages of use. Whether the need for revision surgery will fall with greater experience
remains to be seen.

Like other studies using Medicare claims,814 this study had some important advantages. It
included all eligible Medicare patients having surgery for spinal stenosis in the study years,
not selected patients, surgeons, or centers. Data on repeat hospitalizations and surgery were
virtually complete, because all patients had insurance coverage, and revisions performed in
hospitals other than the original hospital could be identified.

There are some important limitations to this study, as well. We were not able to identify and
study patients who had spacers inserted as an outpatient procedure, though we believe most
operations in these early years of use were performed on an inpatient basis. Reimbursement
incentives and unpublished data from a single state (California) support this belief. We were
not able to identify device-specific complications related to interspinous process spacers,
such as device dislocations or spinous process fractures.1>:16 Some of these events are likely
to have resulted in repeat surgery, which we captured. However, because we examined only
inpatient claims, we could have missed spacer removal procedures that were performed on
an ambulatory surgery basis. Other investigators have suggested that some of the device
complications may be related to specific anatomic variants, which we could not identify26.

An important limitation of our observational study is potential confounding by indication, a
problem avoided in randomized trials. Patients selected for spacer insertion may
systematically differ from those selected for other types of procedures. However, surgeons
vary substantially in deciding whether to perform surgery and in their choice of procedures,
even for similar patients.1’:18 Thus, the differences we observed among groups may result
from surgeons' procedure preferences as well as patient characteristics.

Another limitation is that diagnoses and procedures may be miscoded, though the data are
used for billing and are subject to audit. Comparisons with medical records suggest that
surgical procedures and spine operations in particular are generally coded accurately,19-21
although the ICD-9 system lacks detail.22 Diagnosis coding may be more variable. We were
surprised that there was little evidence of greater comorbidity among patients who received
spacers, and this may in part be due to limitations in coding practice. Also, if secondary
diagnoses are not consistently coded, our exclusion of conditions such as scoliosis and
spondylolisthesis may be incomplete.

Our ability to identify surgery prior to the index operation was imperfect, and previous
surgery may be unapparent from diagnosis or procedure codes at the index operation.23 This
was our rationale for examining a previous year of claims to identify prior surgery, rather
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than relying solely on coding at the index operation. Even so, we likely missed some more
distant previous operations. Finally, we are unable to assess pain relief or functional
recovery from these claims data, though these outcomes may partly correlate with revision
surgery rates.

Our findings highlight trade-offs in outcomes and important financial stakes in the use of
interspinous process spacers. Both device costs and reoperation costs may be important.
Thus, the results also highlight the need for more thorough evaluation of this new
technology. Comparisons both to more invasive and less invasive treatment options are
appropriate. Furthermore, the use of interspinous process spacers in conjunction with other
procedures (decompression or fusion) requires closer investigation. Such studies should
examine symptom relief and functional recovery as well as complication and revision
surgery rates. Finally, costeffectiveness analyses, considering index procedure costs,
complication costs, and reoperation costs, may help to identify when spacer operations offer
the greatest value. Only with such additional study will the optimal indications for this new
technology become clear.
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Key Points

Randomized trials have compared use of interspinous spacers for lumbar
stenosis with non-operative care, but not with other surgical procedures. Using
Medicare data, we compared complications and repeat surgery rates for patients
with lumbar stenosis who received a spacer alone; a spacer plus decompression;
decompression alone; or a procedure involving fusion.

Patients receiving a spacer alone had fewer major medical complications than
those undergoing decompression or fusion surgery (1.2% versus 1.8% and 3.3%
respectively), but had higher rates of revision surgery at 1 or 2 years (16.7%
versus 8.5% for decompression and 9.8% for fusion at 2 years).

Hospital payments for surgery involving spacers were greater than for
decompression alone, but less than for fusion procedures.

Use of interspinous process spacers poses a trade-off in outcomes: fewer
complications for the index operation, but higher rates of subsequent lumbar

surgery.

Soine (Phila Pa 1976). Author manuscript; available in PMC 2014 May 01.
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Excluded for following (not mutually exclusive):

Cancer

Trauma

Drug abuse

Cauda Equina

Immune deficiency
Intraspinal abscess
Osteomyelitis

Previous lumbar surgery

Eligible for mortality
outcomes
99,084

*Non-degenerative spinal diagnosis
SSDI

ESRD

HMO

Three or more disc levels
Dynamic Stabilizing devices
Spondylolisthesis

Scoliosis

Any of above:
85,925

5177
3,138
75
2,253
19

176
291
17,905
5,382
780
436
6,571
13,010
316
45,464
13,492

Excluded due to < 30 days of

¥

Eligible for safety &
utilization outcomes
97,462

Figure 1.

follow-up available
1,622

v

Flow diagram for exclusions and analysis.
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Cumulative incidence of repeat lumbar
surgery following initial operation for
spinal stenosis among Medicare beneficiaries

Figure 2.

Years

Decompression alone
Spacer + Decompression

————— Spacer Alone
——~ Fusion

Source: CMS 2006-2009
Based on Kaplan-Meier survival

Cumulative incidence of reoperation following index operation for lumbar spinal stenosis
among Medicare beneficiaries, 2006-2008.
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