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Abstract
Study Design—Retrospective review of a prospectively collected database.

Objective—To examine whether short- and long-term outcomes after surgery for lumbar stenosis
(SPS) and degenerative spondylolisthesis (DS) vary across centers.

Summary of Background Data—Surgery has been shown to be of benefit for both SPS and
DS. For both conditions, surgery often consists of laminectomy with or without fusion. Potential
differences in outcomes of these overlapping procedures across various surgical centers have not
yet been investigated.

Methods—Spine patient outcomes research trial cohort participants with a confirmed diagnosis
of SPS or DS undergoing surgery were followed from baseline at 6 weeks, 3, 6, and 12 months,
and yearly thereafter, at 13 spine clinics in 11 US states. Baseline characteristics and short- and
long-term outcomes were analyzed.

Results—A total of 793 patients underwent surgery. Significant differences were found between
centers with regard to patient race, body mass index, treatment preference, neurological deficit,
stenosis location, severity, and number of stenotic levels. Significant differences were also found
in operative duration and blood loss, the incidence of durotomy, the length of hospital stay, and
wound infection. When baseline differences were adjusted for, significant differences were still
seen between centers in changes in patient functional outcome (SF-36 bodily pain and physical
function, and Oswestry Disability Index) at 1 year after surgery. In addition, the cumulative
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adjusted change in the Oswestry Disability Index Score at 4 years significantly differed among
centers, with SF-36 scores trending toward significance.

Conclusion—There is a broad and statistically significant variation in short- and long-term
outcomes after surgery for SPS and DS across various academic centers, when statistically
significant baseline differences are adjusted for. The findings suggest that the choice of center
affects outcome after these procedures, although further studies are required to investigate which
center characteristics are most important.

In this retrospective study, outcome variation after surgery for spinal stenosis and degenerative
spondylolisthesis among centers participating in the spine patient outcomes research trial
(SPORT) were analyzed. Significant variation, including the presence of outlier centers, was
found. This suggests that the choice of center influences the outcome after these procedures,
although further studies are required to ascertain which center characteristics may be most
important.
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Surgery for lumbar spinal stenosis (SPS) or degenerative spondylolisthesis (DS) is one of
the most common procedures performed by spine surgeons in the United States.1-3 The
rates of this procedure have been increasing in the US Medicare population, although there
remains broad variation in rates of surgery across the country.4—6 The goal of the procedure
is usually to decompress the thecal sac from either degenerative bony overgrowth or spinal
canal compromise due to instability from listhesis of vertebral bodies.7 Typical presentation
from SPS and DS includes back, buttock, and leg pain, often seen during walking and
severely limiting walking tolerance.7 Symptoms are classically relieved by lumbar flexion.
Most patients without related cauda equina syndrome or progressive weakness are initially
managed conservatively.8 If symptoms persist or worsen, then a significant number will
undergo surgical intervention with overall good postoperative outcomes.8,9 A certain
proportion of these patients will, however, remain symptomatic and then may require further
operative management. Poor outcomes after surgery have been attributed to several factors,
including misdiagnosis, surgical technique failure, new pathology, untreated instability,
facet syndrome, and adjacent level disease.10,11 The literature examining these factors is
largely based on single-institution studies, therefore, the effect on outcomes of different
centers has not been studied.

The spine patient outcomes research trial (SPORT),8,9,12,13 a large multicenter trial
including both randomized and observational cohorts initiated in March 2000, provides
standardized outcome measures and long-term follow-up and a valuable opportunity to
examine short-term and long-term outcomes across various study centers.12,13
Furthermore, all laminectomies and fusions were performed using the same approach (open,
posterior) and all were performed in patients without a previous history of lumbar spine
surgery.
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This study was undertaken to investigate whether short- and long-term outcomes after
surgery for SPS and DS varied significantly among the study centers participating in the
SPORT.

MATERIALS AND METHODS
Study Design

The SPORT was conducted at 13 medical centers with multidisciplinary spine practices in
11 states in the United States. Institutional review board approval was obtained at each
center. The trial was registered with ClinicalTrials.gov (NCT00000409, NCT00000411).
Additional background information is available in literature.12,13

Patient Population

As part of the original SPORT protocol, all patients had neurogenic claudication or radicular
leg pain with associated neurological signs, spinal stenosis, or degenerative
spondylolisthesis seen on cross-sectional imaging, symptoms that had persisted for at least 6
weeks, and physician confirmation that they were surgical candidates. Pre-enrollment
nonoperative care included physical therapy, anti-inflammatory medications, opioid
analgesics, chiropractic care, and epidural injections. Enrollment began in March 2000 and
ended in February 2005.

Surgery Performed

The protocol surgery consisted of a standard open posterior lumbar laminectomy at the
affected level or levels with or without fusion. The use of a microscope was at the discretion
of the surgeon but was not recorded as part of the SPORT database.

Study Measures

The short-term outcome measures were operative duration, operative blood loss,
requirement for blood transfusion, perioperative nerve root injury, wound complications
(e.g., infection), inpatient length of stay, and postoperative mortality.

The long-term outcome measures were the need for repeat surgery at 1, 2, 3, and 4 years, the
Short Form-36 (SF-36) bodily pain and physical function component scores and the
American Academy of Orthopaedic Surgeons MODEMS (Musculoskeletal Outcomes Data
Evaluation and Management System) version of the Oswestry Disability Index (ODI)
measured at 6 weeks, 3 months, 6 months, and yearly up to 4 years. SF-36 scores range from
0 to 100 points, with higher scores indicating less severe symptoms; the ODI ranges from 0
to 100 points, with lower scores indicating less severe symptoms. The effect of the center
variability on long-term outcome was defined as the difference in the mean changes,
compared with baseline, between the various groups (the difference in the difference).

Statistical Methods

The baseline characteristics of patients of each center were compared. The analyses
consisted of comparisons between all the groups. Computations were performed with the use
of the PROC MIXED procedure for continuous data and the PROC GENMOD procedure

Spine (Phila Pa 1976). Author manuscript; available in PMC 2014 May 22.


http://ClinicalTrials.gov

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Desai et al.

RESULTS

Page 4

for binary and non-normal secondary outcomes from the SAS software package (version
9.1; SAS Institute, Cary, NC). Significance was defined as P < 0.05 on the basis of a 2-sided
hypothesis test with no adjustments made for multiple comparisons. The data for these
analyses were collected through August 29, 2009. The outcome analyses for SF-36 and ODI
scores were adjusted for age, sex, diagnosis, baseline scores for SF-36 and ODI, and those
baseline variables that were significantly different among centers and also those that had
significant effect on outcomes.

Baseline Characteristics

Follow-up

A total of 793 patients underwent standard open lumbar laminectomy and / or posterior
fusion (Table 1). The enrollment in various centers was in the range of 29 to 125 patients.
There were no significant differences among the study centers in some patient
characteristics (age, sex, the prevalence of smoking, diabetes), baseline levels of disability
(preoperative SF-36 bodily pain and physical functioning, ODI), or listhesis level. Patients
demonstrated significant differences in race, body mass index (BMI), incidence of
hypertension, joint problems, treatment preferences, neurological deficit, and stenosis level,
location, and severity. Certain baseline characteristics did not reach overall statistical
significance in terms of difference, but did seem to be in a wide range among centers. These
included compensation (3%-19%), smoking (3%-12%), and certain comorbidities.

As of August 2009, the mean (SD) follow-up among all analyzed SPS/DS patients was 45.2
(13.8) months. The median (range) follow-up time among all analyzed SPS/DS patients was
47.4 (1.2-95.6) months.

Operative Events

There was a significant difference among the study centers in the type of procedure
performed (laminectomy-only, laminectomy with instrumented or noninstrumented fusion),
the stenotic level decompressed, and the number of stenotic levels decompressed (Table 2).
The various centers demonstrated statistically significant differences with broad ranges in
the operative duration (74-235.9 min), blood loss (174.5-892.5 mL), the need for
intraoperative (4%-36%) and postoperative blood transfusions (3%—32%), and the incidence
of dural tears (0%-18%). There were no differences in the incidence of intraoperative nerve
root injury.

Short-term Outcomes

There were statistically significant differences in the length of hospital stay (1.3—-4.1 d) and
in the rate of wound infection (0%-10%) among various study centers (Table 2). There were
no statistically significant overall differences in the incidence of postoperative nerve root
injury, or wound hematoma. There were no occurrences of wound dehiscence, bone graft
complication, cerebrospinal fluid fistula fistula formation, paralysis or cauda equina injury,
or other complications attributable to surgery. There was no mortality within the first 3
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months of surgery, except at one center where 2 patients died within 6 weeks of lumbar
laminectomy.

Adjusting Covariables

The set of adjusting covariates for the analysis of SF-36 scores and ODI scores were
selected by putting baseline variables that were significantly different among centers into the
outcome models. These were sex, diagnosis, baseline scores for (SF-36 and ODI), BMI,
race, education, pseudoclaudication, straight-leg raising or femoral tension, pain radiation,
any neurological deficit, reflex deficit, sensory deficit, motor deficit, hypertension, stomach
problem, joint problem, and other comorbidities, L2-L3 level stenosis, L3-L4 level stenosis,
L5--S1 level stenosis, central stenosis, lateral recess stenosis, neuroforamen stenosis,
stenosis severity, number of moderate/severe stenotic levels, and treatment preference at
baseline. Patient age and those baseline variables that had a significant effect on outcomes
were selected as adjusting covariates. The set of adjusting covariates were age, sex, race,
BMI, diagnosis, education, any neurological deficit, stomach problem, joint problem, other
comorbidities, baseline treatment preference, and baseline scores for SF-36 and ODI.

Long-term Outcomes

One-, 2-, 3- and 4-year postsurgical reoperation rates were calculated from Kaplan-Meier
plots (Tables 2-4; Figures 1, 2). There was no difference in the incidence of reoperation
among the study centers at 1, 2, 3, and 4 years. (Figure 2, Table 2). Despite not reaching
statistical significance, however, the variation in the rates of reoperation at 4 years was
relatively broad (5%-21%).

There were significant differences across the centers in all long-term functional outcomes
(SF-36 and ODI) at 1-year of follow-up, with a broad range (SF-36 BP: 22-37.7; SF-36
physical function: 19.3-36.3; ODI: 16.9-27.9) and in the ODI scores at 4 years (12.3-28.6)
(Table 3, Figure 1). When the “area under the curve” was analyzed for each adjusted
functional outcome measure, the cumulative difference in ODI scores showed broad and
significant variation across centers (15-28.1), whereas there was also a trend toward
significant differences in the SF-36 scores across centers (Table 4).

DISCUSSION

SPS refers to the compression of the lumbar neural elements by the intervertebral disc,
hypertrophied facet joints, and ligamentum flavum. Symptoms not relieved through
nonoperative management may be treated by the removal of offending bone and ligament
(decompressive laminectomy). When there is instability and listhesis of one vertebral body
on another, laminectomy and fusion (with or without instrumentation) is a common surgical
treatment.7 Symptomatic patients have a significant degree of disability and several studies
have demonstrated improvement in pain and function with operative interventions.8,9,14-17

In a meta-analysis of 19 trials, surgery for SPS and DS has demonstrated a favorable risk-
benefit profile.18 Amundsen et al19 demonstrated good results in 91% of patients
undergoing surgery versus 71% in patients undergoing nonoperative management. A
Cochrane database review20 in 2005 noted that most published articles consisted of
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uncontrolled case series or prospective cohort studies, and the few randomized trials that
have been reported until then were performed on a small number of patients and reported
mixed surgical indications.21 More recently, the effectiveness of operative intervention has
also been supported by SPORT,8,9 a large multicenter randomized study that demonstrated
equivalence of surgery to conservative management in the intention-to-treat analysis and
superiority of surgery in the as-treated analysis. Although there is wide variation in the
reported outcomes of surgery for SPS and DS, most studies reveal good or excellent
outcomes in approximately 50% to 70% of patients,14,15,17 despite there being a need for
further well-designed trials with a more systematic conservative care arm.

The broader surgical literature has investigated the potential correlation of various surgical
outcomes to different centers’ characteristics.22,23 Several studies have suggested that
center characteristics, in particular volume, are responsible for varied outcomes among
them.24-28 The strongest correlation has been observed in treatment of abdominal aortic
aneurysm, congenital heart disease, pediatric renal transplantation, pancreatic and
esophageal cancer, and heart and liver transplant.22,29-32 On the contrary, a recent study33
from the Veterans Affair National Surgical Quality Improvement Database did not
demonstrate any center variation in outcomes for 8 common surgical procedures, including
carotid endarterectomies, hip replacements, and cholecystectomies, but no spine operations.
It, therefore, seems likely that the correlation of surgical outcomes with center
characteristics is dependent on the procedure type and is not universal. Such research has,
however, not been performed in spine surgery. Furthermore, in these studies, the
investigators have tended to analyze 30-day mortality data and not functional objective
outcome indices, which are more pertinent to spine surgery.

In this study, we observed statistically significant differences with broad variation across
centers in several short-term and long-term outcomes after surgery in patients with SPS or
DS. Rates of surgical site infection and dural tear varied across centers, as did operative
blood loss and inpatient length of stay. In addition, all of the adjusted changes in functional
indices (SF-36 bodily pain and physical function, ODI) were significantly different across
centers at 1 year from surgery, and the ODI at 4 years. The cumulative change in ODI
during 4 years (area under the curve) also showed a significant difference between centers,
with the other 2 functional outcome indices (SF-36 scores) trending toward significance.
These results are in accordance with this literature, which has suggested that there is
considerable variation in the proportion of individuals reporting long-term benefit from
surgical treatment of SPS and DS.11,17,19,34-36 Of note, a meta-analysis demonstrated
considerable variation in reported success rates among several single-institution studies.37

Several studies have investigated the outcomes after surgery for SPS and DS, and they have
attributed its variable success to multiple factors.10,11,15,16,35 Factors such as age, sex,
smoking, low socioeconomic status, working or disability status, regular exercise, and
disease level and type have been investigated.10,11,15,35 For most of these factors, the data
remain inconclusive, with one meta-analysis unable to identify any predictive factors of
good outcome across the 74 selected studies.37 In our study, the patient population showed
significant differences with respect to baseline characteristics across centers, including sex,
race, BMI, diagnosis, the presence of pseudoclaudication, straight-leg raise or femoral
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tension, pain radiation, neurological deficits, certain comorbidities, treatment preference,
and stenosis location, severity, and levels. The factors that had a significant effect on
outcome were then selected as adjusting covariates to account for potential confounders and
attempt to isolate the effect of center alone.

These results demonstrate that the first-time open surgery for SPS or DS, performed by
neurosurgeons or orthopedic surgeons, provides the patients with variable short- and certain
long-term functional outcomes across different centers, when baseline differences in patient
characteristics are adjusted for. The etiology of this observation is uncertain and cannot be
answered by these data but may be multifactorial. Individual surgeon experience and
volume, center volume and facilities, and nuances in operative technique (e.g., microscope
use) may all play a role in affecting outcome. Furthermore, the variability seen in this study
in the type of surgery performed across centers (Table 2) may, in addition to being a product
of variability in baseline diagnosis (Table 1), reflect individual surgeon preference for
certain procedures, which may itself be a factor in outcome. Several other factors potentially
affecting outcomes in spine surgery have been investigated. These have often had
conflicting findings, possibly because much of this literature is based on retrospective
single-center studies. These factors are, however, not available in the data investigated by
the SPORT trial, therefore cannot be further analyzed using data from this multicenter
prospectively collected cohort. It is also possible that some yet unrecognized
pathophysiological features of SPS and DS (e.g., genetic) may influence surgical outcome in
a way that cannot currently be appreciated, an interesting topic for further investigation.
Variations in treatment effects related to socioeconomic factors may also be at play.
Although workers compensation and secondary gain are not generally considered in these
populations (SPS and DS), neurobiological responses to degenerative conditions such as
these remain to be studied. There is clear evidence that pain response can be associated with
psychosocial factors, economics, and education. SPORT data may allow for further
explanation of the variation in treatments as we continue to unravel the mystery of why one
patient does better than another when all else seems equal.

This study has several limitations that should be considered. It includes subgroup analysis of
13 different centers; therefore, although the study population of 793 is large, each center has
a significantly smaller population, making the detection of statistically significant
differences among groups difficult. To maximize the size of the study population, we
analyzed patients with 2 overlapping conditions. It is retrospective and vulnerable to certain
confounding variables. Although the patients were selected from major academic centers,
given that the initial SPORT guidelines were relatively broad, there were potentially major
differences in patient selection criteria and surgical techniques, and these could possible
confound outcomes. It should be noted, however, that all surgical cases in the SPORT were
performed using an “open” technique, that is, without the use of a tubular retractor. A
further potential limitation is that, the statistical analysis only detects group differences
across the multiple centers, but does not necessarily detect “outliers.” In addition, baseline
characteristics not having a significant effect on outcome despite a wide variability were not
adjusted for in the analysis of long-term center effect. Compensation in particular has
previously been reported to have a significant effect on outcome but did not reach statistical
significance in this study. We think, however, that adjusting only for those variables with a
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statistically significant effect on outcome in our own data is the most valid analysis to
perform. As discussed earlier, although this study suggests that certain centers have better
outcomes, it cannot answer which center characteristics, such as volume, facilities, surgeon
experience and training, and operative technique, may play an important role in outcome.
Further studies are clearly required to address this issue. Finally, patient population sizes at
certain centers were relatively small, limiting statistical power in detecting significant
differences across centers in certain outcomes, for example, functional outcome indices
during the 4-year period.

The data presented in this study demonstrate clear heterogeneity and variation in outcomes
across centers. This has not been demonstrated previously for spinal surgery and is not
necessarily an intuitive finding, given that these surgical procedures are frequently
performed in a range of centers across the United States, and that several surgical
procedures,33 for example, hip arthroplasty, have been shown to have little variation among
centers. For this reason, we think that the data are of value to the reader, although we agree
that it cannot answer which intrinsic characteristics of the center are responsible for this
variation. We hope that our study may provide the impetus for further investigation in this
area.

CONCLUSION

The effect of individual center on short- and long-term outcomes after surgery for SPS and
degenerative spondylolisthesis has not been previously investigated. In this study, the data
of the SPORT trial demonstrated statistically significant, broad variation in several short-
term and long-term outcomes across centers, even when significant differences in baseline
characteristics were adjusted for. The presence of “outlier centers” was also seen for several
baseline characteristics and outcome measures. Therefore, choice of surgical center seems to
affect outcome after surgery for SPS and DS, although further studies are required to
investigate which specific center characteristics may be of particular importance.
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