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ABSTRACT

Background: Stability following multilevel decompressive laminectomy without fusion has been debated using in
vitro biomechanical and radiographic models. However, there is a lack of information regarding clinical outcomes for
these patients. The aim of the present study was to determine the association between clinical outcomes and number of
levels decompressed via laminectomy for treatment of lumbar spinal stenosis.

Methods: We performed a retrospective cohort analysis of patients who underwent a primary lumbar laminectomy
between 2009 and 2015 by senior orthopedic spine surgeons for lumbar spinal stenosis. Patients were divided into 2
groups based on the number of decompression levels: single level or 3 or more levels. Patient-reported outcomes were
obtained in the form of Oswestry Disability Index (ODI) scores, visual analog scale (VAS) scores for the back and leg,
12-Item Short Form Mental and Physical Survey scores, and Veterans Rand 12-Item Health Mental and Physical
Survey scores.

Results: Overall, 138 consecutive patients were assessed, of which 106 underwent a single-level and 32 underwent a
3-or-more-level laminectomy. Average follow-up was 24.2 months. There were no significant differences in the
preoperative VAS back, VAS leg, or ODI scores between the single-level laminectomy and 3-or-more-level laminectomy
groups. Both groups of patients experienced significant improvements in these clinical outcomes postoperatively with no
clinically significant difference in the degree of improvement. Reoperation rates were low and similar between the 2
groups.

Conclusions: Patients undergoing decompression of 3 or more levels present with similar postoperative outcomes
to those who undergo a single-level decompression for lumbar spinal stenosis. Under specific clinical and radiographic
criteria, a multilevel decompression of 3 or more levels may be a safe and effective procedure with acceptable outcomes

at 2 years after surgery.
Level of Evidence: 3.

Lumbar Spine

Keywords: lumbar spinal stenosis, multilevel laminectomy without fusion, decompression-only laminectomy, stability-

preserving laminectomy

INTRODUCTION

STARTSymptomatic lumbar spinal stenosis
(LSS) is a common pathology that often requires
surgical intervention when patients have failed to
improve with conservative treatment modalities.'
In patients with single-level stenosis, laminectomy
has long been considered the standard of surgical
care, with generally favorable outcomes.* For
multilevel stenosis, however, patients can be treated

with either laminectomy alone or laminectomy plus
lumbar fusion.>>® While the addition of a fusion
procedure has been supported for a number of
patient populations (eg, degenerative spondylolis-
thesis, degenerative scoliosis, pars defects with disc
disease, and symptomatic baseline instability), the
merits of fusion in patients with multilevel stenosis
alone is still debated.”'® A potential benefit of
fusion in patients undergoing multilevel laminecto-
my is that surgeons can resect more bone without

Downloaded from https://www.ijssurgery.com/ by guest on May 7, 2025


https://www.ijssurgery.com/

Outcomes Following Lumbar Multilevel Decompression Surgery

concern for iatrogenic instability. However, an
instrumented fusion procedure carries the risk of
implant complications, longer surgical time, higher
blood loss, and longer hospital stays and may
predispose the patient to the development of
symptomatic adjacent segmental degeneration/dis-
ease (ASD) and a need for revision surgery.''™'*
Given these potential consequences, there has been
growing interest in the outcomes following multi-
level laminectomy alone for the treatment of LSS.
Although the single-level laminectomy has long
been considered an effective procedure when indi-
cated for the right patient population, the relative
effectiveness of the multilevel laminectomy without
fusion has not been comprehensively explored.

A paucity of literature has attempted to analyze
single versus multilevel laminectomy alone in pa-
tients with lumbar stenosis, and results have been
mixed. Adilay and Guclu'® recently reported on 112
patients who underwent either single-level or multi-
level lumbar laminectomy surgery without fusion for
LSS and found that patients who underwent
multilevel laminectomy reported worse postopera-
tive Oswestry Disability Index (ODI) and visual
analog scale (VAS) scores when compared to single-
level laminectomy. On the other hand, Gunzburg et
al'® analyzed 36 patients undergoing a limited
laminectomy alone for lumbar stenosis, and found
no association between the number of levels
decompressed and patient reported outcome mea-
sures. Furthermore, the effectiveness of surgery is
largely dependent on surgical technique. For exam-
ple, an extensive decompression with partial or
complete facetectomy can provide considerable relief
from symptoms attributable to stenosis but may
result in iatrogenic instability and a need for future
instrumentation and fusion. Similarly, a limited
decompression may result in preserved stability but
inadequate relief of stenosis. Our group practices a
stability-preserving technique with partial facetecto-
my to facilitate effective decompression that is
highlighted below. Results regarding the safety and
effectiveness of this surgical method for multilevel
stenosis have yet to be published in the literature.

The aim of this study was to compare clinical
outcomes of patients undergoing single-level lami-
nectomy for lumbar stenosis with patients undergo-
ing 3-or-more-level laminectomy alone for
multilevel stenosis. We hypothesized that despite
the potential for biomechanical instability based on
in vitro studies, the clinical outcomes between the 2

groups of patients would be similar with no
difference in the rate of revision surgery.

MATERIALS AND METHODS
Patient Sample

Following institutional review board approval, a
retrospective cohort analysis of consecutive patients
who underwent a primary lumbar decompression
for a diagnosis of LSS between January 2008 and
December 2015 was performed. Patients with
previously diagnosed lumbar scoliosis, defined by
a coronal Cobb angle of >10° who remained
indicated for decompression-only surgery based on
the judgment of the attending surgeon, were also
included. Similarly, patients with spondylolisthesis
that had less than 2 mm of translation on flexion
and extension lumbar radiographs were included for
analysis. The surgeries were performed by 1 of 2
senior orthopedic spine surgeons (H.S.A. and E.G.)
at an academic medical center. Indications for
surgery were radiculopathy and/or neurogenic
claudication after failure of an appropriate course
of conservative therapy. Patients received either a
single level or multiple levels of decompression
based on the distribution of their symptoms and the
degree of stenosis on cross-sectional imaging.
Patients were excluded from analysis if they were
under 18 years of age at the time of surgery, had
unstable or high-grade spondylolisthesis, had un-
dergone a previous lumbar surgical procedure, or
presented with an isolated herniated nucleus pulpo-
sus without underlying stenosis.

Surgical Procedure

Following induction of general anesthesia, all
patients were positioned prone on a Jackson spine
table, with neutral alignment of the lumbar spine.
All surgeons wore loupes and headlamps to improve
visualization during the decompression surgery. The
surgical procedures were carried out using a
standard posterior approach to the lumbar spine.
Cephalad and caudal dissection was performed
subperiosteally and did not extend beyond the
midpoint of the spinous process of the supra- and
subjacent vertebrae. Spinous processes of the
necessary levels were completely removed. The
laminae of the affected levels were initially thinned
with a rongeur and high-powered burr. Laminecto-
my was subsequently performed with a Kerrison
rongeur (Figure 1). Caution was taken not to extend
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Figure 1. Multiple level lumbar decompression with completion of spinous
processes and lamina removal from pathologic levels. A foraminotomy is being
performed by following the nerve root into the foramen with the Kerrison
rongeur. Final visualization should ensure that all affected nerve roots are free
and mobile.

laminectomy wide at the pars interarticularis,
attempting to preserve at least 6-7 mm of bone at
the pars bilaterally. Depending on the severity of
disease, a medial facetectomy was performed to
ensure adequate decompression at pathologic re-
gions. This facetectomy was performed with a
Kerrison rongeur, with caution taken to avoid
causing a defect in the pars. As typically there is

no significant nerve root impingement at the pars,
the laminectomy was purposefully narrower at the
pars level and wider at the facet joints. If necessary,
foraminotomies were then performed to adequately
visualize exiting nerve roots at the symptomatic
levels. The laminectomy was narrower in the more
cephalad levels, as the pars is more medial than the
caudal levels. If extruded disc fragments were
observed, they were removed. Final visualization
ensured that the affected nerve roots were free and
mobile.

Demographic and Outcome Measurements

Demographic information was collected for all
patients based on comprehensive chart review,
including age (years), sex, body mass index (BMI;
kg/m?), diabetes, smoking status, and American
Society of Anesthesiologists (ASA) physical status
score. Patient-reported outcomes were obtained in
the form of ODI scores, VAS scores for the back
and leg, 12-Item Short Form Mental and Physical
Survey (SF-12) scores, and the Veterans Rand 12-
Item Health Mental and Physical Survey (VR-12)
scores. Reoperation rates were collected along with
providing patients postoperative questionnaires that
inquired about their satisfaction and expectations
regarding their surgery. Questionnaires specifically
asked if the patients’ expectations were unmatched,
matched, or exceeded and if patients were satisfied
or not satisfied.

Statistical Analysis

Analysis was conducted using Stata version 13.1
(StataCorp LP, College Station, TX). The level of
significance was set at P < .05. Baseline patient
characteristics were compared using chi-square
analysis and independent-sample ¢ tests for categor-
ical and continuous data, respectively. Bivariate and
multivariate regressions were subsequently used to
compare clinical outcomes between procedure
groups, with linear regressions used for continuous
outcome scores and logistic regressions used for
binary outcomes. Multivariate analyses controlled
for any differences in baseline patient characteristics.

RESULTS

A total of 138 patients met criteria for inclusion,
with 106 undergoing a single-level decompression
and 32 (23.2%) undergoing 3 or more levels of
decompression. The mean age of all patients was
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Table 1. Demographics.

One Level 3+ Levels All Patients P Value®
Overall 106 32 138
Age, mean = SD 48.7 = 16.4 67.9 £ 8.7 54.3 = 16.3 <0.001
Female sex, % 36.79 31.25 34.43 0.765
BMI, mean = SD 28.7 £ 6.8 315+ 74 29.5 £ 6.5 0.091
Smoking, % 6.60 12.50 8.02 0.560
Diabetes, % 11.32 37.50 15.57 0.001
ASA >3, % 19.81 59.38 27.83 <0.001
HNP, % 84.91 52.70 9.38 <0.001
CCI, mean = SD 1.89 = 0.29 3.15 = 0.46 2.28 = 0.26 <0.001

Abbreviations: ASA, American Society of Anesthesiologists score; BMI, body mass index; CCI, Charlson Comorbidity Index; HNP, herniated nucleus pulposus.

“Boldface values indicate statistical significance.

54.3 * 16.3 years (mean = SD). Mean follow-up
was 24.2 months (range 12-78 months). Patients
who underwent decompression of 3 or more levels
were significantly older (67.9 = 8.7 versus 48.7 *
16.4 years, P < .001) (Table 1). The multilevel
decompression cohort also had a significantly
greater percentage of patients with diabetes mellitus
(37.50% versus 11.32% for 1 level, P=.001) and a
significantly greater percentage of patients with
ASA score of 3 or more (59.83% versus 19.81%
for 1 level, P < .001). There were no statistical
differences between the 2 groups in regard to sex,
BMI, or smoking status. There were 41 patients
with scoliosis (29.7%) and 26 patients (18.8%) with
low-grade spondylolisthesis in the study sample.

Table 2. Comparing clinical outcomes.

On multivariate analysis, there were no signifi-
cant differences in any of the preoperative clinical
outcome measures between patients who underwent
3 or more levels of decompression and those who
underwent 1 level of decompression (Table 2).
Similarly, there were no significant differences in
any clinical outcome measures at the time of final
assessment between the groups, nor were there any
significant differences in the improvement of clinical
outcome scores from preoperative to the final
measure, as all patients showed improvement of
scores following surgery.

There was no difference in the likelihood for
reoperation following 3 or more levels of decom-
pression (6.45% versus 9.43% for single level, odds
ratio = 4.46, P = .234). Reoperations were most

Multivariate Analysis

One Level 3+ Levels All Patients Beta P Value
Preoperative, mean = SD
VAS back 73 +29 6.9 = 2.6 6.7 £ 3.0 —0.54 0.590
VAS leg 7.0 =28 51 *=34 6.1 £33 —2.02 0.066
ODI 49.6 = 17.6 40.7 £ 8.0 454 = 18.1 —8.03 0.117
SF-12 mental 534 = 10.2 542 = 4.6 53.7 = 8.9 2.56 0.664
SF-12 physical 334+ 114 30.4 = 14.7 348 = 11.5 5.97 0.411
VR-12 mental 53.9 = 10.6 53.7 £ 0.9 55.1 = 9.1 0.83 0.906
VR-12 physical 349 = 12.6 29.4 + 18.4 36.5 = 12.4 4.05 0.678
Final, mean + SD
VAS back 2.7 2.6 32 +27 32+28 0.75 0.390
VAS leg 22 +25 29 +35 2.7 3.0 0.18 0.849
ODI 22.3 £ 19.1 23.0 £ 19.8 24.6 = 19.7 —-2.21 0.689
SF-12 mental 52.5 = 11.1 53.9 £ 8.2 53.1 £ 9.6 1.99 0.700
SF-12 physical 38.7 = 13.8 33.5 = 12.3 38.6 = 13.0 —1.48 0.807
VR-12 mental 55.1 = 11.7 54.6 £ 7.6 555+ 104 1.28 0.830
VR-12 physical 41.8 £ 14.5 35.7 = 14.3 41.1 £ 13.6 —4.28 0.531
Change preoperative to final, mean = SD
VAS back 51 x34 4328 44 * 3.6 —1.60 0.197
VAS leg 52+ 38 32 +40 39 +45 —1.95 0.226
ODI 31.4 = 21.5 22.6 + 154 259 = 21.8 —6.56 0.346
SF-12 mental 2.1 £ 9.8 7.58 1.2 = 8.6 8.08 0.491
SF-12 physical —8.3 = 13.6 —6.95 -7.9 = 13.0 —2.94 0.867
VR-12 mental 0.5+ 11.1 6.58 0.2 9.1 5.52 0.660
VR-12 physical —10.5 = 144 —8.82 —8.8 £ 13.6 —2.46 0.890
Reoperation, % 9.43 6.45 7.62 4.46 0.234

Abbreviations: ODI, Oswestry Disability Index score; SF-12, 12-Item Short Form Mental and Physical Survey; VAS, visual analog scale score; VR-12, Veterans Rand 12-

Item Health Mental and Physical Survey.
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Table 3. Comparing binary clinical outcomes.

Three or More Levels

One Level, % 3+ Levels, % All Patients, % Odds Ratio P Value
Satisfied with outcome 87.50 100.00 92.21 0.11 0.126
Met or exceeded expectations 97.06 100.00 98.11 Omitted Omitted

often due to disc herniation at the previously
decompressed level or progression of degenerative
disk disease. Specifically, 4 single-level patients
(3.8%) and 2 of the 3-or-more-level patients
(6.2%) underwent a revision to a posterior spinal
fusion at the levels that were originally decom-
pressed at a mean of 24 months (single level: 22.1
months; 3+ levels: 25.4 months) after the original
surgery. Of these patients, 50% of both the single-
level cohort (N =2) and 3-level cohort (N=1) had a
low-grade spondylolisthesis at the operative level
prior to their index surgery. The revision surgeries
proceeded without complication, and all 6 patients
reported satisfaction with their clinical outcome at
6-month follow-up from the revision procedure.

DISCUSSION

Lower-extremity radiculopathy and neurogenic
claudication resulting from LSS have been shown to
be responsive to surgical intervention, but the ideal
procedural approach for multilevel stenosis remains
debated.®'”"” The present study is the largest to
date to analyze the relationship between clinical
outcomes and number of levels decompressed via a
stability-preserving laminectomy surgical technique
without fusion. There were no significant differences
in the final clinical outcome measures or the degree
of improvement in these measures for patients with
3 or more levels of laminectomy compared to
patients with single-level laminectomy across 7
widely utilized clinical assessment tools. There was
no difference in the change in outcomes across the
remaining 4 clinical assessment tools. Reoperation
rates were low, and there were no significant
differences in the likelihood for reoperation among
the cohorts. Although the findings presented are of
early to midterm clinical outcomes, a follow-up of
12-24 months has been suggested to be sufficient
capturing the ultimate change in clinical outcomes
following lumbar laminectomy and is consistent
with prior literature.’*?* In fact, Ayling et al*?
performed an analysis of lumbar laminectomy
clinical outcome data from the Canadian Spine
Outcomes and Research Network, finding that 12

months of follow-up is sufficient for capturing the
plateaued effect of surgery on VAS back and leg
scores (3 months), Disability Scale (12 months), and
Short Form-12 Mental Component (3 months) and
Short Form-12 Physical Component (3 months)
scores.

Our findings are consistent with those of Gunz-
burg et al,'® who suggested there was no association
between the number of levels decompressed and
clinical outcomes. They prospectively analyzed 36
patients undergoing a conservative decompression
surgery for LSS with a minimum of 1-year follow-
up and found no differences in the preoperative,
postoperative, or change in patient reported out-
come measures between patients who underwent
single-level decompression and those who under-
went 2 or more levels of decompression. In the
study, Gunzburg et al utilize a conservative surgical
technique in which spinous process osteotomies
were performed, with the processes being retracted
to 1 side while the paraspinal musculature remains
largely intact. This is in contrast to the traditional
method of lumbar decompression, in which the
paraspinal musculature is violated bilaterally and
the spinous processes are removed from the field
altogether.”> The authors hypothesized that the
reduction in iatrogenic instability, following their
soft tissue and spinous process preserving technique,
may have explained the lack of differences in
patient-reported outcomes between the 2 groups.
Despite the differences in our surgical technique, we
had similar findings. We hypothesize that an
emphasis on preserving the integrity of the facet
joints, while still performing adequate decompres-
sion, may explain the lack of iatrogenic instability
and similar outcomes.

In contrast, Adilay and Guclu®* suggested that
patients undergoing multilevel laminectomy alone
for lumbar stenosis are likely to experience worse
clinical outcomes compared to those undergoing
single-level laminectomy. They compared 48 pa-
tients undergoing single-level laminectomy with 64
patients undergoing multiple levels of laminectomy
with a minimum follow-up of 30 months and found
that the multilevel cohort experienced worse post-
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operative ODI scores, VAS scores, and walking
duration score. Furthermore, patients in the multi-
level cohort were significantly more likely to
experience subsequent spondylolisthesis and to
undergo reoperation in the form of instrumented
fusion. This latter finding may reflect that a more
aggressive decompression was performed, contrib-
uting to iatrogenic instability and an increased
likelihood of subsequent surgery.

Clearly, attention to surgical technique is critical
for the optimal treatment of patients with lumbar
stenosis. The degree of stability following decom-
pression is thought to be dependent on the extent of
the resection of bony and ligamentous structures,
the loading forces applied to the involved seg-
ment(s), the condition of the intervertebral disc, and
the global mobility of the spine. Previous biome-
chanical and radiological research has long suggest-
ed that range of motion of affected spinal segments
increases as more posterior structures are violat-
ed.”>?7 In their original study of 12 human
cadaveric units, Abumi et al*® found that single-
level unilateral and bilateral medial facetectomy and
unilateral and bilateral total facetectomies were
associated with stepwise increases in the degree of
flexion, extension, axial rotation, and lateral bend-
ing of the affected segment. In a similar study using
a computer-generated spine model, Zander et al*’
found that spinal column range of motion increases
during forward flexion following single-level lami-
nectomy with bilateral facetectomies and during
standing and axial loading following 2-level lami-
nectomy with facetectomies. Cardoso et al*> ana-
lyzed the effect of 1-, 2-, and 3-level laminectomies
with bilateral facetectomy and instrumented fusion
on the range of motion of adjacent segments in a
human cadaveric model and suggested that the
range of axial rotation, lateral bending, and flexion-
extension at the adjacent segment each increased
significantly as the number of levels decompressed
increased. However, no correlation could be made
between this increase in range of motion and
adverse clinical outcomes. Although valuable in
hypothesis generation and in vitro understanding,
the clinical significance of these studies has re-
mained unclear, as cadaveric analysis cannot
account for all stabilizing factors, and radiological
findings have been shown to correlate poorly with
symptomatology.”®?

If the surgeon is concerned about instability
resulting from the decompression, an instrumented

fusion can be performed in addition to the
laminectomy. Bisschop et al*® performed a cadav-
eric analysis on single-level laminectomy with
instrumented fusion. Their results showed a de-
crease in range of flexion/extension, lateral bending,
and axial rotation each by 60%—-74% at the affected
segment and decreased range of lateral bending of
the adjacent segment by 13%. This was compared to
single-level facet-sparing laminectomy without fu-
sion, where there was an increase in the range of
flexion/extension, lateral bending, and axial rotation
each by 7%—12% at the affected segment.’' To
assess clinical outcomes of fusion compared to
nonfusion surgery for stenosis, Katz et al** per-
formed a retrospective cohort analysis of 272
patients with single-level degenerative stenosis
following either laminectomy alone, laminectomy
plus noninstrumented fusion, or laminectomy plus
instrumented fusion and found no significant
differences among the cohorts using several out-
come assessments.

Despite the promising nature of the aforemen-
tioned studies, there are a number of disadvantages
associated with the use of posterior instrumentation.
Implant-related complications have been well stud-
ied and include infection, pseudarthrosis, nerve
injury, increased blood loss during surgery with
potential for transfusion, extended time of surgery,
and instrumentation failure.'" ' Instrumented fu-
sion also significantly increases the cost of surgery,
and early reoperations are more common after
laminectomy plus instrumented fusion when com-
pared to laminectomy alone.**>° There is also
concern regarding the relationship between spinal
fusion and development of adjacent segment dis-
ease. The pathogenesis of ASD is not well under-
stood, but leading hypotheses attest that ASD is a
result of the progression of the degeneration to
segments other than those primarily affected or that
instrumentation may adversely affect the stability of
the adjacent levels with subsequent acceleration in
degeneration.'**® Regardless, literature describes
that the instrumented fusion may be an independent
risk factor for the development of ASD, with
estimated reoperation rates for ASD as high
22.2% at 10 years postoperatively.’’ Given these
potential disadvantages, there is growing interest in
the feasibility of decompressive laminectomy alone
and the clinical outcomes following this procedure.
In contrast to the majority of prior in vitro research
and the limited and conflicting body of in vivo
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research, our generally positive clinical findings
following decompression without fusion are likely
explained by our intraoperative preservation of the
entirety of the bilateral facet joints while providing
enough decompression to result in symptomatic
benefit.

The present study does have limitations. Prior to
surgery, all patients underwent conservative man-
agement including physical therapy and use of anti-
inflammatory medications. However, there was
heterogeneity in the type and length of therapy that
we could not account for. Although these data
feature the largest cohort of patients undergoing
decompressive laminectomy alone, at 3 or more
levels, the number of patients undergoing 3 or more
levels of decompression was considerably smaller
than the number undergoing single-level decom-
pression. This inevitably decreased the power of our
statistical analysis, and we were unable to adequate-
ly analyze whether group was equally likely to have
their expectations met by the surgery. In addition,
there were several baseline differences in demo-
graphics between the cohorts, with the 3-or-more-
level cohort having an older mean age, a greater
percentage of patients with diabetes, and a greater
percentage of patients with ASA score of 3 or more
when compared to the single-level cohort. However,
these differences may actually strengthen our
conclusions, as older patients have typically been
considered more likely to have instability and to be
better candidates for fusion.'” Finally, these data
reflect the work of only 2 surgeons, and clinical
outcomes may reflect nuances in their surgical
approach that were not necessarily accounted for
by our multivariate analysis.

CONCLUSIONS

Although cadaveric and radiological studies have
raised concern for instability, patients undergoing
decompressive laminectomy without fusion at 3 or
more levels experience similar postoperative and
improved clinical outcome measures compared to
patients undergoing a single-level decompression
surgery. Future research should explore clinical
outcomes following laminectomy alone compared to
laminectomy plus fusion for patients with multilevel
degenerative stenosis. Given the appropriate clinical
scenario, a multilevel decompression without fusion
appears to be a safe and effective procedure with
acceptable outcomes at an average of 2 years after
surgery.
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