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ABSTRACT

BACKGROUND

In patients with lumbar spinal stenosis and degenerative spondylolisthesis, it is
uncertain whether decompression surgery alone is noninferior to decompression
with instrumented fusion.

METHODS

We conducted an open-label, multicenter, noninferiority trial involving patients with
symptomatic lumbar stenosis that had not responded to conservative management
and who had single-level spondylolisthesis of 3 mm or more. Patients were ran-
domly assigned in a 1:1 ratio to undergo decompression surgery (decompression-
alone group) or decompression surgery with instrumented fusion (fusion group).
The primary outcome was a reduction of at least 30% in the score on the Oswestry
Disability Index (ODI; range, 0 to 100, with higher scores indicating more impair-
ment) during the 2 years after surgery, with a noninferiority margin of —15 per-
centage points. Secondary outcomes included the mean change in the ODI score
as well as scores on the Zurich Claudication Questionnaire, leg and back pain, the
duration of surgery and length of hospital stay, and reoperation within 2 years.
RESULTS

The mean age of patients was approximately 66 years. Approximately 75% of the
patients had leg pain for more than a year, and more than 80% had back pain for
more than a year. The mean change from baseline to 2 years in the ODI score was
—20.6 in the decompression-alone group and —-21.3 in the fusion group (mean dif-
ference, 0.7; 95% confidence interval [CI], —2.8 to 4.3). In the modified intention-
to-treat analysis, 95 of 133 patients (71.4%) in the decompression-alone group and
94 of 129 patients (72.9%) in the fusion group had a reduction of at least 30% in
the ODI score (difference, —1.4 percentage points; 95% CI, =12.2 to 9.4), showing
the noninferiority of decompression alone. In the per-protocol analysis, 80 of 106
patients (75.5%) and 83 of 110 patients (75.5%), respectively, had a reduction of at
least 30% in the ODI score (difference, 0.0 percentage points; 95% CI, —11.4 to
11.4), showing noninferiority. The results for the secondary outcomes were gener-
ally in the same direction as those for the primary outcome. Successful fusion was
achieved with certainty in 86 of 100 patients (86.0%) who had imaging available
at 2 years. Reoperation was performed in 15 of 120 patients (12.5%) in the decom-
pression-alone group and in 11 of 121 patients (9.1%) in the fusion group.
CONCLUSIONS

In this trial involving patients who underwent surgery for degenerative lumbar
spondylolisthesis, most of whom had symptoms for more than a year, decompres-
sion alone was noninferior to decompression with instrumented fusion over a period
of 2 years. Reoperation occurred somewhat more often in the decompression-
alone group than in the fusion group. (NORDSTEN-DS ClinicalTrials.gov number,
NCT02051374.)
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DECOMPRESSION IN DEGENERATIVE LUMBAR SPONDYLOLISTHESIS

EGENERATIVE SPONDYLOLISTHESIS IS
a condition in which one vertebra has
slipped forward in relation to the next
lower vertebra. Patients, usually older than 60 years
of age, typically have leg and back pain and re-
stricted function due to lumbar spinal stenosis
caused by spondylolisthesis, disc bulging, and
ligamentous and facet hypertrophy.! Surgical
treatment is often recommended in patients whose
pain has not decreased with conservative man-
agement.>* In the past few decades, instrumented
fusion (the use of screws, rods, plates, or other
apparatus to assist in achieving fusion between
vertebral bodies by bone grafts) in addition to de-
compression of the lumbar canal has been widely
used to treat lumbar spondylolisthesis and ac-
counts for more than 90% of decompression sur-
geries in some countries.** In the United States,
the hospital costs of lumbar instrumented fusion
procedures were estimated at $13 billion in 2011,
higher than for any other surgical procedure, such
as knee and hip arthroplasty and percutaneous
coronary angioplasty.® Degenerative spondylolis-
thesis accounts for the largest proportion of these
procedures, and the number of surgeries for this
condition more than doubled from 2004 to 2015.%”
Nevertheless, there is a large variation in prac-
tice, and in some countries approximately 50%
of patients undergo decompression surgery with-
out fusion.® Instead of laminectomy, which was
the original method of decompression, less in-
vasive procedures that preserve the integrity of
stabilizing structures of the spine are now com-
monly used.>!°
Two randomized, controlled trials that were
published in the Journal in 2016 investigated the
benefit of adding fusion to decompression in
patients with lumbar spondylolisthesis.'**? The
conclusions of the trials diverged, but an editorial
that summarized the results suggested that fusion
does not add value for this patient group.” There
has been debate about the interpretation of these
two trials because of different entry criteria,*?
equivocal conclusions from subsequent meta-
analyses and systematic reviews,'*?® and requests
for further high-quality studies.”®* In the Nor-
wegian Degenerative Spondylolisthesis and Spi-
nal Stenosis (NORDSTEN-DS) trial, we investigated
whether decompression surgery was noninferior
to decompression surgery with instrumented fu-
sion in patients who have spinal stenosis with
degenerative spondylolisthesis.

METHODS

TRIAL DESIGN AND OVERSIGHT

The NORDSTEN-DS trial is an investigator-initi-
ated, multicenter, randomized, open-label, parallel-
group, noninferiority®! trial. The Regional Com-
mittee for Medical and Health Research Ethics of
Central Norway approved the trial (project iden-
tifier 2013/366). The trial was independently mon-
itored in accordance with a modified model of
the International Council for Harmonisation
guidelines for Good Clinical Practice.” Informa-
tion about monitoring and patient involvement is
provided in Section 3 in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org. The trial is reported according to
the recommendations of Consolidated Standards
of Reporting Trials.” The initial draft of the manu-
script was written by the first, third, and last au-
thors, who had full access to all data. The analy-
ses were conducted by the third author, who was
unaware of the treatment-group assignments. All
the authors vouch for the completeness and ac-
curacy of the data and for the fidelity of the trial
to the protocol. The trial protocol* and the sta-
tistical analysis plan® have been published pre-
viously and are available at NEJM.org.

When 150 of the trial patients had completed
their 1-year assessment, a third-party statistician,
who was unaware of the treatment-group assign-
ments, performed an interim analysis for safety
and efficacy according to the protocol.** Permis-
sion to continue the trial, and no other results,
was disclosed to the research group on February
28, 2017.

TRIAL POPULATION

Eligible patients were 18 to 80 years of age with
neurogenic claudication or radicular radiating pain
in the lower limbs that had not responded to at
least 3 months of conservative care. Patients had
to have radiographic evidence of spinal stenosis
verified by magnetic resonance imaging (MRI)
and have degenerative spondylolisthesis solely at
the stenotic level of at least 3 mm verified by
standing plain radiographs obtained in the lateral
view. Patients were included regardless of the
grade of slippage above 3 mm and regardless of
the result of the flexion—extension radiographs
to detect dynamic slippage of vertebral bodies.
Patients were not to be included if they had fo-
raminal stenosis of grade 3 (i.e., a deformed nerve
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2147 Patients referred for spinal stenosis
were screened for spondylolisthesis

1409 Were excluded

1328 Had spinal stenosis without spondylolisthesis
81 Had no information regarding spondylolisthesis

738 Patients were assessed for eligibility
in the trial

471 Were excluded
108 Declined to participate in trial
86 Opted for nonsurgical treatment
70 Had distinct symptoms in one or both legs due to other
diseases
63 Had spondylolisthesis at more than one level
40 Had foraminal stenosis of grade 3 verified on MRI
27 Were older than 80 yr of age
26 Had fracture or former fusion of the thoracolumbar region
26 Had previous surgery at the level of spondylolisthesis

15 Had isthmic defect in pars interarticularis
15 Were unable to fully adhere to the protocol
14 Had lumbosacral scoliosis of >20 degrees
9 Had ODI score of <25
6 Had stenosis in more than three levels
5 Did not understand Norwegian language
3 Had cauda equina syndrome or fixed complete motor deficit
36 Had other reasons for being excluded

267 Underwent randomization

'

'

134 Were assigned to undergo
decompression surgery

133 Were assigned to undergo decompression
surgery with instrumented fusion

1 Was excluded owing to not
undergoing surgery in
accordance with randomization

4 Were excluded
3 Did not undergo surgery
in accordance with
randomization
1 Withdrew consent

133 Were included in the modified
intention-to-treat population

129 Were included in the modified
intention-to-treat population

!

'

130 Had data available at 3-mo follow-up
3 Were lost to follow-up

125 Had data available at 3-mo follow-up
4 Were lost to follow-up

'

'

125 Had data available at 1-yr follow-up
8 Were lost to follow-up

126 Had data available at 1-yr follow-up
3 Were lost to follow-up

'

'

119 Had data available at 2-yr follow-up
12 Were lost to follow-up
2 Died

121 Had data available at 2-yr follow-up
7 Were lost to follow-up
1 Died

13 Were excluded owing to
having major deviations
from protocol

11 Were excluded owing to
having major deviations
from protocol

106 Were included in the per-protocol population

110 Were included in the per-protocol population
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Figure 1 (facing page). Screening, Randomization,
and Follow-up of the Trial Patients.

Patients who were referred with the diagnosis of lum-
bar spinal stenosis were screened for the presence of
spondylolisthesis, which was an inclusion criterion. The
738 patients who were assessed for eligibility in the trial
could be excluded for more than one reason. The diag-
nosis of foraminal stenosis of grade 3 was made accord-
ing to the classification of Lee et al.?® From April 15, 2014
(the start of inclusion), to August 29, 2015, a score of
less than 25 on the Oswestry Disability Index (ODI)
was an exclusion criterion (see amendments to the
statistical analysis plan, available with the protocol at
NEJM.org). The modified intention-to-treat population
consisted of all the patients who received the trial treat-
ment in accordance with the randomization assignment
and had available data after randomization. The three
deaths (two in the decompression-alone group and 1 in
the fusion group) were not related to participation in
the trial. The per-protocol population consisted of all
the patients in the modified intention-to-treat popula-
tion who did not undergo reoperation during the fol-
low-up period and who had available data on the pri-
mary outcome. MRI denotes magnetic resonance
imaging.

root in the intervertebral foramen) on MRI, ac-
cording to the classification of Lee et al.?®; had
previous surgery at the level of spondylolisthesis;
or had a former fracture or fusion surgery in the
thoracolumbar region. Patients were referred to
public orthopedic and neurosurgical clinics and
screened for eligibility by surgeons involved in
performing the trial operations. Patients who
opted to undergo surgery and who fulfilled the
eligibility criteria received written and spoken in-
formation about the trial. Those who were willing
to take part in the trial provided written informed
consent before randomization. Information about
the surgical departments and their contribution to
the enrollment of patients is provided in Section 2
in the Supplementary Appendix.

Patients were randomly assigned in a 1:1 ratio
to undergo decompression surgery alone or de-
compression surgery with instrumented fusion.
Randomization was performed within the Med-
Insight database hosted by the Clinical Trial Unit
at Oslo University Hospital (OUS). The sequence
was concealed from the investigators, computer-
generated, and stratified according to center with
the use of permuted blocks. The block sizes var-
ied randomly between four patients and six pa-
tients. Information on block size, generation of
the randomization sequence, and treatment as-
signments was unavailable to the investigators.

The trial coordinating center at the Research and
Communication Unit for Musculoskeletal Health
at OUS emailed output information from MedIn-
sight regarding treatment assignments to local
trial coordinators who documented the assign-
ments in the patients’ records and informed the
surgeons.

INTERVENTIONS

For patients who were assigned to undergo decom-
pression without fusion (decompression-alone
group), a posterior decompression that preserved
the midline structures (supraspinous—interspinous
ligament complex) was used. The approach could
be bilateral, ipsilateral, or ipsilateral with cross-
over to the contralateral side. For patients who
were assigned to undergo decompression with
instrumented fusion (fusion group), an optional
technique for posterior decompression (with or
without preservation of midline structures) was
used, followed by implantation of pedicle screws
with rods and bone grafting across the level of
spondylolisthesis, with optional use of an inter-
vertebral fusion device. The selection of implants
was at the discretion of the surgeons. All partici-
pating surgeons routinely performed the proce-
dures used in the trial. Microsurgical decompres-
sion (i.e., the use of a microscope or magnifying
glasses during decompression) was recommended
in both treatment groups. Fusion after 2 years
was independently evaluated on computed tomog-
raphy by two experienced surgeons (the first and
eighth authors) and one experienced radiologist
(the twelfth author). A conclusion of fusion or not
was based on majority ratings.

At admission for surgery, patients completed
questionnaires on demographic characteristics,
coexisting conditions, and patient-reported out-
come measurements. The local trial coordinators
collected this information and registered com-
plications during the hospital stay. The surgeons
recorded data on diagnosis and treatment. The
coordinating center distributed patient follow-up
forms for outcomes, which were returned to local
trial coordinators at follow-up visits at 3 months
and 2 years and by mail to the coordinating
center at 1 year. The data were entered into the
MedInsight database by the coordinating center,
stored at the Clinical Trial Unit at OUS, and were
inaccessible to the research group until February
5, 2020. Details of the data storage and the date
on which the data were made available to the
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Table 1. Characteristics of the Patients at Baseline (Modified Intention-to-Treat Population).*

=3 Yr of higher education — no./total no. (%)
Married or has domestic partner — no./total no. (%)

Smoker — no./total no. (%)

ASA score — no./total no. (%)§

Coexisting conditions — no. (%)

Decompression-

30/129 (23.3)
91/129 (70.5)
24/130 (18.5)

Alone Group Fusion Group
Characteristic (N=133) (N=129)
Age —yr 66.0+7.4 66.5+7.9
Female sex — no. (%) 92 (69.2) 88 (68.2)

36/125 (28.8)
99/127 (78.0)
21/127 (16.5)

Body-mass indext 27.7+4.4 27.9+4.3
Previous surgery — no./total no. (%) 4/130 (3.1) 4/127 (3.1)
Leg pain for >1 yr — no./total no. (%) 91/125 (72.8) 95/127 (74.8)
Back pain for >1 yr — no./total no. (%) 107/130 (82.3) 112/129 (86.8)
Use of analgesics — no./total no. (%) 103/130 (79.2) 107/126 (84.9)

1 16/129 (12.4) 11/124 (8.9)
2 97/129 (75.2) 88/124 (71.0)
3 16/129 (12.4) 25/124 (20.2)

Hypertension 46 (34.6) 44 (34.1)
Diabetes 9 (6.8) 9 (7.0)
Cardiovascular disease 23 (17.3) 26 (20.2)
Lung disease 13 (9.8) 10 (7.8)
Rheumatoid disease 5(3.8) 8 (6.2)
Anxiety or depression 6 (4.5) 7 (5.4)
Other musculoskeletal diseases 3(9.8) 11 (8.5)
HSCL-25 score 1.6+0.4 1.6+0.4
ODI score| 39.3+14.0 39.4£12.4
Score on ZCQ for symptom severity** 3.3+0.6 3.4+0.6
Score on ZCQ for physical functioni 2.5+0.5 2.5+0.5
Score on NRS for leg painii: 6.7+2.1 6.7£1.8
Score on NRS for back painii 6.7+2.0 6.6+2.0
EQ-5D-3L scoreff 0.4+0.3 0.4+0.3

Plus—minus values are means +SD. Patients were randomly assigned to undergo decompression surgery (decompres-
sion-alone group) or decompression surgery with instrumented fusion (fusion group). The modified intention-to-treat
population consisted of all the participants who received the trial treatment in accordance with the randomization
assignment and had available data after randomization. Percentages may not total 100 because of rounding.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Shown are patients with previous lumbar spine surgery but not at the level of spondylolisthesis.

An American Society of Anesthesiologists (ASA) score of 1 indicates no disease, 2 mild systemic disease, and 3 se-
vere systemic disease that is not life-threatening.

The 25-item Hopkins Symptom Checklist (HSCL-25) is a patient-administered questionnaire for the assessment of
symptoms of anxiety and depression. Scores range from 1 to 4, with lower scores indicating less severe symptoms.
Scores on the Oswestry Disability Index (ODI) range from 0 to 100, with higher scores indicating more severe disabil-

ity.

* Scores on the Zurich Claudication Questionnaire (ZCQ) for the assessment of symptom severity range from 1 to 5,

with lower scores indicating less symptom severity.

TT Scores on the ZCQ for the assessment of physical function range from 1 to 5, with lower scores indicating less im-

pairment.

i1 Scores on the Numerical Rating Scale (NRS) for leg pain and for back pain range from 0 to 10, with lower scores indi-

cating less pain.

The 3-level version of the EuroQol Group 5-Dimension (EQ-5D-3L) questionnaire is a generic instrument to evalu-
ate health-related quality of life that includes the domains of mobility, self-care, usual activity, pain or discomfort,

and anxiety or depression. Scores range from -0.59 to 1.0, with higher scores indicating better health-related quality

of life.
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Population Fusion Group

Modified intention-to-treat population 94/129 (72.9)
with multiple imputation
83/110 (75.5)

87/119 (73.1)

Per-protocol population

Modified intention-to-treat population
with complete cases

Modified intention-to-treat population with 91/126 (72.2)
imputation of missing data at 2 yr

Intention-to-treat population with multiple
imputation

97/132 (73.5)

Decompression-Alone

Group Difference in Percentage Points (95% Cl)
no. of patients/total no. (%)

Noninferiority margin

95/133 (71.4) e H—
80/106 (75.5) D ———
86/117 (73.5) D —
90/125 (72.0) | —
94/134 (70.1) ——
T T ; T : T T 1
-30  -20-15-10 0 10 20 30
Fusion Decompression Alone
Better Better

~1.4 (-12.2 t0 9.4)

0.0 (-11.4 to 11.4)
0.4 (-10.8 to 11.6)

-0.2 (-11.2 t0 10.8)

-3.3 (-14.0 to 7.5)

Figure 2. Results of the Primary Outcome.

The number of patients refers to the number who had a reduction of at least 30% in the score on the Oswestry Disability Index (range,
0 to 100, with higher scores indicating more impairment) from baseline to 2-year follow-up (primary outcome). The between-group dif-
ferences and 95% confidence intervals (Cls) were calculated as decompression alone minus decompression with instrumented fusion.
The modified intention-to-treat population consisted of all the patients who received the trial treatment in accordance with the random-
ization assignment and had available data after randomization. Multiple imputation was performed if data were missing at baseline

(4 patients) or at the 2-year follow-up (22 patients). The per-protocol population consisted of all the patients in the modified intention-
to-treat population who did not undergo reoperation during the follow-up period and who had available data on the primary outcome.
Patients in the modified intention-to-treat population with complete cases had available data on the primary outcome. For patients in
the modified intention-to-treat population with imputation of missing data at 2 years, the missing values were replaced by the values at
1 year, when available. A post hoc analysis in the intention-to-treat population included all the patients who underwent randomization,
apart from 1 patient who had withdrawn consent before the operation.

research group are provided in Section 5.1 in the
Supplementary Appendix. Details regarding im-
aging assessments are provided in Section 5.3 in
the Supplementary Appendix.

OUTCOMES
The primary outcome was a reduction in the score
on the Oswestry Disability Index (ODI),” version
2.0, of 30% or greater from baseline to 2-year
follow-up.?®?° This index comprises 10 questions
with a total score ranging from 0 (no impairment)
to 100 (maximum impairment) and has been used
and validated for the assessment of treatment
outcomes in patients with lumbar degenerative
spondylolisthesis.*® The primary outcome was as-
sessed for noninferiority of decompression alone
by 15 percentage points, as described in the
Statistical Analysis section. The mean change in
the ODI score was a secondary outcome. Other
secondary outcomes were the scores on the Zurich
Claudication Questionnaire (ZCQ),** which assess-
es symptom severity (range, 1 to 5, with lower
scores indicating less severity), functional impair-
ment (range, 1 to 5, with lower scores indicating
less impairment), and satisfaction with treatment

(range, 1 to 4, with lower scores indicating higher
satisfaction); scores on the Numeric Rating Scale
(NRS) for leg pain and for back pain (range, 0 to
10, with lower scores indicating less pain), which
assessed pain experienced during the past week®?;
and the score on the 3-level version of the EuroQol
Group 5-Dimension (EQ-5D-3L) questionnaire
(range, —0.59 to 1.0, with higher scores indicat-
ing better quality of life).?® The questionnaires
have been translated and validated for a Norwegian
population; further information is provided in Sec-
tion 5.2 in the Supplementary Appendix.

The duration of surgery and length of hospital
stay were recorded in order to indicate the use of
resources. The incidences of complications and
reoperations and the percentage of patients who
responded that their condition was “much worse”
or “worse than ever” on the Global Perceived
Effect scale>* (7-point Likert scale) were used to
evaluate safety and patient-reported deterioration
in their condition.

STATISTICAL ANALYSIS
The null hypothesis was that the percentage of
patients who had a reduction of at least 30% in
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the ODI score (i.e., had a clinically important
improvement in functioning) would be at least
15 percentage points lower in the decompres-
sion-alone group than in the fusion group. This
margin was based on information that decom-
pression alone has some advantages over decom-
pression with instrumented fusion (less complex,
less invasive, cheaper, and possibly safer)>® that
would justify an “acceptable” loss of efficacy. The
margin of —15 percentage points corresponds to a
number needed to benefit with fusion of 7 (num-
ber needed to treat, 1+0.15=6.67)*® — that is, at
least 7 patients would need instrumented fusion
for 1 additional patient to have a clinically im-
portant improvement in functioning. To reject
the null hypothesis and show the noninferiority
of decompression alone, the participation of 232
patients was required to be 80% certain (i.e.,
power of 80%) that the lower limit of a 95% two-
sided confidence interval would exclude a differ-
ence in the frequency of a clinically important
improvement in functioning of more than 15 per-
centage points.*” To account for a possible drop-
out rate of 10%, 128 patients were required in
each group.

The main analysis was conducted in the modi-
fied intention-to-treat population, which consisted
of all the patients who received the trial treatment
in accordance with the randomization assign-
ment and had available data after randomization.
For the modified intention-to-treat analyses, miss-
ing data on the primary and secondary outcomes
were imputed with the use of 50 imputations by
chained equations. A list of the 29 variables that
were used in the imputation model and other
details pertaining to the imputations are provided
in Section 5.4.1 in the Supplementary Appendix.
The per-protocol population consisted of all the
patients in the modified intention-to-treat popu-
lation who did not undergo reoperation during
the follow-up period and had available data on
the primary outcome. To declare noninferiority
of decompression alone, noninferiority was to be
shown for the primary outcome in both the
modified intention-to-treat population with mul-
tiple imputation of missing data and in the per-
protocol population. Three sensitivity analyses
were performed: one in the modified intention-
to-treat population with complete cases (without
imputation for missing data); one in which miss-
ing values at 2 years were replaced by values at
1 year, when available; and a post hoc intention-

to-treat analysis in which the sample was defined
by all the patients who underwent randomization,
regardless of treatment adherence. Analyses of
the percentage of patients with a clinically impor-
tant improvement from inclusion to 2 years after
surgery as assessed by the ZCQ, NRS for leg pain,
and NRS for back pain were performed.3!

The primary outcome and all categorical sec-
ondary outcomes were analyzed with the use of
Newcombe hybrid score confidence intervals.?®
We analyzed all repeated-measures continuous
outcomes (scores on the ODI, ZCQ, NRS for leg
pain, NRS for back pain, and EQ-5D-3L) with
linear mixed models. The models contained fixed
effects for treatment, time, interaction between
treatment and time, and trial center. Time was
modeled as piecewise linear with a knot at
3 months. A random intercept at the patient
level was used. On the basis of the fitted models,
we estimated mean values with 95% confidence
intervals at baseline (inclusion), 3 months, and
2 years after surgery and the change from base-
line to 2 years within each treatment group. We
also estimated the between-group difference (with
95% confidence interval) in change from baseline
to 2 years.

The mean between-group differences in the
duration of surgery and length of hospital stay
were analyzed with 95% confidence intervals
that were based on the t distribution with adjust-
ment for unequal variance. We assessed the as-
sumption of normally distributed data with vi-
sual inspection of histograms and descriptive
statistics. No major deviations from normality
were observed. There was no method for adjust-
ment of confidence intervals for multiple com-
parisons of secondary outcomes, and these results
are presented as point estimates with unadjusted
confidence intervals from which no definite con-
clusions can be made. The analyses were per-
formed with the use of Stata/SE software, ver-
sion 15.0 (StataCorp).

RESULTS

PATIENT CHARACTERISTICS

From February 12, 2014, to December 18, 2017,
a total of 267 patients from 16 surgical depart-
ments were enrolled; 134 were assigned to un-
dergo decompression alone and 133 to undergo
decompression with instrumented fusion, and
240 patients (89.9%) had available data at the
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Table 3. Additional Secondary Outcomes (Modified Intention-to-Treat Population).*

Outcome

Duration of surgery — minutes

Length of hospital stay — days

Clinically important improvement
As assessed by the ZCQ — no. (%)
As assessed by the NRS for leg pain — no. (%)§
As assessed by the NRS for back pain — no. (%)§

As assessed by the ODI, according to decompression
technique — no./total no. (%)9

Midline structures preserved
Midline structures not preserved
Complications
Incidental dural tear — no./total no. (%)
Blood loss during surgery — ml
Blood transfusion — no./total no. (%)
Surgery on the wrong side or level — no./total no. (%) |

Hematoma resulting in reoperation during hospital stay
— no./total no. (%)

Wound infection — no./total no. (%)
During hospital stay
From hospital discharge to 3 mo**
Cardiovascular complications — no./total no. (%)
During hospital stay
From hospital discharge to 3 mo
Venous thromboembolism — no./total no. (%)
During hospital stay
From hospital discharge to 3 mo
Urologic complication — no./total no. (%)
During hospital stayii
From hospital discharge to 3 mo§§
Respiratory complication — no./total no. (%)99
During hospital stay
From hospital discharge to 3 mo
Deterioration
Neurologic deterioration — no./total no. (%)
During hospital stay] |

From hospital dlscharge to 3 mo*

Substantial deterioration according to GPE scale
— no./total no. (%) it

Reoperation — no./total no. (%){{§

Decompression-
Alone Group
(N=133)

104+4
3.3+0.2

99 (74.4)
85 (63.9)
88 (66.2)

91/129 (70.5)
3/3 (100)

7/132 (5.3)
141x134
0/132
1/132 (0.8)
1/132 (0.8)

0/132
3/129 (2.3)

3/132 (2.3)
1/129 (0.8)

0/132
0/129

4/132 (3.0)
2/129 (1.6)

0/132
1/129 (0.8)

15/132 (11.4)
1/132 (
3/129 (

11/120 (

(

0.
2.
9.
7/119 (5.

1.
8
3
2
9

—_— = = =

15/120 (12.5)

Fusion Group
(N=129)

174+6
5.0+0.2

99 (76.7)
83 (64.3)
75 (58.1)

40/58 (69.0)
53/70 (75.7)

17/128 (13.3)
429278
4/128 (3.1)
1/128 (0.8)
1/128 (0.8)

0/128
6/125 (4.8)

0/128
0/125

0/128
0/125

6/128 (4.7)
5/125 (4.0)

2/128 (1.6)
0/125

24/128 (18.8)
2/128 (1.6)
7/125 (5.6)

15/121 (12.4)
6/120 (5.0)

11/121 (9.1)

Difference
(95% Cl)

70 (-84 to -55)
-1.8 (-2.4t0-1.2)

23 (-12.6 t0 8.1)
-0.4 (-11.9to 11.1)
8.0 (-3.7t019.5)

-8.0 (-15.5 t0 -0.9)
292 (-348 to -235)
-3.1(-7.8t00.3)

0 (-3.6 t0 3.5)

0 (-3.6t03.5)

0.0 (-2.9t0 2.8)
2.5 (-8.0t0 2.5)

23 (-1.0t06.5)
0.8 (-2.3 to 4.3)

0.0 (-2.9t0 2.8)
0.0 (-3.9t0 2.9)

-1.7 (-7.1t0 3.5)
25 (-7.6t02.1)

-1.6 (-5.5 to 1.5)
0.8 (-2.3 t0 4.3)

-7.4 (-16.2 to 1.4)
-0.8 (-4.8102.8)
-33(-9.0t0 1.9)
8 2( 11.3 to 4.8)
9 (-5.4107.2)

3.4 (-4.61011.5)
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Table 3. (Continued.)

Plus—minus values are means +SD. Confidence intervals for differences between groups were not adjusted for mul-

tiple comparisons, so no definite conclusions can be made from these data.
T  Between-group differences are in percentage points except for duration of surgery, length of hospital stay, and

blood loss during surgery.

i Adclinically important improvement was defined as meeting at least two of three predefined criteria at the 2-year
follow-up: a decrease from baseline in the score on the symptom-severity scale of 0.46 or more, a decrease from
baseline in the score on the physical-function scale of 0.42 or more, and a score on the patient-satisfaction scale

of 2.42 or less.!

§  The predefined criteria for a clinically important improvement were a decrease from baseline of 40% or more in the
score on the NRS for leg pain and a decrease from baseline of 33% or more in the score on the NRS for back pain,

both at 2-year follow-up.2

9  Adclinically important improvement was defined as a reduction in the ODI score of 30% or greater from baseline to

2-year follow-up.

| The frequency of surgeries on the wrong side or level was somewhat higher than that reported in the literature.

All 3 wound infections in the decompression-alone group were reported to be superficial. Of 6 wound infections in

the fusion group, 3 were reported to be superficial and 3 were deep (subfascial).
7T Of 3 cardiovascular complications during the hospital stay, 2 were reported to be atrial fibrillation and 1 an ische-
mic stroke. The cardiovascular complication from hospital discharge to 3 months was reported to be an ischemic

stroke.

i1 Of 4 urologic complications in the decompression-alone group, 2 were reported to be urinary retention and 2 were
not specified. Of 6 urologic complications in the fusion group, 3 were reported to be urinary retention and 3 were

not specified.

§§  The 2 urologic complications in the decompression-alone group were not specified. Of 5 urologic complications in
the fusion group, 1 was reported to be an upper urinary tract infection and 4 were not specified.

99 The 3 respiratory complications were reported to be pneumonia.

[ The 1 neurologic deterioration in the decompression-alone group was reported to be a sensory deficit. Of 2 neuro-
logic deteriorations in the fusion group, 1 was reported to be a motor deficit and 1 a combined sensory and motor

deficit.

Fedede

Of 3 neurologic deteriorations in the decompression-alone group, 1 was reported to be a sensory deficit, 1 a motor

deficit, and 1 a combined sensory and motor deficit. Of 7 neurologic deteriorations in the fusion group, 5 were re-
ported to be sensory deficits, 1 a motor deficit, and 1 a combined sensory and motor deficit.

717 Of 11 neurologic deteriorations in the decompression-alone group, 4 were reported to be sensory deficits, 4 motor
deficits, and 3 combined sensory and motor deficits. Of 15 neurologic deteriorations in the fusion group, 6 were
reported to be sensory deficits, 3 motor deficits, and 6 combined sensory and motor deficits.

Perceived Effect (GPE) scale (7-point Likert scale).

Shown are patients who responded that their condition was “much worse” or “worse than ever” on the Global

§§§ Shown are patients who underwent one or more subsequent operations from the time of the primary operation to

2-year follow-up.

2-year follow-up. Five patients were not included
in the modified intention-to-treat population:
1 withdrew consent before randomization, and
4 were not treated according to the randomiza-
tion assignment (Fig. 1). Of 46 patients who were
not included in the per-protocol population, 26
were excluded owing to a reoperation (15 patients
in the decompression-alone group and 11 in the
fusion group). Table 1 shows the demographic and
clinical characteristics of the patients at base-
line, which were similar in the two groups. Ap-
proximately 75% of the patients in each group
had had leg pain for more than a year, and more
than 80% in each group had had back pain for
more than a year. Table S3 in the Supplementary
Appendix shows surgical and imaging data, in-
cluding the assessment of fusion, which was
achieved with certainty in 86 of 100 patients
(86.0%) and was uncertain or absent in the re-
maining 14 patients (14.0%) with available im-

aging at 2 years. Figure S1 shows the distribution
of the observed scores on the continuous repeated
outcome measurements. The ODI scores were
imputed for 26 patients (15 in the decompression-
alone group and 11 in the fusion group) who had
missing data; of these patients, 4 had missing
data at baseline.

PRIMARY OUTCOME

In the modified intention-to-treat population,
95 of 133 patients (71.4%) in the decompression-
alone group and 94 of 129 patients (72.9%) in
the fusion group had a reduction of at least 30%
in the ODI score (difference, —1.4 percentage
points; 95% confidence interval [CI], —12.2 to 9.4).
In the per-protocol population, 80 of 106 pa-
tients (75.5%) and 83 of 110 patients (75.5%),
respectively, had a reduction of at least 30% in
the ODI score (difference, 0.0 percentage points;
95% CI, =11.4 to 11.4). For both analyses, the
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lower boundary of the 95% confidence interval
for the between-group difference was within the
noninferiority margin of —15 percentage points.
Results of sensitivity analyses of the primary out-
come, including the post hoc intention-to-treat
analysis, were generally in the same direction as
those of the primary analysis (Fig. 2).

SECONDARY OUTCOMES

Results of the secondary outcomes, with confi-
dence intervals that were not adjusted for mul-
tiple comparisons and from which no definite
conclusions can be drawn, are shown in Tables 2
and 3. The mean change in the ODI score from
baseline to 2-year follow-up was —20.6 in the de-
compression-alone group and —21.3 in the fusion
group (mean difference, 0.7; 95% CI, —2.8 to 4.3).
Similar small between-group differences in point
estimates of mean change were found for scores
on the ZCQ, NRS for leg pain, NRS for back pain,
and EQ-5D-3L. Results of analyses of the percent-
age of patients with a clinically important im-
provement from inclusion to 2 years after sur-
gery as assessed by the ZCQ, NRS for leg pain,
and NRS for back pain were generally in the same
direction as those of the analysis of the primary
outcome.

The mean duration of surgery was 104 min-
utes in the decompression-alone group and 174
minutes in the fusion group (mean difference,
—69 minutes; 95% CI, —83 to —56); the mean length
of hospital stay was 3.3 days and 5.0 days, respec-
tively (mean difference, —1.8 days; 95% CI, —2.4 to
—1.2); dural tears occurred in 7 of 132 patients
(5.3%) and 17 of 128 patients (13.3%) (difference,
—8.0 percentage points; 95% CI, —15.5 to —0.9);
and 7 of 119 patients (5.9%) and 6 of 120 patients
(5.0%) responded that their condition was “much
worse” or “worse than ever” on the Global Per-
ceived Effect scale (difference, 0.9 percentage
points; 95% CI, =5.4 to 7.2). Table S4 shows ad-
ditional responses on this scale. During the 2-year
follow-up period, reoperation was performed in
15 of 120 patients (12.5%) in the decompression-
alone group and in 11 of 121 patients (9.1%) in
the fusion group (difference, 3.4 percentage points;
95% CI, —4.6 to 11.5).

DISCUSSION

In this randomized trial involving 267 patients
with lumbar spinal stenosis and degenerative

spondylolisthesis, surgery with decompression was
noninferior to surgery with decompression and
instrumented fusion with respect to the percent-
age of patients who had a reduction of at least
30% in the ODI score at 2 years after surgery
within a margin of —15 percentage points. Re-
sults for secondary outcomes with respect to pain,
disability, symptom severity, functional status, and
satisfaction with treatment were generally in the
same direction as those for the primary outcome.

Two previous trials, both with a superiority de-
sign, have challenged the widespread use of in-
strumented fusion in the surgical treatment of
degenerative spondylolisthesis. Our results were
in accordance with the findings of one of these
trials, which involved 133 patients with spondy-
lolisthesis at one or two levels but did not in-
clude information about dynamic motion.!* The
second trial, which involved 66 patients with
single-level spondylolisthesis without dynamic
instability, showed less improvement in the physi-
cal-component summary score of the Medical
Outcomes Study 36-Item Short-Form Health Sur-
vey and more reoperations in the decompression-
alone group than in the fusion group.!? The entry
criteria and design of both trials differed from
those of our trial.

Spine surgeons may presume that slippage and
dynamic instability at the level of spondylolisthe-
sis are better treated with fusion.? In our trial,
approximately 20% of the patients had slippage
of at least 3 mm, or at least 10 degrees of angu-
lation, as assessed by dynamic standing radio-
graphs. Nevertheless, the incidence of reopera-
tion in our trial was lower than the incidence in
an aforementioned trial involving patients with
no instability.!> We hypothesize that these differ-
ences in outcomes may be the result of differ-
ences in follow-up time and variations in medi-
cal practice. The present trial was not powered
to compare the incidence of reoperation between
the two treatment groups, and we cannot rule
out the possibility that decompression alone may
require a subsequent fusion. However, patients
who are treated with decompression and fusion
may also require further secondary surgeries,
such as hardware removal or surgery at the ad-
jacent lumbar level.* Patients and surgeons may
weigh a potentially higher risk of reoperation
against the complexity and costs of surgical al-
ternatives.>*

In the present trial, 38% of instrumented fu-
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sions were supported by an interbody cage, as
compared with 17%, 6%, and 0% in somewhat
similar trials.>»'?> Owing to a lack of evidence
for the superiority of one fusion method over the
other>'>#" and the high frequency of successful
fusion as assessed by computed tomography in
our trial, we consider the risk of the fusion meth-
ods having biased our results to be low.

This trial has limitations. The eligibility crite-
ria limit the generalizability of the results. We did
not include patients with degenerative scoliosis,
those with radicular pain related to extensive
foraminal stenosis, those who had previous sur-
gery at the level of spondylolisthesis, and those
with spondylolisthesis at more than one level.
For these patients, fusion surgery is considered
established practice. Conclusions cannot be drawn
from data regarding subgroups, including the ap-
proximately 20% of patients who had dynamic
instability at the level of spondylolisthesis. Well-
powered, high-quality studies are warranted to
investigate whether patient characteristics and
radiologic variables can predict the appropriate
treatment for subgroups of patients. This was an
open-label trial, and only the data analyst but
not the outcome assessors were unaware of the
treatment-group assignments. An evidence-based
margin of noninferiority for this research ques-
tion does not exist, and we chose —15 percentage
points empirically. There was possible selection
bias in the per-protocol analysis because of the
exclusion of patients who had undergone reop-
eration, which could have favored the decompres-
sion-alone group. Because these patients were
included in the modified intention-to-treat analysis
and the three sensitivity analyses of the primary

outcome, we consider the conclusion of noninfe-
riority to be valid.

In this multicenter, single-country, random-
ized trial involving patients with degenerative
single-level lumbar spondylolisthesis, decompres-
sion alone was noninferior to decompression with
instrumented fusion at 2 years of follow-up. Reop-
eration occurred somewhat more often in the
decompression-alone group.
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