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Introduction

Lumbar spinal stenosis is the most common reason for
lumbar decompressive surgery, especially in elderly patients
whose surgery rates have increased over the last decades.1,2

The aim of surgical intervention is to improve leg pain,
walking distance, and further symptoms of spinal claudica-
tion. The benefit regarding low back pain is still a matter of
debate.3–5 Also the treatment strategy for recurrent stenosis
at the same level is unclear.
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Abstract Background To evaluate whether decompression in lumbar spinal stenosis without
fusion leads to sufficient improvement of back pain and leg pain and whether re-
decompression alone is sufficient for recurrent lumbar spinal stenosis for patients
without signs of instability.
Material and Methods A successive series of 102 patients with lumbar spinal stenosis
(with andwithout previous lumbar surgery)were treatedwith decompression alone during
a 3-year period. Data on pre- and postoperative back pain and leg pain (numerical rating
scale [NRS] scale) were retrospectively collected from questionnaires with a return rate of
65% (n ¼ 66). The complete cohort as well as patients with first-time surgery and re-
decompressionwereanalyzed separately. Patientsweredichotomized to short-termfollow-
up (< 100 weeks) and long-term follow-up (> 100 weeks) postsurgery.
Results Overall, both back pain (NRS 4.59 postoperative versus 7.89 preoperative;
p < 0.0001) and leg pain (NRS 4.09 versus 6.75; p < 0.0001) improved postopera-
tively. The short-term follow-up subgroup (50%, n ¼ 33) showed a significant reduction
in back pain (NRS 4.0 versus 6.88; p < 0.0001) and leg pain (NRS 2.49 versus 6.91:
p < 0.0001). Similar results could be observed for the long-term follow-up subgroup
(50%, n ¼ 33) with significantly less back pain (NRS 3.94 versus 7.0; p < 0.0001) and
leg pain (visual analog scale 3.14 versus 5.39; p < 0.002) postoperatively. Patients with
previous decompression surgery benefit significantly regarding back pain (NRS 4.82
versus 7.65; p < 0.0024), especially in the long-term follow-up subgroup (NRS 4.75
versus 7.67; p < 0.0148). There was also a clear trend in favor of leg pain in patients
with previous surgery; however, it was not significant.
Conclusions Decompression of lumbar spinal stenosis without fusion led to a
significant and similar reduction of back pain and leg pain in a short-term and a
long-term follow-up group. Patients without previous surgery benefited significantly
better, whereas patients with previous decompression benefited regarding back pain,
especially for long-term follow-up with a clear trend in favor of leg pain.
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Forfirst surgeryof spinal stenosiswith lowback pain, some
authors prefer a decompression without fusion with a good
clinical outcome even for back pain.6–8 Other groups report
that patients with dominant back pain do not improve ade-
quately fromdecompression surgery alone.4,5 Therefore, addi-
tional fusion or dynamic stabilization procedures are often
applied. It is also known that the rate of fusion procedures in
lumbar spinal stenosis steadily increases;1 however, the indi-
cationoften remainsunclear.9–11Someevidence indicates that
additional fusion does not lead to a better clinical and func-
tional outcome than decompression alone.12 The rate for
revision surgeries seems to be comparable in both groups.12

However, thehospital stay, surgical time, amountof blood loss,
complication rates, and overall surgical costs were higher in
patients with an additional fusion.12,13

Even more difficult is decision making in patients with
recurrent lumbar spinal stenosis. A subanalysis of the SPORT
trial in an 8-year follow-up showed a reoperation rate of 18%
in patients initially treated for lumbar spinal stenosis inde-
pendent of the initial surgical procedure with decompres-
sion alone versus decompression with fusion. Patients who
did not require reoperation had better patient-reported
outcomes at 8-year follow-up compared with those who
had a new decompressive surgery.14

However, little is still known about pain reduction in
patients with recurrent lumbar spine stenosis treated with
re-decompression surgery alone.

Knowing the increasing number and older age of patients
with degenerative spinal disease and taking into account the
possible complications and costs for spinal instrumentation
and fusion, we analyzed the improvement of back and leg
pain after lumbar spinal decompression without fusion in a
short-term and long-term follow-up for first-time surgery
and in patients with previous decompression.

Methods

All patients with lumbar spinal stenosis, treated only with
decompression during a 3-year period (2011–13), were col-
lected retrospectively. Both patients with previous lumbar
decompression and patients without previous surgery were
included if there was no need for stabilization due to macro-
instability as proven by dynamic X-ray and mobile slippage of
at least 5 mm. Patients’ demographics, surgical parameters,
and complications (surgical complications such as dural leak,
rebleeding, and infection; medical complications such as
thrombosis, pneumonia, urinary infection, and angina pec-
toris) were collected from the charts. Data on pre- and post-
operative back pain and leg pain on a numeric rating scale
(NRS)were collected retrospectively from questionnaires sent
to patients. TheNRS is a pain rating questionnaire. Patients are
asked to indicate the intensity of their current pain. This self-
reportmeasureusesan11-pointnumeric scale, ranging from0
(“no pain”) to 10 (“worst pain imaginable”).15

The postoperative outcome regarding back pain and leg
pain was then analyzed within the retrieved questionnaires.
Afterward, the whole cohort was divided into two groups:
first-time surgery (native) and recurrent surgery (recurrent).

Subgroup analysis was performed according to the period of
postoperative follow-up: short-term follow-up subgroup
(<100 weeks between surgery and questionnaire) and long-
term follow-up subgroup (>100 weeks between surgery and
questionnaire). Thedichotomizationat 100weekspostsurgery
was set at the medium time between surgery and data collec-
tion with the questionnaire in the whole cohort.

Surgical decompression was done unilaterally, unilaterally
with contralateral undercutting, or bilaterally, depending on
the individual preference of the surgeon. All surgical proce-
dures were done microsurgically according to previously
described techniques from Thomé et al.8 To exclude the
influence of the surgical procedure, we separately analyzed
the patient-reported outcome on the NRS for each technique
within the complete cohort with respect to the sample size.

Statistical analysis was performedwith GraphPad Prism 5
(San Diego, California, United States) using an unpaired t
test, chi-square test, and Fisher exact test. Significance level
was set at p < 0.05.

Results

Patient Distribution
Within a 3-year period, 102 patients with lumbar spinal
stenosis treated with decompression alone could be identi-
fied from the patient database. From these patients, 76 had
not had lumbar spine surgery before, and 26 were diagnosed
with recurrent lumbar spine stenosis. We received 65
answers from the previously sent questionnaires (48 from
native patients and 17 from recurrent patients) (►Fig. 1).

Demographic and Baseline Characteristics
The mean age of the cohort was 68 years. For patients
with previous decompression, the mean age was 71; for
patients without previous lumbar surgery, mean age was
67 years (p ¼ 0.22). The duration of symptoms was 69 weeks
(�110.3 weeks) for the complete group, 60.91 weeks
(�69.85 weeks) for patientswithout previous decompression,
and52.7 weeks (�76.71 weeks)withpreviousdecompression
(p ¼ 0.7067). The mean body mass index in the complete

102 pa�ents included

76 na�ve 26 recurrent

ques�onnaire

65 answers

48 na�ve 17 recurrent

40 bp improved 8 bp not improved 12 bp improved 5 bp not improved

35 lg improved 13 lp not improved 9 lp improved 8 lp not improved

Fig. 1 Patient distribution. bp, back pain; lp, leg pain.
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cohort was 29.56 (�5.93) and 29.5 (�5.704) versus 29.97
(�6.733), that is, pre-adiposity, for patients without or with
previous decompression (p ¼ 0.7389). The mean American
Society of Anesthesiologist score showed a moderate but
definite systemic disturbance, 2.472 (�0.5559) for patients
without previous surgeryand2.5 (�0.6726) for thegroupwith
previous decompression (0.8458). The hospital stay for
patients with previous lumbar decompression was signifi-
cantly longer (8.8 days � 6.3 versus 6.5 days � 3.9;
p ¼ 0.031).►Table 1 lists the other nonsignificant incidences
of medical disease, smoking, alcohol, or tumor history within
our cohort.

Surgical Characteristics
The mean operating time per operated level for all
patients was 124.7 minutes (�88.97 minutes). For patients
with previous lumbar decompression, the surgical time
per level was significantly longer (189.1 � 126.8 minutes),
compared with the group without previous surgery
(102.1 � 56.8 minutes; p < 0.0001). The mean number of
levels of decompressionwere 1.8 � 0.8645, ranging from1 to
5. For the group with previous surgery, the number of levels
approachedwas 1.9 � 1.038 standard deviation (SD) ranging
from 1 to 5 versus 1.8 � 0.8003 SD ranging from 1 to 4 for the
group without previous surgery (p ¼ 0.421; ►Table 2).

Table 1 Demographic and baseline characteristics

Complete cohort Without previous
decompression

With previous
decompression

pa

Cases, n (%) 102 76 (74.5) 26 (25.5)

Women, n (%) 45 (46) 34 (44.7) 11 (42.3) 0.652

Mean age, y (�SD) 68 (�11.2) 67 (�10.6) 71 (�12.6) 0.22

Duration of symptoms, wk (mean � wk) 69 (�110.3) 60.91 (�69.85) 52.7 (�76.71) 0.7067

BMI, mean (�SD) 29.56 (�5.93) 29.5 (�5.704) 29.97 (�6.733) 0.7389

ASA, mean (�SD) 2.474 (�0.5806) 2.472 (�0.5559) 2.5 (�0.6726) 0.8458

Patients with diabetes mellitus, n (%) 17 13 (17.1) 4 (15.4) 0.8574

Hypertension, n (%) 59 42 (55.3) 17 (65.4) 0.1593

Kidney disease, n (%) 7 4 (5.3) 3 (11.5) 0.2661

Smoking, n (%) 13 9 (11.8) 4 (15.4) 0.6405

Tumor history, n (%) 2 2 (2.6) 0 0.4635

Length of hospital stay, d (�SD) 7.1 (�4.7) 6.5 (�3.9) 8.8 (�6.3) < 0.03

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.
aThe p value is measured for patients with and without previous surgery.

Table 2 Intraoperative data

Complete cohort Without previous
decompression

With previous
decompression

pa

Operative time per level, mean � (min)] 124.7 (�88.97) 102.1 (�56.8) 189.1 (�126.8) 0.0001

Mean levels of decompression (�SD),
range

1.8 (�0.8645), 1–5 1.8 (�0.8003), 1–4 1.9 (�1.038), 1–5 0.421

Major complications, n

Postoperative paresis of the foot 1 1 0

Minor complications, n

Pneumonia 1 1 0

Sepsis 1 1 0

Angina pectoris 1 1 0

Epidural hematoma needing revision
surgery

1 1 0

Wound infections, n (%) 3 (2.9) 2 (2.6)
one with need of
revision surgery

1 (3.8) 0.99

aThe p value is measured for patients with and without previous surgery.
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Wedetected onemajor complication in the groupwithout
previous surgery with a new and persisting postoperative
paresis of foot elevation. Also some single minor complica-
tions were seen in the group without previous surgery
(►Table 2). The rate of wound infection was 2.9% for the
complete cohort and 2.6 versus 3.8 % for patients without or

with previous decompression (p ¼ 0.99).►Table 3 describes
the distribution of the treated levels.

The surgical procedures were unilateral decompression,
unilateral decompressionwith contralateral undercutting, or
bilateral decompression (►Table 4). All patients with recur-
rent stenosis (n ¼ 26) were re-decompressed at the index
level; 57% (n ¼ 12) were additionally decompressed on an
adjacent level.

Outcome According to Questionnaires
The return rate from the questionnaires was 66% (n ¼ 65).
These 65 patients were used for further analyses for the pre-
and postoperative NRS value for back pain and leg pain. The
mean time between surgery and questionnaire was
100 weeks, ranging from 35 to 146 weeks. Thus to differ-
entiate outcome, the cohort was dichotomized to a short-
term follow-up (< 100 weeks; n ¼ 33) and a long-term
follow-up (> 100 weeks; n ¼ 32).

Preoperative back pain was described retrospectively as
more severe than leg pain in the whole patient group
(p ¼ 0.0098). Regarding subgroups, this finding was present
in the subgroup of patients without previous decompression
(p ¼ 0.0118) but not in the subgroup with previous lumbar
surgery (p ¼ 0.4286).

Independent from the time between surgery and ques-
tionnaire, thewhole cohort improved significantly from 7.89
preoperatively to 4.53 postoperatively (p < 0.0001) regard-
ing NRS back pain, and leg pain with 6.75 versus 4.09
(p < 0.0001). Patients in the group without previous lumbar
decompression (n ¼ 48) profited significantly regarding
back pain (7.98 versus 4.5; p < 0.0001) and leg pain (6.69
versus 3.67; p < 0.0001; ►Table 5). Patients with previous
lumbar decompression (n ¼ 17) showed a significant reduc-
tion in back pain (7.65 versus 4.82; p < 0.0024), but no

Table 3 Affected levels

Complete
cohort,
n

Without
previous
decompression,
n

With
previous
decompression,
n

T12–L1 1 1 0

L1–L2 3 1 2

L2–L3 28 18 10

L3–L4 54 37 17

L4–L5 80 62 18

L5–S1 22 18 4

Table 4 Procedure of decompression

Unilateral,
n (%)

Unilateral with
undercutting,
n (%)

Bilateral,
n (%)

Complete
cohort

30 (29) 53 (52) 19 (19)

Without
previous
decompression

19 (25) 43 (57) 14 (18)

With previous
decompression

11 (42) 10 (38) 5 (19)

Table 5 Outcome for back pain and leg pain

Patients,
n (%)

NRS preoperative
back pain ( � SD)

NRS postoperative
back pain ( � SD)

p value NRS preoperative
leg pain ( � SD)

NRS postoperative
leg pain ( � SD)

p value

General outcome

Complete cohort 65 (100) 7.89 (�2.19) 4.59 (�2.37) < 0.0001 6.75 (�2.73) 4.09 (�2.54) < 0.0001

Without previous
decompression

48 (73.8) 7.98 (�2.12) 4.5 (�2.33) < 0.0001 6.69 (�2.78) 3.67 (�2.28) < 0.0001

With previous
decompression

17 (26.2) 7.65 (�2.45) 4.82 (�2.56) < 0.0024 6.94 (�2.68) 5.29 (�2.91) 0.0958

Short-term follow-up (<100 wk)

Complete cohort 34 (100) 6.88 (�2.83) 4.00 (�2.51) < 0.0001 6.91 (�2.53) 2.49 (�1.77) < 0.0001

Without previous
decompression

27 (81.8) 6.76 (�3.03) 3.83 (�2.49) < 0.0002 4.69 (�2.48) 1.89 (�0.32) < 0.0001

With previous
decompression

6 (18.2) 7.6 (�0.89) 5.0 (�2.65) < 0.0709 6.2 (�2.68) 5.8 (�2.86) 0.8254

Long-term follow-up (>100 wk)

Complete cohort 31 (100) 7.00 (�2.62) 3.94 (�2.29) < 0.0001 5.39 (�2.77) 3.14 (�2.61) < 0.0023

Without previous
decompression

21 (65.6) 6.58 (�2.41) 3.42 (�1.95) < 0.0001 4.21 (�2.1) 1.69 (�0.49) < 0.0001

With previous
decompression

11 (34.4) 7.67 (�2.90) 4.75 (�2.63) 0.0171 7.25 (�2.73) 5.08 (�3.03) 0.0794

Abbreviation: NRS, numerical rating scale; SD, standard deviation.
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significance but a trend was found with respect to leg pain
(6.94 versus 5.29; p ¼ 0.0958).

When dichotomizing the 65 patients according to the
follow-up (short termversus long term), similar results were
found for the complete cohort and patients without previous
lumbar decompression with significant reduction in back
pain and leg pain. Patients with previous decompression
showed a significant reduction of back pain in the long-term
follow-up. For other parameters within this group, a trend
was found that also assumes a postoperative benefit without
being significant (►Table 5).

To exclude the influence of the surgical procedure on the
postoperative amount of pain, the pre- and postoperative
NRS for back pain and leg pain were analyzed on the
complete cohort with respect to the sample size showing
similar and significant reduction in back pain and leg pain on
the NRS, independent from the procedure of decompression
(data not shown).

Discussion

Lumbar spinal stenosis is one of the most common specific
disorders causing radiating leg pain, spinal claudication, and
associated lower back pain.16 The numbers of surgical pro-
cedures for spinal stenosis in Europe and the United States,
especially for elderly patients, have more than doubled
during the last decade.17,18

Lumbar spinal stenosis can be treated conservatively in the
absence of neurologic deficits and as long as the patient has a
good response to medical pain treatment. However when
these treatment options fail, surgical treatment can be con-
sidered. Prospective studies showed an distinct advantage of
surgical therapy over conservative treatment in patientswith-
out instability regarding pain and physical function.3,19,20 In
patients with segmental macro-instability or severe defor-
mity, clear evidence indicated additional fusionorfixationhad
an even better clinical outcome.21 For the remaining patients,
the ideal treatment option is still unresolved.

Surgical spinal decompression is one treatmentoptionwith
the aim to improve radicular pain and walking distance.
However, Jones et al showed that lower back pain also
improves significantlyafterdecompressionsurgery.7 Improve-
ment in nutrient supply, recovery of blood flow, diathermy of
the posterior primary ramus that innervates the facet joints, or
posture improvement are possible explanations.7

The best treatment option for recurrent stenosis without
instability after decompression is also still undefined. Rare
studies report good results regarding back pain, leg pain, and
disability for decompression and fusion for same-level recur-
rent stenosis.22,23 However, to our knowledge there are no
data on re-decompression for recurrent stenosis.

Therefore, so far we have favored decompression only
without fusion or fixation in the absence of segmental
macro-instability or deformity, even for recurrent stenosis.
This policy is the basis for our retrospective analysis of
outcomes after first or revision surgery in patients with
symptomatic lumbar stenosis and also represents the cur-
rent state in terms of health care research.

Outcome for First-Time Surgery
Our results showed a significant reduction in back pain and
leg pain on the NRS after primary decompression in patients
with lumbar spinal stenosis without instability. This is in line
with recent studies showing an improvement, not only for
leg pain and walking distance after primary decompression,
but also a significant benefit regarding back pain.6,7 Dividing
the complete cohort into short-term follow-up (<100
weeks) and long-term follow-up (>100 weeks), the positive
effect of surgical decompression regarding back pain and leg
pain seems to be robust. Similar results with stable and
significant reduction of back pain and leg pain over a period
of 1 year6,7 and 2 years19 were shown, indicating that
decompression without fusion or fixation is also an appro-
priate treatment option in lumbar spinal stenosis with
relevant back pain.

Because various approaches are available to achieve
decompression, Overdevest et al24 found no significant dif-
ferences in clinical results between different posterior
decompression techniques in their review, although the
quality of evidence was low. However, in our retrospective
study, the type of decompression (unilateral, unilateral with
undercutting, or bilateral) had no impact on the reduction in
back and leg pain in the complete cohort.

The demographic and baseline characteristics as well as
the complications rates within our cohort were comparable
with other studies.6,8,25,26 However, the operation time per
level and the in-hospital stay were somewhat higher in our
study.

In 2013, Kaminski and Banse27 reported that themost valid
determining factor for surgical time was the number of
operated levels. With a statistically modeled operation time
of 60.9 minutes per level, this finding is distinctly different
than the operation time per level in our studywith 102.1min-
utes for patients with primary decompression. The type of
decompression also seems to play an important role for
operation time as Thomé et al8 showed with 90 minutes per
level for bilateral laminotomy, 77 minutes for unilateral lami-
notomy for bilateral decompression, and 73 minutes for lami-
nectomy. Khoo and Fessler26 reported an operation time of
88 minutes per level with an open decompression compared
with a novel technique with percutaneous microendoscopic
laminotomy with bilateral decompression of 109 minutes. As
in our study the operation time per decompression type was
pooled and not analyzed separately, which may serve as a
possible explanation for the longer operation time.

The length of inpatient stay for nonfusion patients within
the literature shows a broad range from 1.8 days6 over 2.66
days7 to 4.9 days.28 Nevertheless, the length of hospital stay
in our study with 6.5 days for primary decompression is
longer. Because the patients’ characteristics and complica-
tion rates are comparable, and the operative techniques vary
between all the studies cited here, these parameters cannot
serve as a compelling explanation for this difference. A more
convincing alternative is the different health care policies in
the corresponding countries. Comparing a study based on a
German population with lumbar decompression, Kothe
et al29 also reported an in-hospital stay of 6.4 days.
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Outcome for Re-decompression
Indications for reoperation are progressive leg and back pain,
especially due to recurrent foraminal stenoses, remaining
stenosis, disk herniations, or spondylolistheses. The risk for
reoperation within the literature varies from 16.3% after
open laminectomy to 5.8% after minimally invasive unilat-
eral laminotomy in a broad follow-up period from 1 to
10 years.30 Kim and Kwon31 analyzed the reoperation rates
after decompression and decompression with fusion, show-
ing no differencebetween the two groupswith a rate of 14.2%
within 5 years.

Although the rates of reoperation are remarkable, there is
certainly a lackof evidence-based data for the best treatment
option for patients with an indication for reoperation.
Adogwa et al reported that re-decompression and fusion
surgery led to an improvement in back pain, disability, and
quality of life in elderly patients with persisting or recurrent
back or radicular pain.22 Mendenhall et al showed similar
results that a new neural decompression and instrumented
fusion for recurrent same-level stenosis provides significant
improvement in all patient-assessed outcome parameters.23

However, all of them achieved additional fusion and/or
fixation.

In our retrospective analysis, we identified 17 patients
with recurrent lumbar stenosis. These patients were treated
solely with re-decompression without fixation and/or
fusion at the index level; 57% (n ¼ 12) were additionally
decompressed on an adjacent level. Remarkably, the
patients showed a long-lasting effect from the re-decom-
pression procedure, especially regarding back pain.
Although, after re-decompression surgery the reduction
in leg pain in our study was not significant, there is a clear
trend insofar that they also benefited from a recurrent
decompression as a first-step therapy instead of decom-
pression with fusion and/or fixation. This satisfactory clin-
ical outcome can be achieved with an isolated re-
decompression, avoiding the additional risk and costs of
instrumentation and spinal fusion.

Limitations

Our study had several limitations including its retrospective
character and the lack of radiographic parameters defining
the stenosis, although patients with instability (Meyerding II
or higher) or deformity were excluded. Also patients with an
interspinous spacer, as a minimally invasive procedure,were
not included because we do not offer this kind of implant. A
longer follow-up period, especially for re-decompression,
would be interesting to evaluate its ongoing success. A
further limitationwas the lack of a control group (e.g., fusion
group and/or conservative treatment group).

Conclusion

Our results showan overall significant improvement for back
pain and leg pain in patients with lumbar spinal stenosis
without signs of instability or deformity treatedwith decom-
pression only without fixation or fusion. Taking into account

the degenerative character of lumbar spinal stenosis, some
percentage of the patients develop a symptomatic recurrent
stenosis, although they initially profit from decompression
surgery. Therefore even re-decompression without fixation
or fusion leads to a significant reduction in back pain and a
distinct benefit regarding leg pain for up to 3 years. This
treatment opportunity should be considered, especially in
elderly patients to avoid the risks and costs of additional
fixation or fusion. However, further studies are needed with
respect to a longer follow-up period for solely re-decom-
pression. Additional radiographic parameters defining the
stenosis could be helpful to find the optimal treatment
strategy for this common disease. We are well aware that
the sample size in the re-decompression subgroup is rather
small. However, due to the emphasis of the retrospective
results, we have already begun a prospective series to
elucidate this relevant question.
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