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Abstract Objective Lumbar spinal stenosis (LSS) patients suffer from significant pain and
disability. To assess long-term safety and efficacy of laminectomy in LSS patients, a
systematic review and meta-analysis study was conducted.

Methods Literature review in MEDLINE, Embase, Scopus, Web of Science, and
Cochrane Library databases was performed using a predefined search strategy. Articles
were included if they met the following characteristics: human studies, LSS, and at least
5 years of follow-up. Outcome measures included patient satisfaction, pain, disability,
claudication, reoperation rates, and complications.

Results Twelve articles met the eligibility criteria for our study. Overall, there was low-
quality evidence that patients undergoing laminectomy, with at least 5 years of follow-
up, have significantly more satisfaction, and less pain and disability, compared with the
preoperative baseline. Assessment of neurogenic intermittent claudication showed
significant improvement in walking abilities. We also reviewed the postoperative
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stenosis complication and adverse events in the included studies. After meta-analysis was
= intermittent performed, the reoperation rate was found to be 14% (95% confidence interval: 13-
claudication 16%).
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Conclusion Our study provides low-quality evidence suggesting that patients under-
going laminectomy for LSS have less disability and pain and can be more physically

active postoperatively.

Introduction

Patients suffering from lumbar spinal stenosis (LSS) can have
difficulty walking especially more than 500 m," imposing
significant restrictions on their daily living2 and further
financial burden on the health care system.3 There are
various surgical methods used to relieve pressure on the
spinal cord and nerve roots in the lumbar segment, most
notably laminectomy, laminotomy, laminoplasty, and use of
interspinous spacer implantation,4'5 More recently, mini-
mally invasive trends such as microendoscopic approaches
can also be considered for the treatment of LSS.® Currently,
laminectomy is the preferred method for the majority of
cases and is indicated in LSS without concurrent lumbar
instability.>’

Additionally, there are several complications for the
aforementioned procedures and can be divided into three
stages depending on the time of occurrence: acute (up to
3 days after surgery), subacute (3 days to 2 weeks after
surgery), and chronic (greater than 2 weeks following sur-
gery).*> The prevalence of these complications varies be-
tween 0.5 and 2.3%. Risk factors for more severe
complications include depression, comorbidities restricting
walking ability, scoliosis, cardiovascular diseases, and
smoking.?

Previously, few studies have evaluated long-term out-
comes after laminectomy in patients with LSS.”-?"23 There
is limited evidence regarding long-term outcomes after
laminectomy. Considering the potential complications of
laminectomy and limited evidence with long-term follow-
up, further investigation is needed to assess clinical out-
comes after laminectomy to assist with surgical decision-
making regarding the choice of surgical or conservative
treatment. Therefore, the goal of this study was to conduct
a systematic review and meta-analysis to assess patient
satisfaction, pain, disability, claudication, complications,
and adverse event in patients with LSS undergoing either
single or multilevel laminectomy procedures.

Material and Methods

Search Strategy

A comprehensive electronic search of MEDLINE, Embase,
Scopus, Web of Science, and the Cochrane Library was con-
ducted and updated until August 2020 using Medical Subject
Headings terms and related keywords (~Appendix Table A1).
Additionally, the list of references of relevant articles was
manually reviewed to discover potential further related
articles. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines for systematic review were
followed as shown in =Fig. 1. No language limits were imposed
for this literature search.

Selection Method

After the removal of duplicates, four reviewers were divided
into two groups, independently reviewing titles and
abstracts of the studies. After collecting the full text of
eligible papers, four reviewers in two groups (M.H.R,, S.R,,
K.S., and A.AH.) independently reviewed each article for
inclusion and exclusion criteria. The third reviewer (M.G.H.)
resolved any discrepancy regarding the eligibility of studies.

Inclusion and Exclusion Criteria

All cohort studies and randomized controlled trials reporting
conventional laminectomy due to LSS and related outcomes
with at least a 5-year follow-up were included in this study.
In articles that described the outcomes of various types of
surgical procedures, only the data of patients with conven-
tional laminectomy were obtained for the analysis. For
studies using the same data set, only the one with a higher
number of cases and data that are more complete was
included. Exclusion criteria included patients suffering
from concomitant spondylolisthesis, patients undergoing
fusion surgery, and congenital stenosis.

Data Extraction

Clinical and functional outcome measures that were evalu-
ated included patient satisfaction, pain, disability, neurogen-
icintermittent claudication, reoperation rate, complications,
and adverse events. Any association between single or
multilevel laminectomy and patient outcomes was also
assessed.

From each study, we collected general information (first
author, year of study, country, journal), methods (study
design, sample size), participants (age, gender, preoperative
neurological score), outcomes of surgery, and follow-up
time. Two independent reviewers reviewed each study
(K.S. and A.A.H.). If any discordance were present, they
were settled through focused discussion and reference to
the original article.

Assessment of Methodological Quality

The risk of bias of the included studies was evaluated using
the Newcastle-Ottawa checklist for cohort studies
(=Table 1). We considered studies with at least seven stars
to be at low risk of bias, leading to eight studies being
determined to have a low risk of bias®~">?? and the remain-
ing four as high risk.'®-1°

Statistical Analysis

Meta-analysis was only performed for reoperation rate.
Heterogeneity among the results of studies was quantified
using I? statistics. The results were reported using a random-
effects model with 95% confidence interval (CI). Subgroup
analysis was performed based on the quality of the included
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

studies. A meta-analytic approach was not feasible for other
outcome measures due to heterogeneous methods of report-
ing among the studies. Statistical analysis was performed
using Stata V.14.

Results

Included Studies

Initially, 18,666 records were retrieved from the databases
and after removing the duplicate documents and screening
the titles and abstracts, 126 articles were selected for full-
text screening. Finally, 12 records met all eligibility criteria,
all of which were included for qualitative analysis, and 10
articles were included for meta-analysis®~2° (~Fig. 1). Our
search results did not yield any published randomized clini-
cal trials, therefore, all included studies were cohort studies
with at least 5 years of follow-up. A total number of 83,492
LSS patients were included in these articles (~Table 2). All
patients had undergone standard decompression laminec-
tomy with a follow-up period between 5 and 10 years.
Outcomes assessed included patient satisfaction, leg and
lumbar pain intensity, disability, neurogenic intermittent
claudication, reoperation rate, complications, and adverse
events which are summarized in ~Table 3. The effect of
multilevel compared with single-level laminectomy on pa-
tient outcomes was also assessed in a few studies.

Satisfaction

Six of the 12 included studies assessed satisfaction among
LSS patients; four had a low risk of bias,10:12.15.20 \whereas
two had a high risk of bias.'®'® Since the method of measur-

ing satisfaction varied in each study, a meta-analysis was not
performed. One study measured satisfaction by asking
patients whether they were satisfied with the results of
laminectomy 5 years after surgery and revealed that 72%
were satisfied.'? In another study, 14% of patients considered
the outcome of surgery as excellent, 43% as good, 21.5% as
satisfactory, and 21.5% as poor.'® In another study, 75% of
patients were satisfied with the result of surgery at 7- to 10-
year follow-up.'?> When comparing surgical and nonsurgical
treatments one study measured satisfaction with the follow-
ing question: “If you were to spend the rest of your life with
your back symptoms just the way they are now, how would
you feel about that?”'® and another study asked patients
whether they would choose their initial treatment again.?®
Both of these studies showed no significant difference be-
tween the surgical and nonsurgical groups 5 to 10 years after
the treatment. In contrast, another study reported that the
percentage of surgical patients with severe dissatisfaction
was significantly higher than that of the nonsurgical patients
(77% vs. 52%, p < 0.001).18

Pain

Six of the 12 studies reported pain as an outcome measure;
three of which had a high risk of bias'®'”-1% and the other
three were low risk.'%1220 All studies showed a significant
reduction in pain following surgery.!%-12:16:17.19.20 Ty stud-
ies did not differentiate leg and back pain; one showed a
reduction of 4.53 points in Visual Analog Scale scores after
64 months (p<0.001),'® while another study showed a
change from 8.4 points preoperatively to 4.8 points at 6
and 10 years postoperatively'®
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Four studies assessed low back pain and leg pain separate-
1y.1216:17.20 Ty of these four studies compared surgical with
nonsurgical treatments and after adjusting for baseline
patient characteristics, the data suggested that surgery
was more effective than nonsurgical treatment in reducing
leg and back pain frequency at 5 years of follow-up.'®
Although from 5 to 10 years there was no significant differ-
ence in low back pain between groups, leg pain recovered
significantly more after surgical intervention in this time
period.'® In another study with 8 to 10 years of follow-up, the
frequency and inconvenience of low back pain were not
significantly different between the surgical and nonsurgical
groups; however, these scores significantly improved for leg
pain in patients treated with surgical management.20 In
another study using a graphic rating scale, the mean
(+standard deviation) reduction in leg and back pain inten-
sity was 3.6+2.5 points (p<0.0001) and 2.2+2.5 points
(p < 0.001), respectively, 2 months following laminectomy';
however, there were no significant changes from the
2-month to the 5-year follow-up.'” In another study
using the Japanese Orthopedic Association score, patients
showed a significant improvement in pain from baseline
(5.4 £ 2.0 points) to follow-up (10.7 + 3.2 points). There was
minimal change in back pain (1.4 +0.7 to 1.9+ 0.7 points),
compared with the greater improvement in leg pain
(0.7 £0.6 to 2.1+£0.7 points).'?

Disability
The modified Roland scale'”2% and the Oswestry Disability
Index (ODI)'® were used for measurement of disability. Four
of the 12 studies assessed disability, three of which had a
high risk of bias'®'”-1° and one showed a low risk of bias.?°
In one study, the modified Roland scale change at the
10-year follow-up was 6.8 from a preoperative baseline of
16 + 4.2. This change was 8.6 immediate postoperatively.'® In
another study with 8 to 10 years of follow-up, patients treated
surgically had a significantly greater improvement in the
modified Roland disability scale compared with nonsurgically
treated patients (improvement in surgical patients: 7.3 +6.5,
nonsurgical patients: 1.2 +7.8, p=0.02).?° In another study,
by 2 months after the procedure, the decrease in Roland-
Morris Scale was 2.7+5.2 points (p<0.0001), and by
5 months, there was 2.5+ 3.6 points further decrease, but
the index remained relatively the same up to the 5-year follow-
up.'” Using the ODI scale, up to 6 years of follow-up showed a
decrease in scores from 41.2 4 6.3 preoperatively to 29.3 +4.8
postoperatively, which is suggestive of improvement in
patients undergoing standard laminectomy.'® In a study com-
paring disability among patients undergoing first-time sur-
gery and patients requiring reoperation, by the 5-year follow-
up, the improvement in the modified Roland disability scale
was significantly less in patients with revision surgery (im-
provement of 1.8 +4.8 points vs. 5.6+ 6.2 points in those
without revision surgery; p=0.0012)."”

Neurogenic Intermittent Claudication
Three studies assessed neurogenic claudication. These stud-
ies were observational, two with a low risk of bias®'? and the

other with a high risk of bias.'® All studies showed a signifi-
cant improvement in patients’ walking ability. The maxi-
mum walking distance in one study improved from
705.61 +1,303.58 m preoperatively to 2,083.3 +2,131.6 m
at 5 years.? In another study, 62.2% of patients were not able
to walk more than 100 m without pain, which decreased to
8.1% of patients postoperatively.'> Another study showed an
improvement in pain-free walking distance from
20.1 £5.7 m preoperatively to 37.2+3.6 at 6 years and
25.9+42.7 at 10 years; however, the significance of the
progress was not reported.'®

Reoperation Rate

The reoperation rate was reported in 10 of the 12 studies, six
had a low risk of bias,>~""13:7420 and four had a high risk of
bias.'®~1% Meta-analysis revealed a 14% (95% Cl: 13-16%,
e =84.20%) reoperation rate among the studies (~Fig. 2).
The reoperation rate in the subgroup meta-analysis was 16%
(95% CI: 8-25%) in studies with a high risk of bias and 14%
(95% CI: 12-15%) in studies with a low risk of bias (~Fig. 3).
When assessing risk factors that may influence the reopera-
tion rate, no correlation was found with sex, obesity, and
body mass index.'? This study also showed that laminectomy
with concurrent discectomy had a higher chance of further
surgical requirements compared with laminectomy alone.'°

Multilevel Laminectomy and Patient Outcomes

The effect of multilevel surgery was explored in two studies,
which showed a low risk of bias.'>'> The improvement of
walking distance was found in 33% of patients who under-
went three-level surgery, 47% with two-level, and 79% with
single-level laminectomy (p=0.015)."> The second study
also suggested improved outcomes after single-level
laminectomy.1 2

Complications and Adverse Events

Complications and adverse events were reported in five
studies.'131518 The most common complications were
dural tear (9%) and wound infection (6%) in one study.'® In
another study, four patients needed early revision surgery
due to postoperative complications.® Malter et al" reported
the incidence of postoperative complications as 7%. Kim et al
reported 33 deaths in the first 90 days after surgery.'> In
another study, four patients (4.1%) had an early complication
requiring further surgery (three local infections)'®
(=Table 3).

Discussion

Surgery for degenerative lumbar diseases is the most com-
mon operation within the spine. Laminectomy and decom-
pression have been commonly utilized for several decades
but still, there is a paucity of evidence for the long-term
efficacy of laminectomy for LSS. The present study inves-
tigates the long-term efficacy and safety of surgery for this
condition.

Our review consisted of 83,492 patients with LSS under-
going decompression laminectomy. The results of this study
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Stody ES(95%CD) Waesght
Atlas 2006 —_— 0.24(0.14,036) 231
Chang 20035 e 0.19(0.11,030) 278
Foulongne 2013 ——— 0.10(0.05,0.18) 339
Kao 2018 . 0.13(0.13,0.14) 2249
Kim 2013 . 0.15(0.14,0.15) 2170
Lee 2014 —— 0.05(0.02,0.11) 350
Lecia 2015 —.— 0.18(0.14,022) 976
Malter 1958 d 0.15(0.14,0.16) 2063
e ] 0.24(0.17,032) 462
- 0.09 (0.06,0.12) 834
p=0.00, o 0.14(0.13,0.16) 100.00
T T T
0 2 7
Fig. 2 Forest plot of reoperation rate after laminectomy. Cl, confidence interval.
%
Study ES (95% CT) Weight
Low Risk of Bias
Atlas (2006) —_—— 024(0.14,036) 168
Foulongns (2013) ——v—-- 010(005,018) 444
Ka0 (2018) . 013(0.13,014) 2098
Kim (2013) . 015(0.14,015) 2030
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Shabat (2011) = 009(006,012) 1119
Subtotal (12 = §4.42%, p = 0.00) ¢ 014(012,015) 7799
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Lurie (2015) — 018(0.14,022) 879
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Lee (2014) -~ 005(002,011) 745
Subtotal ("2 = 90.52%, p = 0.00) <:> 0.16(008,025) 2201
Heterogeneity between groups: p =[0.561 i
Ovenall (12 = §5.93%, p = 0.00); é 014(0.12,015)  100.00
T T T
0 25 s 1

Fig. 3 Forest plot of reoperation rate according to quality of studies

demonstrate that after at least 5 years of follow-up, com-
pared with preoperative baseline patients were more satis-
fied,'0:12.15.16.18.20 haq Jess pain, both in the leg and low back
pain,m’]2'16'17'19'20 were less disabled,®17:19-20 could walk
further without claudication,®'%'° and had a 14% probabili-
ty of reoperation.gq1’13’14'16‘20 Moreover, very low-quality
evidence demonstrated that LSS surgery had better out-
comes in single-level laminectomy compared with multilev-
el surgical decompressive laminectomy.'?'> The overall
quality of evidence was low, considering the nonrandomized
design of the studies, low patient numbers, and lack of
precise results reflected by the wide 95% CIs presented.
Several studies have explored short-term outcomes of
laminectomy in LSS. Fritsch et al conducted a systematic

review in 2017 to assess pain and disability after laminec-
tomy surgery and demonstrated that patients with spinal
stenosis experience substantial reductions in pain and dis-
ability in the first 3 months after the surgery but little further
improvement is observed afterwards.?! In 2016, Lurie and
Tomkins-Lane suggested that patients who underwent lam-
inectomy reported increased improvement in leg pain com-
pared with the nonsurgical group, which is consistent with
the results from this study.?? In another systematic review
from 2016 performed by Zaina et al comparing surgically and
nonsurgically treated patients, the authors reported no
significant differences at 6-month and 1-year follow-up
but there was a significant difference favoring decompres-
sion after 24 months.?3 In a study conducted in 2013 by
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Macedo et al comparing surgery and conservative treatment,
the authors reported that surgery was more effective in
improving pain and disability; however, changes in claudi-
cation were not found to be significantly different between
the two groups.24 In contrast, Mo et al in a study from 2018
comparing the effectiveness of surgery and exercise therapy
reported relatively equivocal result in mitigating pain and
improving physical activity.”> The results of this study
showed that patients could walk farther after laminectomy,
which can be interpreted as an improvement in neurogenic
intermittent claudication. Similarly, in a study from 2012,
Ammendolia et al compared surgery with conservative
treatment and reported improvement of LSS in the surgery
group.?® After meta-analysis, our results demonstrated that
with a low level of evidence there is a 14% (95% CI: 13-16%)
probability that patients will require reoperation at least
5 years after surgery. In 2018, Goel and Modi reported that
comorbid diseases, smoking, and method of surgery might
influence the reoperation rate.?’

Patients with a single-level disease are much simpler to
treat and have less comorbidity, which might explain why
the outcomes appeared to be better in single-level laminec-
tomy in the reviewed studies. In general, standard laminec-
tomy seems to be effective for relieving the symptoms of
patients with LSS, but considering that LSS is a progressive
degenerative disease and the surgery does not prevent
disease progression, the results of surgery are less prominent
during the long-term follow-up.

Conclusion

Our review of the available evidence suggests that LSS
patients undergoing standard laminectomy may self-report
less pain and disability and walk further without claudica-
tion on long-term follow-up. Despite the high prevalence of
the condition, there is a lack of high-quality evidence for
long-term outcomes of surgery. High-quality randomized
studies with long-term follow-ups are warranted to ascer-
tain the benefits of laminectomy.
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Appendix Table A1

PubMed

("Lumbar Vertebrae'[Mesh] OR "Lumbar Stenosis, Familial" [Supplementary Concept] OR "Spinal Steno-
sis"[Mesh] OR (Lumbar[TIAB] AND (Vertebrae[TIAB] OR Vertebra[TIAB] OR vertebralis[TIAB] ) ) OR ( (spine
[TIAB] OR spinal[TIAB] OR spinalis[TIAB] OR lumb* [TIAB] ) AND (stenosis[TIAB] OR Stenoses[TIAB] OR
stenotic[TIAB])) OR "Cauda Equina"[Mesh] OR ((equaine[TIAB] OR Equina[TIAB] ) AND Cauda[TIAB] ) OR
(Filum[TIAB] AND Terminale[TIAB]) )

AND

( "Decompression, Surgical'[Mesh] OR ((Decompression*[TIAB] OR decompressive[TIAB] ) AND
(surger*[TIAB] OR operation[TIAB] )) OR "Laminectomy'[Mesh] OR hemilaminectomy[TIAB] OR Lam-
inectom” [TIAB] OR Laminotom*[TIAB] OR "Minimally Invasive Surgical Procedures'[Mesh] OR ((minimally
[TIAB] OR Mini[TIAB] ) AND ( Invasive[TIAB] OR Procedur*[TIAB] )) OR endoscop*[TIAB] OR (PEDICLE[TIAB]
AND SCREW(TIAB] ) OR ((Nerve[TIAB] AND Root[TIAB]) AND Compression*[TIAB] ) OR "Arthrodesis"[Mesh]
OR Arthrodes*[TIAB] OR arthrodesia[TIAB] OR (articular[TIAB] AND process[TIAB] AND fusion[TIAB] )

OR ( joint [TIAB] AND fusion[TIAB] ))

AND

(Year [tiab] OR Years[tiab] OR TERM [tiab] OR TERMS]tiab] OR CHRONIC [tiab] OR CHRONICS|tiab])
AND

("Clinical Trials as Topic"[Mesh] OR "Clinical Trial" [Publication Type] OR RCT[TIAB] OR RANDOMIZED|TIAB]
OR RANDOM*[TIAB] OR TRIAL*[TIAB] OR "Follow-Up Studies'[Mesh] OR “Follow Up” [TIAB] OR Followup
[TIAB] OR "Cohort Studies'[Mesh] OR Cohort [TIAB] OR Concurrent [TIAB] OR (Incidence[TIAB] AND (Study
[TIAB] OR studies[tiab])))

NOT

(("Animals"[Mesh] OR animal*[TIAB] OR rat [TIAB] OR rats[TIAB] OR mice[TIAB] OR mouse[TIAB]) NOT
(("Humans'[Mesh] OR human*[TIAB] ) AND ("Animals'[Mesh] OR animal*[TIAB] OR rat [TIAB] OR rats[TIAB]
OR mice[TIAB] OR mouse[TIAB])))
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