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ABSTRACT

Objective To determine the efficacy of adding
instrumented spinal fusion to decompression to treat
degenerative spondylolisthesis (DS).

Design Systematic review with meta-analysis.

Data sources MEDLINE, Embase, Emcare, Cochrane
Library, CINAHL, Scopus, ProQuest Dissertations &
Theses Global, ClinicalTrials.gov and WHO International
Clinical Trials Registry Platform from inception to May
2022.

Eligibility criteria for study selection Randomised
controlled trials (RCTs) comparing decompression with
instrumented fusion to decompression alone in patients
with DS. Two reviewers independently screened the
studies, assessed the risk of bias and extracted data. We
provide the Grading of Recommendations, Assessment,
Development and Evaluation assessment of the certainty
of evidence (COE).

Results We identified 4514 records and included four
trials with 523 participants. At a 2-year follow-up, adding
fusion to decompression likely results in trivial difference
in the Oswestry Disability Index (range 0—100, with
higher values indicating greater impairment) with mean
difference (MD) 0.86 (95% C| —4.53 to 6.26; moderate
COE). Similar results were observed for back and leg
pain measured on a scale of 0 to 100, with higher
values indicating more severe pain. There was a slightly
increased improvement in back pain (2-year follow-up)
in the group without fusion shown by MD —5-92 points
(95% Cl —11.00 to —0.84; moderate COE). There was a
trivial difference in leg pain between the groups, slightly
favouring the one without fusion, with MD —1.25 points
(95% Cl —6.71 to 4.21; moderate COE). Our findings

at 2-year follow-up suggest that omitting fusion may
increase the reoperation rate slightly (OR 1.23; 0.70 to
2.17; low COE).

Conclusions Evidence suggests no benefits of adding
instrumented fusion to decompression for treating

DS. Isolated decompression seems sufficient for most
patients. Further RCTs assessing spondylolisthesis
stability are needed to determine which patients would
benefit from fusion.

PROSPERO registration number CRD42022308267.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Survey studies show significant heterogeneity
among spine surgeons in the surgical
management of degenerative spondylolisthesis.
Although some systematic reviews have
reported higher efficacy of decompression with
fusion compared with isolated decompression,
other reviews failed to find significant
differences between the interventions. Based on
available evidence, professional spine surgery
societies recommend isolated decompression
in cases without signs of instability.
However, previously published meta-analyses
inappropriately combined randomised trials
with observational studies and did not provide
a Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) and
assessment of the certainty of evidence. Due to
conflicting conclusions from previous studies,
degenerative spondylolisthesis is still the most
common indication for elective spinal fusion
with an increasing trend and high costs.

WHAT THIS STUDY ADDS

= Our systematic review with meta-analysis is
the broadest and most robust analysis in the
field. The review design was discussed and
validated by a national panel of experts in spine
surgery with extensive experience in treating
degenerative spinal conditions and evidence
synthesis experts. We included trials using
pedicle screw fixation fusion and excluded
those using other techniques of fixation or non-
instrumented fusion and trials with pseudo-
randomisation. Expert information specialists
devised complex search strategies and searched
nine sources in May 2022. We also provide the
GRADE Summary of Findings.

INTRODUCTION

Degenerative spondylolisthesis (DS) is a wide-
spread spinal pathology with prevalence reaching
25%-43% in women and 19%-31% in men over
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= The evidence suggests that adding fusion to decompression
is ineffective for most patients with spondylolisthesis. It
likely results in no additional benefits regarding disability,
pain and quality of life at a minimum follow-up of 2 years
after surgery. Furthermore, fusion is linked to increased
surgery-related complications (duration, blood loss, extended
hospital stay) and costs while not decreasing the long-term
complication and reoperation rate. Evidence from randomised
trials is missing to compare stable versus unstable
spondylolisthesis, and future trials should aim to determine
which subgroups would benefit from adding fusion to
decompression.

65 years.! Ventral shift of the cranial vertebra compared with
the more caudal vertebra is caused by arthritis of the facet joints,
malfunction of the stabilising ligaments and disc degeneration.
All these changes contribute to the compromise of the canal and
lumbar spinal stenosis (LSS). DS is one of the most common
causes of progressive lower back or leg pain (neurogenic clau-
dication or radiculopathy). It is a common indication for spinal
surgery in adults,” generally leading to better results than conser-
vative therapy.

The least invasive, safest and least costly procedure to treat DS
is non-destabilising decompression of the spinal canal with resec-
tion of hypertrophic facet joints and ligamentum flavum.® There
is an ongoing debate on whether fusion of the altered lumbar
segment should be added to decompression to decrease the risk
of further progression of the pathology. Although some reviews
have found greater efficacy of fusion in the treatment of DS,®’
other studies have not unequivocally demonstrated the advan-
tage of fusion.’ ®* However, DS represents the most common
indication for elective spinal fusion with a highly increasing
tendency and high hospital costs.” 1

In February 2022, we searched Epistemonikos, MEDLINE
(via Ovid) and PROSPERO for any ongoing or completed
reviews. We found seven completed systematic reviews’® '3
and four registered reviews (all completed and retrieved, see
online supplemental appendix E). Since then, another systematic
review has been published." However, most searched only for
English-language studies, included studies with outdated and no
longer used fusion techniques and inappropriately® combined
the results of randomised controlled trials (RCTs) and pseudo-
RCTs or observational studies in meta-analyses. None provided
the Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) assessment of certainty of evidence
(COE).

Therefore, we did a systematic review and meta-analysis of
RCTs to compare decompression alone and decompression with
instrumented fusion in treating DS across relevant outcomes and
prespecified subgroups of patients.

METHODS

This report is a systematic review with meta-analysis driven by
the following question: What is the effectiveness and safety of
decompression with instrumented fusion versus decompres-
sion only in degenerative lumbar spondylolisthesis? The review
followed a priori-developed protocol, the Cochrane Hand-
book," and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses reporting guidelines.'® We interpreted the

Table 1 Selection criteria

Adults with degenerative lumbar spondylolisthesis (excluded:
patients with isthmic spondylolisthesis, degenerative
scoliosis, spinal stenosis with other causes, or those with

Population  previous spinal surgery)

Intervention  Isolated decompression (any surgical technique)

Comparison  Decompression with fusion (instrumented spinal fusion with pedicle

screw fixation)

Outcomes Primary: Oswestry Disability Index (scale 0-100, with higher
scores indicating more severe impairment)

Low back pain and leg pain (on a visual analogue scale (VAS) of
0-100, with higher scores indicating more pain)

Secondary: reoperation rate, complication rate, length of hospital
stay, duration of surgery, blood loss during surgery, and quality of
life (QoL)

Randomised controlled trials with true randomisation (pseudo-RCTs
excluded), any language or location

Studies

RCT, randomised controlled trial.

findings as suggested by Santesso et al.'” Selection criteria for
included studies are shown in table 1.

Search strategy and selection criteria

The search strategy was modelled based on the North American
Spine Society, Diagnosis and Treatment of Degenerative Lumbar
Spondylolisthesis,'® modified by information specialists and
validated by clinical experts and an evidence synthesis expert.
A three-step search strategy was used to identify both published
and unpublished studies. A limited search was run in MEDLINE
(Ovid) and EMBASE (Ovid), using the keywords and index
terms ‘lumbar spondylolisthesis’ and ‘fusion’. The analysis of the
text words in the title and abstract and the index terms used to
describe articles followed.

In May 2022, an information specialist conducted a compre-
hensive search including MEDLINE (Ovid), Embase (Ovid),
Emcare (Ovid), Cochrane Library, CINAHL (EBSCO) and
Scopus. Sources of grey literature included ProQuest Disser-
tations & Theses Global and registers of clinical trials: Clini-
calTrials.gov and WHO International Clinical Trials Registry
Platform (see online supplemental appendix A). The refer-
ence lists of relevant publications were screened for additional
eligible studies. We did not apply time, study design, language,
geographical or other restrictions. We imported the retrieved
records into Endnote V.X9.2 (Clarivate Analytics, Pennsylvania).
We removed the duplicates according to the method described
by Bramer et al.” Search strategies were downloaded/manually
copied from each database or register and saved in a Microsoft
Word document.

Two reviewers (LK and DT) independently screened the titles
and abstracts and the full texts of the potentially eligible records.
We resolved any conflicts by discussion and with a third reviewer
(RKa). We recorded and reported the reasons for excluding
records at full-text screening (online supplemental appendix C).
We contacted the authors for any missing information.

We included RCTs comparing isolated decompression (any
surgical technique) with decompression with fusion in adult
participants with DS with at least 12 months of follow-up. Only
trials with instrumented spinal fusion with pedicle screw fixation
were included. Excluded were cases with isthmic spondylolis-
thesis, degenerative scoliosis, spinal stenosis with other causes
or those with previous spinal surgery. Primary outcomes were
the Oswestry Disability Index (ODI), back pain and leg pain.
Secondary outcomes were reoperation rate, complication rate,
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length of hospital stay, duration of surgery, blood loss during
surgery and quality of life (QoL). No institutional review board
approval was required for this meta-analysis because the study
included previously published data.

Data extraction

Two reviewers (LK and DT) independently extracted data on the
characteristics of the eligible studies using our data extraction
form: author, publication year, title, country, inclusion and
exclusion criteria, sample sizes per protocol, at randomisation/
allocation and interventions received, characteristics of the inter-
ventions, length of follow-up and baseline data of the samples,
which included age, sex, severity and type of spondylolisthesis.
We then extracted data on outcome measurements (see above),
preferring a 2-year follow-up. All steps of the review process
were discussed and validated by the national panel of experts
in spine surgery consisting of six neurosurgeons and six ortho-
paedic surgeons.

Quality assessment

Two reviewers (LK and DT) separately assessed study quality using
the Cochrane risk-of-bias tool for randomised trials (RoB 2).° Any
disagreements were resolved by discussion or with a third reviewer
(MK). The results are shown in online supplemental appendix B
using the robuis tool”' to visualise the risk of bias.

Data analysis

We undertook statistical pooling for all outcomes where at least
two study results were available via Cochrane RevMan software
(Review Manager (RevMan) (Computer program), V.5.4, The
Cochrane Collaboration, 2020), if appropriate. We pooled data
with a minimum follow-up of 2 years (only relevant for ODI,
pain and reoperation rate). If the 2-year follow-up data were
unavailable, we chose data for a longer follow-up of up to 5
years. If the CI or SE were available, we calculated the SD using
the software tools. We transformed the values for pain measured
on a numeric rating scale from 0 to 10 to a visual analogue scale
(VAS) ranging from 0 to 100. We used the VAS scale throughout
the review.

We presented the summary estimate as an OR with 95% CI
using the Mantel-Haenszel random effects model for the dichot-
omous data. We estimated the OR using intention-to-treat data,
if available. The dichotomous data included the complication
and reoperation rate.

We presented the mean difference (MD) with 95%CI for
the continuous data using the Mantel-Haenszel random effects
model. The continuous data included the outcomes of ODI,
leg pain, back pain, blood loss during surgery, duration of the
surgery and length of hospitalisation.

We planned subgroup analyses for categories of DS (specifi-
cally, according to stability); however, data were unavailable to
allow statistical pooling.

Rating the certainty of evidence

The GRADE approach for grading the COE was followed, and
a Summary of Findings (SoF) was created using GRADEPro
GDT (McMaster University, ON, Canada).”* The SoF presents
the following information where appropriate: absolute risks for
treatment and control, estimates of relative risk and a ranking
of COE based on the risk of bias, directness, heterogeneity,
precision and risk of publication bias of the review results. To
determine the risk of publication bias, we used general indica-
tors (eg, geographical distribution of the studies), as there were

too few studies to use a statistical tool for analysis. We assessed
statistical between-trial heterogeneity using the I statistics.'> We
used the minimal clinically important differences determinations
proposed by Asher et al to interpret the results.”

Patient and public involvement

This study is a meta-analysis of previously published studies. No
patients were involved in setting the research question or the
outcome measures, nor were they involved in developing plans
for the design and conduct of the study. No patients were asked
to advise on interpretation or writing up of results.

RESULTS

Our systematic search gave 4514 records. After removing dupli-
cates, we screened 1704 records identified through database
searching and 169 through reference list searching and assessed
the full texts of 17 reports against the eligibility criteria for this
review. We excluded 11 reports that did not meet the criteria
or did not use proper randomisation (online supplemental
appendix C). Finally, we included four RCTs (six reports).***’
See figure 1 for an overview of the search and screening process.

The four included trials published between 2016 and 2021 with
60% to 262** participants randomly allocated LSS patients with DS
either to decompression only or decompression with instrumented
fusion. Forsth et al did not measure instability, Ghogawala et al
included only stable spondylolisthesis patients and Austevoll and
Inose et al had 21%-26%and 41%-42% patients with instability
defined as =3 mm forward translation or =10°C of angular rota-
tion, respectively, assessed on dynamic standing radiographs. All
studies provided a minimum of 24 months of follow-up, with Inose
providing 1 and 5-year follow-ups and recently making data avail-
able for a 12-year follow-up.” The mean age of patients spanned
61-68 years across the four trials. The mean degree of vertebral slip
ranged from 5.6 mm to 8.1 mm. Table 2 presents the complete char-
acteristics of the included trials (for details, see online supplemental
appendix F).

Three trials with 461 participants suggested adding fusion to
decompression likely results in little to no difference in ODI at 2-year
follow-up with MD 0:86 (as measured on a scale of 0100, with 100
indicating more severe impairment; 95%CI from —4-53 to 6:26;
I>=59%; moderate COE, figure 2), slightly favouring the group with
fusion. Three trials** 2% with 455 participants showed decompres-
sion without fusion likely reduces back pain slightly more compared
with the group that underwent decompression with fusion, with
MD —5-92 (scale 0-100, with higher numbers indicating more pain;
95%CI from —11-00 to —0-84; [*=0%; moderate COE, figure 3)
and results in little to no difference between the two groups in
leg pain with MD —1-25 (95% CI from —6-71 to 4-21; *=0%;
moderate COE, figure 4); however, slightly favouring the group
without fusion.

Three trials with 436 participants showed that both
interventions might result in a similar reoperation rate with
OR 1-23 (95% CI from 0-70 to 2-17; [*=0%; low COE, online
supplemental figure S1), slightly favouring the group with fusion.
Three trials® 2 27 with 388 participants showed 30 complica-
tions in the decompression only group and 56 complications in
the fusion group (low COE, see online supplemental appendix
DAppendix D). The same trials showed that decompression
without fusion likely results in a considerable reduction in the
length of hospital stay with MD —1-7 days (95%CI from —1-75
to —1-65; *=0%; moderate COE, online supplemental figure
S2). Four trials®* 2**® with 521 participants showed that decom-
pression without fusion likely results in a shorter surgery with
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Figure 1  Study selection.

MD —93-97 mins (95%CI from —125-44 to —62-50; [*=95%;
moderate COE, online supplemental figure S3). The same trials
also showed blood loss is probably greatly reduced when fusion
is not performed with MD —320-55 mL (95%CI from —389-61
to —251-49; I’=60%; moderate COE; online supplemental
figure S4). No meaningful differences were identified between
the two groups in QoL.

The risk of outcome bias across all studies was similar and
predominately ‘low’. The authors poorly reported the details
of blinding patients and outcome assessors; however, blinding
may be difficult for these interventions and its absence may not
significantly impact the results. Therefore, we assessed the risk of
bias as of ‘some concern.” Table 3 shows the GRADE assessments
of the COE. COE started at high and was further downgraded
for all outcomes by one or two levels. We downgraded for risk
of bias (inadequate blinding in subjectively assessed outcomes)
and imprecision (low number of events and wide Cls). Some
heterogeneity was identified, but for surgery-related outcomes,
it could be explained by the inherent differences in workplaces
and the decompression method chosen. We downgraded for
unexplained heterogeneity for complication rate and ODI. The
final COE was low to moderate across outcomes.

DISCUSSION

This review shows that spinal fusion may not be necessary in
most cases of DS. At 2 years after surgery, the results for ODI,
leg pain, reoperation rate and QoL are comparable between both
groups (decompression with and without fusion), and omitting
fusion likely reduces back pain slightly more compared with
decompression with fusion. Isolated decompression is linked
with fewer perioperative complications. Fusion is associated
with a notable increase in the duration of surgery, blood loss and

extended hospital stay. Data were not available to assess differ-
ences in stable versus unstable spondylolisthesis.

Over the past decades, there has been an upward trend in the total
number of lumbar fusion procedures worldwide. Martin et al found
a62.3% increase in elective lumbar fusion surgery between 2004 and
20135. Patients with DS accounted for most elective fusion procedures
in the USA (45-2% in 2015) and had the greatest increase (111%).
Analysis of the Norwegian Patient Registry revealed that the rate of
complex lumbar procedures (of which spinal fusion accounted for
949%) increased by 154% between 1999 and 2013.%° Spinal fusion
in properly indicated cases of DS results in excellent long-term (10
years) clinical outcomes.*' However, it is a much more invasive and
expensive procedure®” with a higher incidence of complications than
isolated decompression.'? It is also associated with the development
of degeneration or even symptomatic stenosis or instability of the
adjacent spinal segment (ASD, adjacent segment disease). The inci-
dence of ASD following lumbar fusion is 9% with a reoperation rate
of 6.2% at 5 years postoperatively.* Our results indicate a higher
risk of complications after spinal fusion. Spinal fusion is also associ-
ated with extended hospital stay and higher blood loss.

Some published systematic reviews did not find signifi-
cant differences between the two treatment options.’ 8 ' 1214
On contrary, other meta-analyses® ” * found greater efficacy
of decompression with fusion than decompression alone. In
addition to other limitations, all the reviews inappropriately®®
combined RCTs with observational studies. Moreover, some
studies”® !> ¥ used data from pseudo-randomised trials in which
an old fusion technique (Steffee plates)**
was used. For our review, we included only RCTs in

or non-instrumented
fusion®
which the fusion was performed using pedicle screw fixation,
which has been established as the gold standard for spinal fusion
because of its anchoring strength.*® The use of anterior column

660

Kaiser R, et al. / Neurol Neurosurg Psychiatry 2023;94:657-666. doi:10.1136/jnnp-2022-330158


https://dx.doi.org/10.1136/jnnp-2022-330158
https://dx.doi.org/10.1136/jnnp-2022-330158
https://dx.doi.org/10.1136/jnnp-2022-330158

Neurosurgery

‘alleuuonsany ui

edipne|) Ydunz ‘DIz ‘a|eds anbojeue [ensia ‘SyA ‘aarleuuonsang ASAING yijesH 9¢ wiio4

10YS '9¢-45 xapu| Aujiqesig AinsamsQ ‘@0 ‘a[eds Bunel dpswinu ‘SyYN ‘sisouays [eurds Jequun| ‘57 ‘1035 uopeossy d1paedoyiiQ asaueder ‘yor ‘dn-mojjoy ‘4 ‘suoisuawilqg G—a47 Jo Aljend ueadoing ‘as-03 ‘sisaysijojApuods aanesauabap ‘sq ‘uoisny yim uoissaidwodap 4q Ajuo uoissaidwodap ‘g

G 1eak
anesadoisod 1e (9%6<)
abeddi|s jo uoissaiboud

Jo 8a16ap ‘suonedljdwod
annesadouad pue

auids ayy

JO UOISURIXa pue
UOIXD]} UBaMIAQ
ELIEMENET

J0 uone|sue

JO WW p< Jo
uone|nbue jo
saaubap 0| < Jo

'sioyine woly elep paysigndun,,

annesadoesnu Jofew lweuig
pue Aeys [endsoy uonexiy ydesboipes
«(157) annesadoisod jo  mans spipad pue |esa3e| ueyd e uo 3|qelsul
89'L «(10°€) 87’9 (zp) €1 (8€) 1'8 (§9)0z (L9 T19 L€ 4d uoeanp 'ss0j poojq 1jei6 auoq el BIGALIAA ] BYLJO  PUE J|GEIS JO XIA|
€0 ‘uonjesado Jo uoneinp snousboine yum  sisayasijojpuods  [an3] G/ 3Y1 1e S 5oueder
179 «(L1'€) 8T'S () zL (959 (wzL  (98)v'e9 67 a ri'o9'zl ‘B3] pue ydeq SYA 'VOf  UOISNy [eI23e|0I3}s0d JOWWES  YUM SST [A3] 3UQ 81O B 19 "Bsou|
(15840 de
3y} woly pajsaniey
1eib suoq e yum
'SISYISI| JO [9A3)
) SS0.2€ SpoJ
fojje wniuey pue (ww gsuonow)
feys Jo ypbus| smaids 3pipad jo a|qess Ajuo
pue ‘awiy aAnjesado ‘sso|  uonejuejdu se |jam “fyredojnoipes
poojq ‘suojesadoal se Awoyauiwe| Jequin| 3noyum Jo 2SN
pue suonedidwod lequin| e) uoisny Yim uonesipnep lel dI1s
- - - @9 9s (¥8) 9¢ (@) 99 L€ 40 ‘lao ‘usuodwod pajusWInisul (9°| pue dlusboinau pue 9107 |e
- - - (€759 (o) Ltz (08) S99 13 a 8ypueyz'zl [ev1shyd 9¢-45 |e431E[0JB]SO4  €'| UBBL) WUl |~ Ss1‘19peifi’'sa 19 'ejemeboyn
(paunseaw
10U) 3|qelSul pue
ww €= dijs piemioy 3|qe1s JO XN
1591 yjem !(paurelqo jou s1eak og pue
ulw 9 ‘(uondejsies) a19m sydeiboipes Qg ‘(MaIAaI SIy) Ul
sawodIno payiodal UOISURIXa—UOIX3}}) Pasn S YIM asoyy
(199 07 ¥9 - Q1L (1'92) 1S (£) 89 L9 4d wwaned )z ‘6| pue uoabins Aq fydesBoipes  Ajuo) sq oM T
(o) 59 ("2 €9 - 8L (7"28) 95 (2) L9 89 a 09 pue 7 ¥Bq SYA‘A5-03°1Q0  PAUILLISIBP POYIBIN  [BI3}e] [RUOIUBAUOD 10 LM SST 910 [ 38 ‘yisiod
9JIA3P OIS}
(eep Buissiw |eIgRLISAIIUI UE JO
1o} suoneindwi ypm) eyep asn [euondo yum
9|qe|IeAR YIM UONBSIWOpUR]  9[EIS 108} PaAdIad  ‘sisayisijojApuods 3|gelsul
U} Y1IM 3DUBPIO. Ul [BQO[D BY) UO J9A3 UBY)  JO [9AD] BY) SS0A0R pue 3|qess Jo XI\
JUSWILAI) [BLI} BY) PAAIBIAI  BSIOM, JO ,3SIOM LdNW, Bunelb suoq ww £25q 'sST
oym syuaned |[e :siskjeue Sem UORIPUOD J1dy} pue spos yum sydesboipes  ‘aied aANRAIBSUOD
1231)-0)-UONUIUI PAYIPOIN jey) papuodsasoym  smansapipad jo  Buipuels dlweukp  Jo syluow € 1ses)
papuljq (uawssasse  syuaned jo abejuadiad uonejueldwi Aq Aq passasse se 1e 0] papuodsal
awo21no) siojebisanul ‘papuljq  dyj pue suonesadoas  Pamoj|oy ‘pasn sem ‘uone[nbue jo  jou pey eyl squ
j0u Ajay suaned :6uipulg  pue suonedldwod ‘Aels  (saunNIS BuIPIW saaibap 0| 15e9]  Jamoj ayy ul uted s7Aenmion
9- J0 syd0|q |eudsoy Jo uonensasaid 1810 ‘Ww g Ises|  Buneipes sejndipes leln
ur a1uad 0} buipiodde paynens jo yibus| pue Aabins jo INOYLIM 10 Y1IM) 1€ Jo abeddi|s 1o uonedpnep  $a-NILSAYON
VTFL9 VeFL9 (19 tz ®oTL (z'89) 88 6'/¥5'99 6cl el ‘pajesausb-1andwod :uopedoly  uoneInp “1€-as-03 ‘ba| uoissaidwodsp —Aupgeisur djuaboinau 1202
07F99 0C¢FL9 (92) s¢ (ze) 9L (z69) 26 v'L¥0'99 €€l a pT'€ ohel || Jo uonesiuiopuel ani - pue3peq SYN ‘DIZ ‘Id0 Jo1133504 dlweufq 'steaf 0g-gL  [e12 'joAdsny
(as) (as) ueaw (%) u  (@s) ueaw ‘(ww) (%) u (as) uesw 9z2Is  suonuaAsRul  (sypuow) n4 sulewop selq Jo sty sawodnQ Yoeoidde [edibuns  sq Jo uontuyaq sjuediyieq fiunod
ueaw  "yeq-SyA dijs [eagarsan ‘(9]ewdy) ‘(siedh) aby  adwes 1eak Joyiny
'63]-SYA dlweukg JLEEIEN] JENIED)

elep aul[aSeq pue S|eLl} Paj|0Jiuod PISIWOpURI PIPN|IUL BY} JO SHsLReIRY) 7 d|qel

661

10.1136/jnnp-2022-330158

657-666. doi:

94:

Kaiser R, et al. J Neurol Neurosurg Psychiatry 2023



Decompression only Di p ion with f Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Rand 95% Cl IV, Random, 95% CI
2.1.1 Change from baseline scores
Austevoll 2021 (1) -20.6 14.5753 133 -21.3  14.3503 129 46.1% 0.70 [-2.80, 4.20]
Ghogawala 2016 (2) -17.9 18.8251 35 -26.3 18.8251 31 21.8% 8.40 [-0.70, 17.50] - >
Subtotal (95% Cl) 168 160 67.8%  3.36 [-3.82, 10.53] b—»

Heterogeneity: Tau? = 17.27; Chi? = 2.40, df =1 (P = 0.12); I> = 58%
Test for overall effect: Z = 0.92 (P = 0.36)

2.1.2 Post-intervention scores

Forsth 2016 (3) 21 18 66 25 19 67
Subtotal (95% Cl) 66 67
Heterogeneity: Not applicable

Test for overall effect: Z = 1.25 (P = 0.21)

Total (95% CI) 234 227
Heterogeneity: Tau? = 13.27; Chi? = 4.87, df = 2 (P = 0.09); I = 59%

Test for overall effect: Z = 0.31 (P = 0.75)

Test for subgroup differences: Chiz = 2.28, df = 1 (P = 0.13), I = 56.2%

Eootnotes

(1) SD calculated from 95% CI

(2) SD calculated from 95% CI

(3) The fusion group might have included up to 5 patients with non-instrumental fusion.

32.2%  -4.00[-10.29, 2.29] - &

32.2% -4.00 [-10.29, 2.29] e

100.0%  0.86 [4.53, 6.26] ’-
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Favours [decompression] Favours [fusion]

Figure 2 Forest plot for the Oswestry Disability Index (ODI, measured on a scale of 0-100, where 100 indicates the most severe disability) at the 2-year
follow-up. ‘Favours fusion’ means the ODI was lower (or improved more) in the decompression-+fusion group.

support by adding interbody fusion does not influence the clin-
ical outcomes compared with DS cases treated by posterolateral
fusion.”” Therefore, we included both techniques in the anal-
ysis. We excluded historical studies comparing cases after non-
instrumented fusion due to its lower rate of solid fusion and
higher rate of definitive pseudarthrosis.*®

According to the latest recommendations of The North Amer-
ican Spine Society from 2016 based on older observational data,
simple decompression may be considered for symptomatic DS
with low-grade (up to 20% anteroposterior caudal vertebral
body) slip unresponsive to conservative treatment. The authors
noted that in the case of preserving medial structures, it leads to
equivalent results as instrumented decompression. Based on the
available evidence, it was not possible to make recommendations
for or against supplementing fusion in these patients or to predict
the success of surgery in terms of age, comorbidities, duration of
symptoms or body mass index.'® In 2020, Sharif et al published
the consensus of the World Federation of Neurosurgical Soci-
eties Spine Committee on indications for lumbar spine fusion
in DS. They recommended isolated decompression for patients

with spinal stenosis without signs of instability and predominant
leg pain. Lumbar fusion may be added in patients with unstable
symptomatic DS or spinal deformity and in those who undergo
bilateral facetectomy of over 50%.%° Our results support that
these recommendations in that fusion are generally no added
benefit in DS. However, we could not analyse the outcome
according to the level of vertebral slip or instability. Despite
the consensus of the professional societies and our findings,
the survey studies demonstrate a huge discrepancy among spine
surgeons in the surgical management of DS. For instance, Spina
et al found that 40% of surgeons would always perform fusion in
stable DS.*° Schroeder et al reported that older patients would be
more likely treated by isolated decompression. Conversely, insta-
bility or low back pain made a fusion more likely than an isolated
decompression. At least 2.5% of surgeons in every circumstance
recommend isolated decompression, and up to 53% of surgeons
recommend this approach in older patients without considerable
low back pain or instability.*' Despite these recommendations
and responses, registry-based studies found that 96% of patients
with DS in the USA underwent a fusion in 2011* and 90.6%

Decompression only D p ion with fi Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Change from baseline scores
Austevoll 2021 (1) -33.9 27.9846 133 -20.4  27.5526 129 57.1%  -4.50[-11.23, 2.23] i
Subtotal (95% CI) 133 129 57.1% -4.50 [-11.23, 2.23] -‘—

Heterogeneity: Not applicable
Test for overall effect: Z=1.31 (P = 0.19)

1.2.2 Post-intervention scores

Forsth 2016 (2) 26 25 66 36 29 67
Inose 2018 (3) 239 242 29 26.3 324 31
Subtotal (95% CI) 95 98

Heterogeneity: Tau? = 0.00; Chiz = 0.76, df = 1 (P = 0.38); I? = 0%
Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI) 228 227
Heterogeneity: Tau? = 0.00; Chi? = 1.16, df = 2 (P = 0.56); I* = 0%

Test for overall effect: Z = 2.28 (P = 0.02)

Test for subgroup differences: Chi? = 0.40, df = 1 (P = 0.53), I = 0%

Eootnotes

(1) SD calculated from 95% CI; means transformed from NRS scale to VAS

(2) The fusion group might have included up to 5 patients with non-instrumental fusion.

(3) data from authors (5-year FU)

30.5% -10.00 [-19.20, -0.80]
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Figure 3 Forest plot for back pain (measured on a scale from 0 to 100, with 100 indicating the most severe pain) at a minimal follow-up of 2 years.
"Favours fusion” means the back pain score was lower (or improved more) in the decompression-+fusion group.
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Decompression only
Study or Subgrou Mean [points] SD [points]
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Subtotal (95% CI) 133

Heterogeneity: Not applicable

Test for overall effect: Z = 0.62 (P = 0.54)

1.3.2 Post-Interventlon scores

Forsth 2016 (2) 29 31 66 32 30
Inose 2018 (3) 31.6 28.6 29 23.6 35
Subtotal (95% CI) 95

Heterogeneity: Tau? = 12.64; Chi# = 1.26, df = 1 (P = 0.26); *= 21%
Test for overall effect: Z=0.13 (P = 0.89)

Total (95% Cl) 228

Heterogeneity: Tau? = 0.00; Chi? = 1.44, df =2 (P = 0.49); 12 = 0%

Test for overall effect: Z = 0.45 (P = 0.65)

Test for subgroup differences: Chiz = 0.21, df = 1 (P = 0.65), I?= 0%

Footnotes

(1) SD calculated from 95% CI; means transformed from NRS scale to VAS

(2) The fusion group might have included up to 5 patients with non-instrumental fusion.
(3) data from authors (5-year FU)

Decompression with fusion
Total Weight 1V, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Mean Difference

129 60.8%  -2.20[-9.21,4.81]

129 60.8%  -2.20 [-9.21, 4.81]
67 27.7% -3.00[-13.37,7.37] =
31 115%  8.00[-8.13, 24.13] >
98 39.2%  0.69 [-9.49, 10.88] e ——

227 100.0%  -1.25[-6.71, 4.21] ’
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Figure 4  Forest plot for leg pain (measured on a scale from 0 to 100, where 100 indicates the most severe pain) at a minimal follow-up of 2 years.
"Favours fusion” means the leg pain score was lower (or improved more) in the decompression-+fusion group.

between 2005 and 2015."° Analysis of data from multicentre
studies from Canada (2015-2019)* and France (2009-2013)**
showed that fusion was performed in 76% and 83% of DS cases,
respectively. In the DS cohort of the Spine Patient Outcomes
Research Trial (SPORT), only 7% of patients had instability.
Leg pain as the predominant clinical symptom was present in
349 of patients, back pain in 26% and a combination in 40%.*
Assuming this cohort represents patients undergoing surgery for
DS, one would expect over 4%-24%"" ***** would be a candi-
date for simple decompression. The high proportion of fusion
may be related to no clear evidence for its use, rapid increase
in the global instrumentation industry® and insurance status in
countries with private insurance. John et al reported that private
insurance patients had the highest incidence and the highest
annual growth of spinal fusion in the USA.*

DS can be well demonstrated on a lateral spine X-ray and is often
evident on MRI examination. The simple presence of DS does not
indicate biomechanical instability, but sagittally oriented facets and
substantial facet opening are more predictive of instability.*® DS is
divided in the literature into static (‘stable’), that is, unchanged in
different positions of the spine and dynamic (‘unstable’). Although
the difference in slip of at least 3 mm between flexion and extension
is most often mentioned in the literature as a sign of instability, there
is no clear definition of unstable spondylolisthesis.*” A consensus
has been reached on the need to fuse an unstable spinal segment,
regardless of actiology.” However, the evidence that ‘instability’
in DS is a treatment effect modifier when comparing decompres-
sion with and without fusion is lacking.” On the other hand, it
is generally accepted that fusion has no added clinical advantages
in treating isolated L.SS."" LSS associated with DS makes surgical
management more complex and controversial. The resection of the
posterior vertebral structures carries a potential risk of developing
iatrogenic instability after isolated decompression. This risk is prob-
ably comparable to developing ASD after fusion as our results show
a similar reoperation rate in both interventions. Evidence shows
that symptomatic progression of the slip in patients after decom-
pression without solid fusion becomes apparent only in long-term
follow-ups.*® However, this evidence is not supported by Férsth et
al”® with 5 years of follow-up and Inose et al”® with 12 years of
follow-up. These authors did not find a difference in the reoperation
rate between groups.

This study had some strengths. First, we focused exclu-
sively on the spinal fusion using pedicle screw fixation,

which is currently recommended and did not include studies
with techniques that are no longer used. Second, we included
only RCTs with true randomisation to base our conclu-
sions on highly reliable data. Third, we used the highest
standard of methods, including a recent and robust search
(May 2022), not pooling different study designs, using data
from similar studies, and providing the GRADE assessment.
Fourth, we verified and triple checked the accuracy of all
data and contacted study authors for missing information.
Finally, we used data for minimum of a 2-year follow-up
because short-term data have limited impact on decision-
making in practice and are difficult to interpret.

However, our study is not without limitations. DS is a
heterogeneous pathology and we only assessed it in a single
group. Thus, exploring which subpopulations may benefit
from adding fusion is needed. We could not provide this
information as two trials did not measure stability,” *® and of
the other two that measured instability, one did not measure
the results of the subgroup?® (authors were contacted for
this information), and Austevoll et al plan to publish data on
stability separately.”” Kepler et al proposed the Clinical And
Radiographic Degenerative Spondylolisthesis (CARDS) clas-
sification dividing cases of DS based on the presence of disc
collapse, instability, focal kyphosis and symptoms.’® None of
the RCTs evaluated patients in such detail. Despite the not
entirely clear definition of the stable/unstable slip, the inclu-
sion of the apparently unstable DS cases with stable ones
makes the conclusions of the studies limited. To adopt the
best treatment algorithm, future studies should, therefore,
adopt CARDS or similar system to determine possible vari-
ables affecting treatment results. It means that not only the
amount of translation or angular instability from standing to
supine (or on flexion-extension views) but also the amount
of fluid visible in the facet joints on MRI, the severity of the
foraminal stenosis, the orientation of the facet joints, the
focal kyphosis at the level of the spondylolisthesis and the
dynamic nature of the symptoms from supine to standing
should be considered when evaluating patients before treat-
ment.*! Moreover, the data might be influenced by the
proficiency of the operating surgeons. It was not possible to
adjust for this factor in the meta-analysis.

Our systematic review and meta-analysis were designed and carried
out by a national panel of experts in spine surgery and evidence
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Table 3 The GRADE summary of findings table

Number of Anticipated absolute effects$#

participant

(studies) follow- Certainty of the  Relative effect Risk with decompression  Risk difference with
Outcomes up evidence (GRADE) (95% Cl) and fusion decompression
ODI (FU 2 years) 461 ($11E3]0) MD 0.86 (—4.53 to 6.26) - MD 0.86 points higher
Scale: 0-100 (3 RCTs) Moderate* (4.53 lower to 6.26 higher)
Higher ODI indicates more
impairment
Back pain (FU 2 years) 455 DDDHO MD -5.92 (-11.00 to —0.84) — MD 5.92 points lower
Scale: 0-100 (3 RCTs) Moderatet (11 lower to 0.84 lower)
Higher number indicates more pain
Leg pain (FU 2 years) 455 [l ]0) MD -1.25 (-6.71t0 4.21) - MD 1.25 points lower
Scale: 0-100 (3 RCTs) Moderatet (6.71 lower to 4.21 higher)
Higher number indicates more pain
Reoperation rate (FU 2 years) 436 ®pO O OR1.23 128 per 1 000 25 more per 1 000

(3 RCTs) Lowt§ (0.70t0 2.17) (35 fewer to 113 more)
Complication rate (intraoperative ~ 388 dHpOO There were 30 complications in the decompression only group and 56 complications in the
and perioperative complications, up (3 RCTs) Lowq| fusion group, with data driven mainly by Austevoll et al due to the highest number of recorded
to 3 months after discharge) complications. When counting only the complications that occurred during hospital stay in

Austevoll trial, the total number of complications in the three trials is 20 and 38.

Length of hospital stay (days) 388 ®PDO MD -1.70 (-1.75to -1.65) — MD 1.7 days lower

(3 RCTs) Moderatet (1.75 lower to 1.65 lower)
Duration of surgery (min) 521 ®PDO MD -93.97 (-125.44 to - MD 93.97 mins shorter

(4 RCTs) Moderate** —62.50) (125.44 lower to 62.5 lower)
Blood loss during surgery (mL) 521 [C1e1]@) MD -320.55 (-389.61 to - MD 320.55 mL lower

(4 RCTs) Moderatett —-251.49) (389.61 lower to 251.49 lower)
Quality of life 397 ®PDO In Forsth et a/, the quality of life was measured by EQ-5D with the decompression only group

(2 RCTs) Moderate§ (n=66) having a 2y FU score of 0.69+0.28 and the decompression plus fusion group score

0.63+0.31 (p=0.20). (Scale —0.59 to 1.0, Higher score=better quality of life). Austevoll et al used
the same scale to assess QoL with decompression-alone group showing a score of 0.70 (95%
C10.65 to 0.75) at 2-year follow-up and fusion group 0.72 (95% Cl 0.67 to 0.76). No important
differences were identified between the groups in quality of life.

We used the following minimal clinically important differences: ODI 14-3, back pain 16, leg pain 17 points.

*Downgraded by one level due to heterogeneity of 59%.

tDowngraded by one level due to imprecision for low number of events.
tDowngraded by one level for risk of bias (lack of blinding).
§Downgraded by one level for imprecision.

fiDowngraded by two levels for concerns with risk of bias (inadequate blinding), high imprecision due to low number of events, and small heterogeneity between trials.
**Downgraded by one level for risk of bias. Heterogeneity was high (95%), however, it can be explained by the character of the outcome and the differences in the method of

measurement, practices, skills and the operational methods at the respective workplaces.

ttDowngraded by one level for risk of bias. Heterogeneity was high (60%), however, it can be explained by the differences in measurement of the outcome across workplaces
(trials) and the chosen methods of decompression. The results of trials, however, were consistently in favour of decompression only and all clinically significant. We, therefore, did

not downgrade for inconsistency.

+$The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
EQ-5D, European Quality of Life—5 Dimensions; FU, follow-up; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; MD, mean difference; ODI,

Oswestry Disability Index; QoL, quality of life; RCT, randomised controlled trial.

synthesis experts. Information specialists specialising in evidence
synthesis searching devised the search strategies and conducted
the search in nine databases in May 2022 to capture all available
published and unpublished data from RCTs. We aimed to include
only the highest level evidence focusing on properly randomised
trials and solid definitions of DS and fusion technique (pedicle screw
fixation). Despite all these efforts, another limitation of this review
is the inclusion of only four trials with just over 500 participants.
Due to many difficulties associated with conducting neurosurgical
RCTs,! the trials are scarce; however, two are currently registered
(NCT02348645 and DRKS00000237).

After careful examination of our meta-analysis using the
GRADE approach, the certainty in the evidence on the safety and
efficacy of isolated decompression was rated as low to moderate.
Thus, future research is unlikely to change our confidence in the
estimate of effect. Therefore, conclusions of our study should
be considered strong enough to influence the clinical practice.
Our national guideline development group has formulated a

conditional recommendation based on these findings which will
be published subsequently. The main limitation of this review is,
therefore, the inability to provide more specific findings on who
might benefit from adding fusion to decompression, as discussed
above, and this decision needs to be based on observational data
and clinical expertise in each individual case, until further data
are published by Austevoll et al.

CONCLUSIONS

Our findings provide clinicians and healthcare policy makers with
a comprehensive assessment and high-quality evidence on the
safety and efficacy of simple decompression as a superior option
for patients with stable DS. This conclusion might be especially
useful for patients in higher age groups who are likely to be better
served by the lower morbidity associated with decompression
alone.
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