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Abstract

Objective: To determine risk factors for negative global tneat outcomes (GTO) as self-assessed
by patients undergoing surgical treatment for lungpanal stenosis (LSS).

Methods: Patients from the Spine Tango registry undergoiimgt-fime surgery for LSS were
analyzed. The primary outcome was GTO measurechatlast available follow-up»3 months
postoperatively using a single question rating mouch the operation had helped the patient's back
problem (negative=no change/operation made thingsey. A 2-level logistic mixed effects model
with the treating department as the random effext wsed to assess factors associated with a regativ
outcome.

Results: 4,504 patients from 39 departments in ten counwie® include. Overall, 14.4% of patients
reported a negative GTO after an average follovolup.3 years. In patients with dominant leg pain,
negative outcome was associated with higher basblick pain; in those with dominant back pain, it
was associated with higher baseline back pain,*SAower age, not having rigid stabilization, not
having disc herniation, and the vertebral levahef most severely affected segment (L5/S1 vs L3/4).
Four departments had significantly higher odds ofegative outcome, while one department had
significantly lower odds. Three out of the four agge effects were related to two departments from
one country.

Conclusions: LSS surgery fails to help at least one in 10 p#diedigh baseline back pain is the most
important factor associated with a negative treatnmutcome. Department-level and potentially

country-level factors of unknown origin explained@-negligible variation in the treatment results.

Keywords

Spine Tango; lumbar spinal stenosis; negative omcanixed effect model

I ntroduction

Degenerative lumbar spinal stenosis (LSS) is omeutiderlying indications for 42% of all spine

surgeries recorded in the international Spine Taeggstry. LSS is characterized by a narrowing of
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the central canal and/or the intervertebral forardaa to degenerative changes, and possibly also
genetic factors, leading to compression of neuradl @ascular elements in the lumbar sfine

According to the Framingham population-based stbdiween 19-47% of people aged over 60 years
have radiological evidence of spinal stenosis ompmged tomography, depending on the criteria

used. With increasing life expectancy, the overall @ience of LSS will continue to increése

The initial treatment approach is usually conseéveatlf conservative treatment proves unsuccessful,
surgery is advocated and has been shown to reshétier outcomes than non-operative treatrilent
Surgical options include decompression alone, decession with (instrumented) fusion, and
decompression with posterior dynamic stabilizatidrhe relative efficacy of each of these
interventions in terms of the reduction in pairétidity and improvement in walking capacity remains
uncertaifi. Moreover, patients with dominant back pain asosep to dominant leg pain appear to
respond differently to surgical decompression. #daick et al. and later Pearson et al. reported
significantly less favorable outcome after decorsgian in patients with dominant back paiff.
Beyond treatment and patient characteristics, tiseséll a limited understanding of other facttinat
may potentially be associated with treatment efficy, such as hospital characteristics, standard
clinical procedures and healthcare systems. To, dhte association of the latter with treatment
outcome in LSS has not been studied. Patient demistccs have been scrutinized frequently,
although they account for only a proportion of #lagiance in poor outcome. There is growing interest
in hospital benchmarking and quality assuranceclwvhequires good understanding of the variation in

treatment outcomes.

Much of the published literature on LSS has focusedanalyzing factors thought to be associated
with an increased likelihood of achieving the miastorable treatment outcomé’, or on finding a
balance between benefits and harms to the p&tiétawever, in view of the ethical principle of non-

maleficence, it is equally important to analyzeesasf failed therapy.
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The aim of this study was to determine potentisik factors for negative global treatment outcomes
(GTO) as self-assessed by patients who had undemenrgical treatment for degenerative LSS. We
hypothesized that risk factors associated with mega@utcome are apparent at both the patient and
hospital-level. Based on the evidence of differprignoses for patients with dominant back pain

rather than dominant leg pajithe analyses were stratified for these two groups

Materialsand M ethods

Sudy design

We conducted a case-control study using data floeninternational spine registry Spine Tango,
hosted at the University of Beéfh The data were collected in a prospective obsiemnalt multi-center
manner. Physician-based forms are used to docudwmbgraphic and diagnostic data, previous
treatments and surgical details. The registry etdlects data from the Core Outcome Measures Index
(COMI) completed by the patients themselves eilighe treating center or independently at home.
The last three iterations of the Spine Tango syrgata collection form (versions 2005, 2006, and
2011) were used in the analysis. These form vesstomered the period from 2004-2017 and included

patient data from 114 hospitals in 17 countries.

Patient population

The inclusion criteria included: diagnosis of degrative LS$', aged between 18 and 100 years,
documented American Society of AnesthesiologistSARclassification, any surgical decompression
procedure before 01.2017. The diagnosis of degtweraSS as primary patholoYyprecluded the
concomitant degenerative pathologies spondylolssheleformity and instability, and additional main
pathologies such as tumor, inflammation etc.; $oalequired that laminotomy, hemi-laminectomy,
laminectomy, partial facet joint resection or thee of an interspinous spacer be one of the surgical
measures used. Patients also had to have completiech pre-operative patient self-assessment form

and at least one post-operative form, 3-30 monities the index surgery. Exclusion criteria included
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anterior dynamic stabilization, any previous smnggery, and hospitals from countries with a lagkin

validated version of the COMI available in the patis language (validated ten languages).

If multiple surgeries were documented for a patiemiy the first surgery for LSS was considered,
with the follow-up COMI being the latest one priorany subsequent surgery. If multiple follow-up
forms were available for a patient, the latest didtem (before any subsequent surgery if the patien

was re-operated) was used for analysis.

Outcome

Patients completed the Spine Tango patient sedfsagsent form that includes the COMI. The COMI
is a self-administered questionnaireonsisting of seven questions evaluating five disiens: pain
(back and leg), back-related function, symptom-djgeavell-being, general quality of life and
disability (social and work§. Two pain graphic rating scales (GRS 0-10 poioégture back and leg
pain, and all other items use a 5-point scale.tR@rsummary score the average of the scores for all
five dimensions (each transformed to 0-10) is dated®. At follow-up, the patient self-assessment
form includes an additional question on the paseatsessment of the GTO (“Overall, how much did
the operation that you received help your back leraB”) with five response options (“helped a lot”,
“helped”, “helped only little”, “did not help”, ofmade things worse”). For the purposes of this
analysis, a “negative” global treatment outcomeofpand very poor outcome) was defined as one
where the patient reported that surgery eitherr‘diielp” or “made things worse”. Patients who
reported that surgery “helped” or “helped a lot"revelefined as having a “positive” global treatment
outcome (good and very good outcome). We excludgiénqts who reported that surgery “helped only

little” (middling cases), to have distinct cases aontrols.

Satistical analysis
Patients were analyzed separately according to hehdahey reported predominant leg pain (leg

pain>back pain;LLP”) or back pain equal to or greater than leg phack pairleg pain; ‘BP").
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The difference between pre- and post-operative COddres was calculated to assess whether the
observed change in COMI score was consistent Wihréported global treatment outcome.
Bivariate comparisons of pre-operative patient siedtment characteristics between the groups were

performed using Chi-square test for categoricad dad Wilcoxon rank-sum test for continuous data.

Considering the hierarchical structure of the dadevel (1-patient, 2-hospital department)
multivariate logistic regression models were usedabalyze factors associated with a negative
outcome. The treating department was assessedeasettond level, and the department specific
intercepts were used to describe the departmeaifispgeviations from the overall average.

Covariates included in the model as fixed effeatsevage and sex; the continuous variables for back
pain, leg pain, and COMI scores at baseline, follparate, and time between index surgery and
follow-up (months); binary (yes/no) variables foetadditional diagnoses of disc degeneration and of
disc herniation, surgical measures of partial fgaet resection, full facet joint resection, larmtomy,
hemilaminectomy, laminectomy, foraminotomy, disoety, sequestrectomy, fusion, rigid
stabilization, posterior dynamic stabilization; acategorical variables for ASA classification (1, 2
>3), extent of lesion (1, 2-3, >3 segments), mogersdy affected segment (L1/2, L2/3, L3/4, L4/5,
L5/S1), duration of previous conservative treatn{@onhe, <6 months, 6-12 months, >12 months), and
surgeon credentials (specialist, in training, gther

The GLIMMIX procedure was used for the multilevebdelling. To examine the effect of hospital,
the residual pseudo-likelihoods were compared e rtiodels with and without the random effect
using the COVTEST command to assess whether thelmadth random effect of the departments
fitted the data better.

The percentage of reduction in variance achievater?2-level model in comparison with the simpler
1-level (department only) model indicated the dedmewhich individual patient and department level
characteristics accounted for the observed outocamation. A comparison of patient and treatment
characteristics between departments with greatds dor a negative outcome versus all others was

performed using multivariate logistic regressionwihich all baseline factors were included and the
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likelihood of being a department with negative onte was modelled separately for LP and BP
patients.
The level of significance was 0.05. All statisticahalyses were conducted using SAS9.4 (SAS

Institute Inc., Cary, NC, USA).

Results

Patient, surgeon, and department characteristics

The database contained data on 103,164 spine mefpetween 01.2004-05.2017. Of 10,675 patients
meeting the medical inclusion criteria, 4,836 (4b)had completed a patient assessment form both
preoperatively and postoperatively, with their lagailable follow-up being between 3 and 30 months
postoperatively. Of these, 4,504 were availableirfotusion in the analysis, after patients repagrtin
that surgery “helped only little” were excludeddFiL). The study population of 4,504 patients had
received surgery for LSS between 10.2004-12.201.6ne of 39 departments (from 38 centers) in ten
countries (Australia, Austria, Belgium, Germanglyt Poland, Portugal, Switzerland, UK, and USA).
Of the patients analyzed, 2,312 (51.3%) reporteck h@ain equal to or greater than leg pain,
preoperatively.

Overall, at the time of the latest available follaw, 648 patients (14.4%) reported that their syrge
did not help their back problem or made things wos negative outcome was reported by 251
(11.4%) of the patients with predominant leg paing 397 (17.2%) of the patients with predominant
back pain, both at a mean follow-up time of 1.3rgeater the index surgery (overall inter-quartile
range 0.9-2.0 years). A comparison of patient egatrinent characteristics for both analysis grogps i

presented in Table 1.

In the LP group, compared with patients with a positive oate, patients with a negative outcome
were younger, more often had L5/S1 rather than la4/3he affected level, more often had surgery
performed by a surgeon in training or with othergsoen credentials, and more often were

decompressed using laminectomy; a lower proporiothem had received laminotomy, fusion, and
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rigid and dynamic stabilization, and they had higleg pain, back pain and COMI scores at baseline
(Table 1). In the_P group, the mean reductions in leg pain were 0.&%ffom 7.9 points at baseline)
and 5.2 + 3.0 points (from 7.6 points at baselfoe}hose reporting a negative outcome and a pesiti
outcome, respectively (p<0.001); the mean changésck pain were an increase of 1.2 + 3.8 (from
4.7 points at baseline) and a reduction of 1.5tints (from 3.9 points at baseline), respecfivel
(p<0.001). Finally, the reductions in mean COMIrscm the groups were 0.0 = 1.7 (from 7.8 points

at baseline) and 4.5 £ 2.7 points (from 7.4 poattsaseline), respectively (p<0.001).

In the BP group, compared with patients with a positive oote patients with a negative outcome
were younger, more often had received either noganetive conservative treatment or treatment for
6-12 months' duration, more often had L5/S1 rathan L4/5 as the affected level, more often had
surgery performed by a surgeon in training, andenwdten were decompressed using laminectomy; a
lower proportion of them had received partial fajeht resection, fusion, and rigid and dynamic
stabilizations, and they had higher leg pain, baaik and COMI scores at baseline (Table 1). In the
BP group, the mean reductions in leg pain were 0.0£8dm 6.6 points at baseline) and 3.6+3.5
points (from 6.3 points at baseline), for thoseorépg a negative outcome and a positive outcome,
respectively (p<0.001); the mean changes in batkyare 0.6t£2.4 (from 7.7 points at baseline) and
4.1+3.0 (from 7.2 points at baseline) points, respely (p<0.001). Finally, the reductions in mean
COMI score in the groups were 0.2+1.7 (from 8.2npoiat baseline) and 4.0+2.7 points (from 7.6

points at baseline), respectively (p<0.001).

Multi-level analysis

Variance of LP and BP model was reduced by 16%1at8d, respectively, when individual patient
and department level data were included, with angtreffect of department. Of the remaining
variation in both random intercept models, 14%hef variance across departments could be explained

by patient factors and 86% of the variance remaurekplained.
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One factor was associated with negative globalayogcin patients with predominant leg pain and six
factors in patients with predominant back pain (&€). Back pain score prior to surgery was a risk
factor for both groups, with the odds of a negatwcome increasing 9% and 14% for each point
increase in the pain scale for those with predominag pain and predominant back pain,
respectively. InBP patients, the odds of a negative outcome alsoedsed with ASA>3 in

comparison to ASA 1. The corresponding odds deectly 2% per year of age, by a factor 0.22 if
rigid stabilization was performed, and by a faabbr0.60 if L3/4 was the most affected segment
compared with L5/S1, and by a factor of 0.65 if phatient also had disc herniation documented

(Table 2).

The likelihood ratio test comparing the covariastrectures of the data with and without the random
effect of the department was significant (p<0.081)oth models, implying that the model including a

random effect of the treating department fitteddh&a better.

Of the 35 departments withP patients, thd.P-model revealed two departments, from the same
country, with a significantly higher odds of a néga outcome after adjusting for patient and

treatment characteristics (Fig. 2): in one, thesodtla negative outcome were 2.30-times (95%ClI
1.29-4.12; p=0.005), and in the other, 2.78-timM@s4Cl 1.18—6.53; p=0.019) the overall average.
For the other departments, there was no significsifiérence in the odds of a negative outcome

compared with average (p al0.05) (Fig. 2).

Of the 36 departments witBP patients, thé8P-model revealed two departments from two different
countries with significantly greater odds of a rtagaoutcome (one department of which was the
same outlier as for the previous analysis Wwi®), and another department from a third country &ith

significantly lower odds of a negative outcome cangpl with the average (Fig. 3): in the first case,
the odds of a negative outcome were 2.48-times (A5%44—4.25; p=0.001), in the second, 2.55-
times (95%Cl 1.20-5.42; p=0.015), and in the ttird8-times (95%CI 0.23-0.99; p=0.046) the
overall average. For the other departments, thasene significant difference in the odds of negativ

outcome compared with average (p>dl06) (Fig. 3).
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Comparison of patient and treatment characterigtitise departments with greater odds of a negative
outcome, the department with lower odds of a negaiutcome and other departments are shown in

Table 3.

Discussion

Summary of the results

Overall, 11.4% of the patients with predominant pain and 17.2% of the patients with predominant
back pain in the cohort reported at the last albgléollow-up that surgery did not help or madentjs
worse. The mean leg pain relief in thié group and back pain relief in tiB group was in each case
close to zero. Multi-level analysis revealed orsk fiactor (higher back pain at baseline) associated
with negative global outcome iIoP patients, and two risk factors (higher back pdibaseline and
ASA >3) and four protective factors (higher age, rigtdbdization, concomitant disc herniation,
affected level being L3/4) associated with negativeeome irBP patients. Moreover, the effect of the
treating department was significant. In patientdwpiredominant leg pain, two departments, from the
same country, had greater odds of negative outcoomepared with averagdn patients with
predominant back pain, there were two departmeitts gveater odds (one of which was the same
outlying department as for LP, described above) amel department with lower odds of negative
outcome. Hence, three out of the five significaffeas observed for "department" involved

departments from the same country.

Clinical implications

Many open questions exist in the diagnosis andtnveat of LSS today, and the pressure for
comparative effectiveness research and benchmarkingconstantly growing. Under these
circumstances, understanding the factors assocratada negative treatment outcome is essential to
help with patient selection procedures.

Based on the studies of Kleinstuck ef,aPearson et a&f, and Atlas et al’ there is no doubt that

patients with predominant back pain have a highelihood of an unfavorable treatment outcome
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than do other LSS patients (patients exhibitinglpneinant leg pain or no pain predominance). Based
on this consideration, we stratified the LSS pasiém the present study into two groups. The difiggr
numbers of predictors (one in th®- and six in théBP-model) in these patient groups supports the
assumption that the two patient groups do inde#fdrdin both groups, back pain at baseline was
revealed as a risk factor for a negative treatnmemtome, which both confirms the results of the
previous studies mentioned above and also higlsligft importance of an accurate indication for
surgical treatment of LSS (see later).

We also identified factors associated with a desgddikelihood of a negative outcome in tBE
group. Increasing age was associated with fewertiveg outcomes after adjusting for other
confounding factors, although patients with a HgbA grade £3; severe or life-threatening systemic
disease) were more likely to have a negative ouécofme explanation for age as an independent
predictor, once the effect of ASA was taken intoccamt, is not obvious. It is possible that age is
serving as a proxy for a non-observed true predi€@oe may speculate that in younger patients, the
causes of back and leg pain are more likely todneeshing other than (or in addition to) degeneeativ
disease, and may confuse the indication, whilénénelderly degeneration is clearly in the foregbun
and responds better to surgery. Another possibiasation is that younger patients have higher
expectations, and require a greater improvemergymptoms before judging the operation to be

satisfactory in its outcome.

Undergoing decompression surgery at L3/4, as cosdpavith L5/S1, was found to reduce the
likelihood of a negative outcome BP patients. L5/S1 is known to be the biomechanicailyst
problematic spine segment carrying the greatestingain the spin¥. This segment was affected in
about every sixth patient in our study populatihijle L3/4 was affected in about every fifth ca8e.
trend for higher rates of complications and revisiin L5/S1 and L4/5 is knowh The majority of
our patients had an affected L4/5 segment (>554i)tHis segment was not significantly different to

L5/S1 in term of the odds of a negative outcomBRnpatients.
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Good quality studies have reported better surgmatomes after LSS surgery in patients with
predominant leg pain at basefind” ?° However, according to the SPORT trial, patientthw
predominant back pain still improved significantigore with surgery than when treated non-
operatively’. Nevertheless, in consideration of the fact thetomnpression alone did not seem to
alleviate low back pain sufficiently, Kleinstuckat recommended detailed analysis of the undeglyin
back pain before undertaking LSS surdeffhe etiology of back pain cannot always be distyn
attributed to an anatomical region or structureg bad back pain in the same patient may also have
different etiologies such as muscular and degeinerahanges, referred pain and neuropathic pain. In
the present study, in patients with predominankipein at baseline decompression alone (as opposed
to with additional rigid stabilization) increasddetodds of a negative outcome by a factor of 4.55
(=1/0.22 the odds ratio for rigid stabilization)thaugh relatively wide confidence intervals weees
implying that the estimate is less certain. Primaryiatrogenic instability or significant foraminal
stenosis that may not be sufficiently addresseddmpmpression alone may partly explain the greater
likelihood of a negative outcome in these patieRigid stabilization eliminates the painful motion
whatever the cause of pain. A more focused analysisld be required to accurately explain why
rigid stabilization was associated with better timeent outcome after LSS in patients with
predominant back pain. Caution is, however, reguinerecommending the addition of stabilization,
in view of the typically increased surgical and geth complications associated witff.itMoreover,
hardware failure, screw loosening, and adjacentmsety degeneration are further potentially
problematic long-term complications associated withid stabilization. As such, the simple
observation of an association between negativetenid-global treatment outcome and the lack of use
of rigid stabilization in patients with predominaback pain at baseline does not support a
recommendation for the application of stabilizatammoss the board. The recent Swedish randomized
clinical trial (RCT) that included a heterogeneogstient population with and without
spondylolisthesis did not observe better clinicaicomes when adding a fusion to a decompression

aloné”, although these findings were not supported byrardRCF>.

In relation to theBP model, the diagnosis of herniated disc in additmstenosis in the LSS patients
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reduced the likelihood of a negative outcome. Rgivith a disc herniation are probably a different
patient population. The simplest explanation fds ttesult may be the clear, and relatively easily
removable morphological correlate of stenosis (laded disc) with relatively good prognosis,
contrasted with the likely more profusely narrovgminal canal in LSS cases without herniated disc.
It is possible that some patients with preexistimgbar spinal stenosis are not symptomatic until
some notable change occurs. If disc herniatiorhéurreduces the space available for the rootlets,
patients may suddenly become symptomatic. Theythergfore have a shorter duration of symptoms
and hence potentially be in better physical coadifshorter time lived with disability before surge
and thus recover more quickly and to a greatemexstiéer surgery.

The influence of the treating department on thepprtion of patients with a negative outcome is a
further important finding of this study. We werdtiaipating departments with both higher and lower
likelihoods of negative outcomes. Obviously, thestvmajority of departments fell into the wide
average bandwidth, and "negative" outliers wereenc@mmon than "positive" ones.

The reasons why some departments had inferiortsearé not obvious. Other influential factors like
patient selection may be hidden behind this vagialslich as the manner/context in which the
questionnaires are administered in the given halspihd the patients’ perception of the likely
anonymity of the answers they provide. Althoughrigmults of the study were adjusted for patient age
sex, comorbidity, and baseline pain levels, otletdrs such as smoking status and body mass index
were not included in the models and may have infied the treatment results in the departments. We
are in dialog with the involved departments to descother possible reasons for their outlying tesul
Further, more detailed data collection and analys®g be required to help understand this finding.
Interestingly, three out of four of the statistigagignificant negative effects of "department" wer
from a single country out of the ten countries wehdata were used in the analyses. One of the outlie
departments was among the higher caseload ceftkeis.finding may highlight the influence of
national regulation, reimbursement models, andaalrguidelines rather than specific charactesstic
of individual treating departments alone. Moreol@nguage issues, different levels of “gratituded a
“optimism/positivity” in the inhabitants of the digr country may have played an important role in

explaining this effect. However, the patients' ngtiof either positive or negative outcome was
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commensurate with similar changes (or lack therebpain levels and COMI scores. This can be seen
from the almost parallel lines for the change impa different departments within a given outcome
group, shown in Figure 4. This observation woultttéo support a “non-language/cultural” effect on
global outcome ratings but doesn't exclude the ibitisg that simply everything is rated more

negatively in the outlier country.

Limitations

The study evaluated a patient-based perspectimegitive treatment outcome, which may differ from
that of the surgedh The question “Overall, how much did the operatioat you received help your
back problem?” might not reflect all parts of theoldem for which surgery was indicated. The
patient's perspective is considered to be of gseat®ortance in elective surgery, but patient-esd
outcomes can also be influenced by factors sudhfagnation and expectatiofis®, as well as by
cultural difference¥. Soroceanu et al. showed that greater fulfilmenpreoperative expectations
leads to higher postoperative satisfaction andebétinctional outcoméd. Taking into account
department-level and potentially country-level émst future studies should focus also on
clinical/surgical outcomes. Our analysis accounfed a number of patient and treatment
characteristics; however, further, non-documengéetofs outside of the data collected in Spine Tango
may have influenced the likelihood of a negativecome. Among others, preoperative depression has
been identified as having a negative predictive ILSS surgefy. Similarly, other ongoing diseases
that were not identified and treated at the tim#hefindex surgery may be responsible for the magat
outcome. The models also did not include infornmatiegarding the technical success of the surgery
(such as the extent of decompression or the coesst of screw positioning), postoperative
complications, the amount of segmental deformhg, presence of foraminal stenosis, or the duration
of symptoms, which all may have influenced the gtasbults.

The study population had an overall follow-up ratgust 45.3%, although the follow-up rate of the
department had no effect on the outcome (TablérrBspective of the multi-national registry setting

and large number of participating centers, this sfipuld still be considered a limitation of thedst
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Furthermore, the study was based on observati@ialfdom a voluntary registry, which is offered to
surgeons for their own quality assurance. Differlaviels of documentation coverage within the
hospitals are possible and may have influencedstingdy results. Finally, we observed evidence for
large variation in treatment outcome across 39 mijeats, yet were unable to completely explain its

causes. A further tightly focused analysis is regflifor a better understanding of this variation.

Conclusions

The study shows that LSS surgery fails to helpyetamth patient or more. High back pain at baseline
is the most important risk factor associated withegative treatment outcome. Patients should be
advised that decompression will not necessarilievel their back pain; decompression may also
relieve back pain, but it is not the goal of treatment.

Department-level and potentially country-level tastof unknown origin explain a non-negligible
variation in treatment results. Further evaluatdisuch factors using the appropriate methodology t
assess causality might allow for the developmentefsures to promote more standardized spinal

care across borders.
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Figurelegends
Figure 1. Study flow chart.
Figure 2. Deviations from the overall average f@& ©dds of having a negative outcome in 35 treating

departments, from the multivariate mixed effect glad theLP sample.
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Note: the significantly deviating centers are id.re

Figure 3. Deviations from the overall average ofvihg of negative outcome in 36 treating
departments, from the multivariate mixed effect elad theBP sample.

Note: the significantly deviating centers are id.re

Figure 4. The pain relief and COMI score improvetriarthe hospital departments with greater odds
of negative outcome versus other hospital depatsvigngroup.

Note: depts. — departments.



Table 1. Patient and treatment characteristicsatiepts with negative versus positive outcomes by

predominant type of pain.

. Compari
Patient and . i = . Compari . = . sorr:
treatment characteristics | C2reories/values Negative Positive son Negative Positive [p-
outcome outcome | [p-value] outcome outcome value]
N [row %] - 251 (11.4) 1941 (88.6) - 397 (17.2) 1915 (82.8) -
Mean + SD 65.4+12.6 67.1+12.1 0.031 65.1+13.4 67.7+11.6 0.002
Age [years]
Range 37.4-91.0 18.7-97.1 - 21.8-90.6 18.8-94.4 -
Sex [%] Female 45.4 45.8 0.92 46.1 47.8 0.53
Disc degeneration [%] Yes 15.4 18.3 0.23 14.4 16.7 0.26
Disc herniation [%] Yes 29.1 28.9 0.94 21.2 24.2 0.20
1 17.5 19.9 16.4 15.9
ASA [%] 2 61.4 58.8 0.65 56.9 61.9 0.12
>3 21.1 21.3 26.7 223
1 segment 50.6 48.5 453 44.7
Extent of lesion [%] 2-3 segments 44.2 46.8 0.72 49.1 48.6 0.70
>3 segments 5.2 4.6 5.5 6.7
None 18.5 15.2 19.0 15.7
Previous conservative <6 months 26.1 29.9 ofi1 231 29.4 0.021
treatment [%] 6-12 months 24.5 22.9 26.0 21.5
>12 months 30.9 32.0 31.9 335
L1/2 0.4 0.5 1.8 0.8
L2/3 3.2 4.6 6.8 5.8
Segment [%] L3/4 20.7 20.5 0.048 20.4 25.2 0.006
L4/5 51.0 57.3 51.6 54.5
L5/S1 24.7 17.2 19.4 13.8
Specialist surgeon 83.7 89.6 80.9 88.4
Surgeon credentials [%] Surgeon in training 12.4 9.1 0.001 17.1 10.3 <0.001
Other 4.0 1.3 13 2.0
Discectomy 24.7 25.0 0.92 79.1 74.6 0.06
Sequestrectomy 8.0 10.7 0.18 6.6 8.0 0.33
Z‘:i;:o'”t " 57.4 63.1 0.08 49.1 61.8 <0.001
Type of decompression [%] fFSITet IRINGSF 10N 1.2 22 031 33 3.2 0.97
Laminotomy 48.2 56.3 0.016 46.9 47.7 0.75
Laminectomy 27.1 17.7 <0.001 30.7 22.8 <0.001
Hemilaminectomy 14.3 13.0 0.55 15.1 12.4 0.15
Foraminotomy 49.0 45.4 0.28 423 40.3 0.46
Fusion [%] Yes 5.6 12.2 0.002 10.3 18.6 <0.001
Rigid stabilization [%] Yes 5.2 12.1 0.001 9.1 18.3 0.002
F,Z]St dynamic stabilization | ¢ 16 5.2 0.012 25 7.6 <0.001
Leg pain at baseline [points] | Mean + SD 79+1.8 7.6+1.8 0.002 6.6+2.8 6.3+2.8 0.008
?;gﬁf:}'” at baseline Mean + SD 47427 39+27 | <0001 | 7721 72422 | <0.001
fg)’:ﬂ't:]c"re atbaseline Mean  SD 7.8%16 74%17 | <0001 | 82%16 76+18 | <0.001
Follow-up interval [months] | Mean + SD 16.1+£8.5 16.1+8.4 0.75 16.3+8.2 15.5+8.5 0.10

Note: SD — standard deviation. The significantlyestent p-values are highlighted in bold.




Table 4. The summary of all fixed effects.

BP
Patient or treatment characteristic | Categories/values LP
p-value | Odds ratio p-value | Odds ratio
Back pain at baseline Per point 0.007 1.09 (1.02 - 1.15) 0.002 |1.14(1.05-1.23)
Time between surgery and follow-up | per months 0.05 0.98 (0.97 - 1.00) 0.76 1.02 (0.99-1.02)
Degenerative disc disease Yes vs. no 0.10 1.42 (0.94 - 2.15) 0.97 |0.99(0.69 - 1.44)
Age Per year 0.11 0.99 (0.98 - 1.00) <0.001 | 0.98(0.97 - 0.99)
. . 91-2. 1.07 (0.75-1.53)
ASA 2vs. 1 020 | 1:36(0.91-2.05) 0.005
>3vs. 1 1.58 (0.94 - 2.65) 1.76 (1.15 - 2.70)
In training vs. specialist 0.91(0.56 - 1.50 1.16 (0.80 - 1.67)
Surgeon credentials n training vs. speciats 0.21 ( ) 0.67
Other vs. specialist 2.16 (0.84 - 5.59) 0.92(0.35-2.93)
Rigid stabilization Yes vs. no 0.23 0.31 (0.04 - 2.25) 0.015 | 0.22(0.07-0.72)
Laminotomy Yes vs. no 0.27 0.78 (0.50 - 1.23) 0.51 1.15(0.75-1.75
L1/2 vs. L5/S1 0.59 (0.07 - 5.30) 2.57(0.92-7.20)
- 0.82(0.47-1.44
Segment L2/3 vs. L5/S1 039 | 0:55(0.24-1.26) 0.019 ( )
L3/4 vs. L5/51 0.78 (0.49 - 1.25) 0.60 (0.40 - 0.91)
L4/5 vs. L5/S1 0.72 (0.50 - 1.03) 0.75(0.54 - 1.04)
Facet joint resection partial Yes vs. no 0.42 1.15 (0.81 - 1.65) 0.96 1.01(0.74-1.37)
Laminectomy Yes vs. no 0.43 1.25 (0.70 - 2.20) 0.40 1.23 (0.75-2.03)
Disc herniation Yes vs. no 0.44 0.85 (0.55 - 1.31) 0.028 | 0.65(0.44 - 0.95)
Discectomy Yes vs. no 0.45 1.18 (0.76 - 1.85) 0.34 1.21(0.81-1.79)
Foraminotomy Yes vs. no 0.50 1.11 (0.81 - 1.52) 0.20 |0.84(0.65-1.10)
Motion preserving stabilization Yes vs. no 0.52 0.65 (0.14 - 3.01) 0.59 |0.80(0.32-2.00)
) 2-3vs. 1 1.10 (0.79 - 1.55) 1.25(0.95 - 1.65)
Extent of lesion 0.64 0.25
>3vs. 1 1.40 (0.67 - 2.94) 1.03 (0.57 - 1.87)
Leg pain at baseline Per point 0.72 1.02 (0.93 - 1.12) 0.12 0.95 (0.90 - 1.01)
Sex Female vs. male 0.75 0.95 (0.71 - 1.28) 0.89 |0.98(0.77-1.26)
Hemi-laminectomy Yes vs. no 0.79 1.08 (0.61 - 1.89) 0.42 1.23 (0.74 - 2.04)
Follow-up rate per 10% 0.86 1.00 (0.98 - 1.01) 0.77 1.00 (0.98 - 1.01)
Fusion Yes vs. no 0.87 1.16 (0.17 - 7.71) 0.18 |2.12(0.70-6.42)
Facet joint resection full Yes vs. no 0.91 1.08 (0.25 - 4.69) 0.20 1.66 (0.72 - 3.83)
<6 months vs. none 0.94 (0.61 - 1.47) 0.84(0.57 - 1.22)
Previous conservative treatment 6-12 months vs. hone 0.95 0.95 (0.60 - 1.50) 0.20 1.20(0.83-1.74)
>12 months vs. none 1.04 (0.68 - 1.61) 1.08 (0.75 - 1.55)
Sequestrectomy Yes vs. no 0.99 1.00 (0.55 - 1.80) 0.92 0.98 (0.58 - 1.65)

Note: significant fixed effects arein bold.




Table 3. Comparison of patient and treatment characteristics in the departments with greater odds of a negative outcome, the department with lower odds of
a negative outcome and other departments.

LP BP
Patient characteristics Categories/values 2 departments with Other Comparisonp- 2 departments with 1 department Other Comparisonp-
greater odds of greater odds of poor | with lower odds
departments value] departments value]
poor outcome outcome of poor outcome
N - 527 1665 - 622 100 1590 -
Mean 63.6+12.8 68.0+11.8 <0.001 64.9+13.0 68.5+12.6 68.1+11.4 <0.001
Age + SD [years]
Range 29.2-925 18.7-97.1 - 18.8-94.4 28.9-89.0 21.8-91.3 -
Sex [%] Female 43.8 46.3 0.32 45.7 47.0 48.3 0.53
Degenerative disc disease (%) Yes 13.5 16.5 0.10 9.0 31.0 18.2 <0.001
Disc herniation (%) Yes 29.8 28.6 0.59 23.8 36.0 22.8 0.011
1 24.7 18.1 20.9 10.0 14.4
ASA [%] 2 63.0 57.8 <0.001 63.2 54.0 60.6 <0.001
>2 12.3 24.1 15.9 36.0 25.0
1 segment 72.5 41.3 65.1 32.0 37.7
Extent of lesion [%] 2-3 segments 26.9 52.7 <0.001 34.4 65.0 53.3 <0.001
>3 segments 0.6 6.0 0.5 3.0 9.1
None 23.0 13.3 23.3 - 14.6
Previous treatment [%] <6 months F1 300 <0.001 26.0 26.0 23.3 <0.001
6-12 months 28.7 20.8 28.9 30.0 19.1
>12 months 20.3 35.6 21.8 44.0 37.0
L1/2 0.4 0.5 0.5 1.0 1.1
L2/3 2.9 4.9 4.5 7.0 6.5
Segment [%] L3/4 15.8 22.0 <0.001 21.4 22.0 25.7 <0.001
L4/5 54.3 57.4 52.4 61.0 54.2
L5/S1 26.8 15.3 21.2 9.0 12.6
Specialist surgeon 70.2 94.9 71.2 99.0 92.5
Surgeon credentials [%] Surgeon in training 24.1 4.8 <0.001 24.8 _ 71 <0.001
Other surgeon credentials 5.7 0.3 4.0 1.0 0.4
Type of decompression [%] Discectomy 23.9 25.3 0.52 18.5 46.0 25.7 <0.001




Sequestrectomy 3.0 12.7 <0.001 3.7 15.0 8.9 <0.001
FJ resection partial 34.4 71.3 <0.001 30.7 82.0 69.6 <0.001
FJ resection full 1.1 2.3 0.09 11 15.0 3.3 <0.001
Laminotomy 39.7 60.3 <0.001 31.7 75.0 52.1 <0.001
Laminectomy 41.0 11.8 <0.001 48.2 10.0 15.6 <0.001
Hemi-laminectomy 13.9 12.9 0.58 13.7 11.0 12.7 0.70
Foraminotomy 51.2 441 0.004 44.7 37.0 39.3 0.05
Fusion [%] Yes 15 14.6 <0.001 2.1 48.0 21.3 <0.001
Rigid stabilisation [%] Yes 13 14.4 <0.001 1.6 45.0 20.9 <0.001
Dynamic stabilisation [%] Yes - 6.3 <0.001 0.3 16.0 8.7 <0.001
Leg pain at baseline + SD [points] Mean 83+1.5 7.4+1.9 <0.001 7.0+£2.6 58+27 6.1+2.8 <0.001
Back pain at baseline + SD [points] Mean 50+2.7 3.6+2.6 <0.001 7.8+2.1 6.9+2.2 7.2+2.2 <0.001
COMI score at baseline + SD [points] | Mean 79+15 73+1.8 <0.001 8.1+1.6 71+1.8 76+1.8 <0.001
Follow-up interval £ SD [months] Mean 18+8 16+9 0.78 178 14+8 15+9 0.31
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* ASA classificationunknown, n = 1,883
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Abbreviations

ASA  American Society of Anesthesiologists
BP back pain model

cl confidence intervals

COMI Core Outcome Measures Index

GRS  graphic rating scales

GTO  global treatment outcomes

LP leg pain model

LSS lumbar spinal stenosis

RCT randomized clinical trial
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