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2 Abstract

2.1 Norsk sammendrag

Spinal stenose er en vanlig lidelse som skyldes trang ryggmargskanal og karakteriseres av smerter i
rygg og bein og redusert gangfunksjon. Operasjon er ofte ngdvendig og spinal stenose er den
hyppigste arsaken til ryggkirurgi i Norge (3, 23). Resultatene etter kirurgi er noe sprikende: de fleste

blir bedre, noen blir ikke bedre, og enkelte blir verre (5, 6, 7).

Det er utfordrende a male resultat etter behandling for smertetilstander fordi det ikke finnes klare
konkrete endepunkt. Pasient-rapporterte resultater er sentrale, man kan bruke smerteskalar eller
spgrreskjema pa funksjon og livskvalitet. Fortolkning av svar i skala-form kan veaere krevende, det
fordres en viss endring pa skalaene for at endringen skal vaere klinisk relevant. Man kan lette
fortolkningen med a lage kategorier der pasientene klassifiseres som enten bedre, uendret eller

verre.

Vi har brukt data fra Norsk kvalitetsregister for ryggkirurgi og analysert pasienter operert for spinal
stenose. Registeret inneholder data om pasientforhold og plager fgr operasjon, operasjonstekniske
forhold og resultater 3-og 12 maneder etter operasjon. Gjennom dette har vi tilegnet oss ny

kunnskap om spinal stenose pasienter.

Registerdata er beheftet med flere usikkerhetsomrader, mange pasienter faller fra og svarer ikke pa
oppfelgingene, og data kan i tillegg bli feilregistrert. Vi har derfor undersgkt kvaliteten pa

registerdata som ble brukt i denne doktorgradsavhandlingen.

Det er kjent at ikke alle pasienter blir kvitt plagene etter kirurgi for spinal stenose, og vi fant at om lag
20% rapporterte at plagene var uendret eller verre etter kirurgi. Videre fant vi de grenseverdiene
som definerte mislykket kirurgi (uendret eller verre) og forverring pa de mest brukte skalaene med

stgrst ngyaktighet.

Vi testet samsvar av registerdata ved a kontrollere opp mot journaldata og fant at datakvaliteten i
registeret var vekslende. Pasientrapporterte data og operasjonstekniske faktorer hadde hgyt
samsvar, mens andre helseforhold og komplikasjoner hadde darligere samsvar med
pasientjournalen. Pasienter som ikke svarte pa oppfelgingsskjemaer fra registeret skilte seg noe fra
de som svarte; de var litt yngre og oftere rgykere. Resultatene etter operasjon var like i de to

gruppene.



Den vanligste komplikasjonen til kirurgi for spinal stenose er rift pa nervehinnen, dette medfgrer
lekkasje av spinalvaeske, eksponering av nervetrader og noen ganger behov for reoperasjon og
forlenger sengeleie. Vi fant noe darligere resultater etter operasjon hos pasienter som fikk rift pa

nervehinnen.

Det kan veaere vanskelig a beslutte om kirurgi er riktig for den enkelte pasient. Vi identifiserte noen
faktorer som gker risikoen for mislykket kirurgi og forverring (alder over 70 ar, tidligere ryggkirurgi og
ryggsmerter over 12 mnd., samt noen sosiogkonomiske variabler). Disse faktorene kan bidra til bedre

pasient informasjon og slik gi stptte til beslutning om operasjon eller ikke operasjon.

Vi hdper vare resultater er nyttige for klinikere og at de bidrar til bedre informasjon til pasienter samt

gode behandlingsvalg. Vi haper ogsa resultatene kan gi grunnlag for videre forskning pa ryggkirurgi.



2.2 English abstract

Background

Results after surgery for lumbar spinal stenosis (LSS) vary; most patients improve, but some
do not, and some even worsen. Some patients also suffer from complications. Previous
studies have identified certain factors that may predict outcomes after surgery for LSS.
Development in surgical technique may have reached a ceiling because new techniques fail
to prove better; this emphasizes focus on careful patient selection to improve the overall
results.

National medical registries collect a large number of data and reflect daily practice. Because
of the large number of participants, registry studies are optimal for studying complications
of surgery. However, registry data are vulnerable to wrong recordings and loss of follow-up.

Hence, registry data should be assessed for bias before conclusions are drawn.

Methods

We reviewed patients operated on for LSS in Norway for ten years (2007-2017).
Prospectively collected data from the NORspine registry was the foundation of the
observational studies included in the thesis. We also supplemented registry data with data
from patient records and performed a cross-sectional study.

We included patients treated over two years from four hospitals to assess data accuracy.
Data was re-captured from electronic patient records, and we assessed the agreement
between the two data sources using kappa statistics.

To assess potential bias due to loss to follow-up, we compared baseline variables between
patients completing follow-up and those who did not. We also contacted patients lost to
follow-up to see if they reported different clinical outcomes. We used simple descriptive
statistics and compared baseline data and clinical outcomes between the groups with
student T-tests.

We defined criteria for failure and worsening using a transition scale (Global Perceived Effect
(GPE)) as an external anchor and receiver operating characteristic (ROC) curve analyses to
identify the best cut-offs on PROMs commonly used to assess the effect of spine surgery.
We also studied if a dural tear affected the clinical outcome, defined as failure or worsening,
using logistic regression analyses and adjusting for possible confounding factors.
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Finally, we tried to identify variables that could predict failure and worsening using multiple
logistic regression analyses with the cut-offs identified earlier in our project. We selected

baseline variables with acceptable accuracy according to an early part of our project.

Results

The study population comprised 11873 patients, and 8919 (75%) completed 12 months of
follow-up. We reviewed 474 patient records to assess NORspine accuracy and the impact of
loss to follow-up.

Patient-recorded variables and surgeon-reported surgical details displayed moderate to
good accuracy; however, surgeon-reported complications and comorbidity were
underreported. Patients lost to follow-up were younger and, more often, were smokers.
However, there were no statistically significant differences in clinical outcomes.

The following PROM cut-offs most accurately defined patient-reported failure (and
worsening): ODI final score of more than 31 (39), ODI percentage improvement of less than
20% (9%) and ODI improvement of less than 8 (4) points. These cut-offs had good to
excellent accuracies (AUC= 0.86-0.91).

Dural tears occurred in nearly 5%. Patients who suffered a dural tear increased the odds of
failure (and worsening) with an odds ratio of 1,45 (1,50).

After LSS surgery, a proportion of 33 % was defined as failure and 22 % as worse. Age over
70 years, previous spinal surgery, and duration of back pain over 12 months were essential
baseline variables associated with failure and worsening (Odds ratio 1,85 —2,21);

socioeconomic factors also affected the odds for failure and worsening (OR 1,26 — 1,67).

Conclusions

There are concerns regarding data quality in the spine registry; data should be used and
interpreted with care. Patients lost to follow-up reported similar clinical outcomes as those
who completed follow-up, and missing data from loss to follow-up can most likely be treated
as missing at random. Cut-offs for failure and worsening are accurate and can be used in
future research and clinical work. LSS patients over 70 years, with previous spine surgery and
duration of back pain over 12 months, had increased odds for failure and worsening; this

could aid in patient selection.
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3.2 List of abbreviations

ASA American society of anesthesiologists
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CT Computed tomography
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4 Introduction - why the thesis?

4.1 Background lumbar spinal stenosis

Lumbar Spinal Stenosis (LSS) is a common disorder contributing to a large proportion of all spinal
surgery (1, 2). The prevalence of clinical LSS is estimated to be 11 % and increases with age (3, 4). The
clinical results after surgery vary; 62-75% report success (5, 6, 7, 8, 9, 10, 11). Former studies have
focused on success and improvement, although a considerable proportion of patients do not
improve, and some get worse or experience complications from surgery. Furthermore, spinal surgery
imposes high costs on society. Avoiding unnecessary surgery is essential; hence, optimizing patient
selection is central. From this point of view, there is a need to explore non-success after surgery for
LSS. Which patients are at risk of failure or worsening? What is the significance of surgical
complications?

Medical registries have become more important in clinical research during the last decades.
However, the quality of registry data must be high to minimize the risk of bias; possible pitfalls are
low coverage, poor completeness, high loss of follow-up, and compromised accuracy and reliability.
Some quality domains are well explored, but others need systematic investigation.

In this thesis, we aimed to explore failure after surgery for LSS using registry data. A critical review of
the data we used in the clinical observational studies was natural; was NORspine data sufficient to

answer our research questions?

4.2 Anatomy

The lumbar spine consists of five vertebrae connected by soft tissue (intervertebral disc, ligaments),
joints (facet joints), and musculature; hence, the spine is a flexible and long structure. The nerves
pass through a canal posterior to the vertebral bodies; the canal is partly made of bone and partly of
soft tissue, and the standard diameter is 15-23mm (12). The neural structures lie within the thecal

sac, surrounded by a membrane, the dura.
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According to an evidence-based guideline from 2013 and clinical guidelines for LSS published by the
North American Spine Society in 2011, LSS is a disorder where degenerative changes in the spine
narrow the spinal canal and compromise the nerves and vascular structures (13. 14). LSS is a
progressive disorder involving all types of tissue in the spine (15). Degeneration leads to ticker
ligaments, and ligament hypertrophy is “the main aetiology” of LSS (16); a degenerative ligament
consists of a lower proportion of elastic fibres and more fibrotic tissue (17). As part of the
degeneration, the height of the intervertebral discs decreases, and the intervertebral discs and
ligaments can bulge into the spinal canal (Figure 1, 2, 3). As the disc height decrease, the facet joints
become incongruent and can develop osteoarthritis and exostoses. The joint capsule and exostoses
can also bulge into the spinal canal, compressing the nerves. Furthermore, the joint capsule can
develop cysts that can compromise the nerve roots. Additionally, vertebral fractures (osteoporotic or
traumatic) can lead to deformation of the spinal canal with less space for the nerves.

LSS causes neurologic symptoms in the legs, such as pain, numbness, and weakness. LSS often result
in decreased walking capability, and LSS can cause back pain. The spine's position is essential as
extending the spine (standing or walking) leads to a narrower spinal canal and more symptoms. On

the contrary, flexing forward results in an increased space in the spinal canal and relieves symptoms

(18).

Figure 1. Saggital MRI of a lumbar spine with LSS in some segments. (All MRI images are used with
the allowance from the radiologic department at Akershus University Hospital). VB = Vertebral body,
D = Intervertebral disc, DS = Dural sac, SP = Spinous process, LF = Ligamentum flavum, F = Fascia, SF=
Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM = Erector spinae muscle.
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Figure 2. Transverse view (axial) of the lumbar spine in MRI in an asymptomatic segment; the cross-
sectional area for the dural sac (DS) is slightly reduced but still sufficient. VB = Vertebral body, D =
Intervertebral disc, DS = Dural sac, SP = Spinous process, LF = Ligamentum flavum, F = Fascia, SF=
Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM = Erector spinae muscle.

Figure 3. Transverse view (axial) of the lumbar spine in MRl in a stenotic segment; the area of the
dural sac (DS) is restricted by thicker ligamentum flavum (LF) and osteophytes from the facet joints
(FJ). VB = Vertebral body, D = Intervertebral disc, DS = Dural sac, SP = Spinous process, LF =
Ligamentum flavum, F = Fascia, SF= Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM =
Erector spinae muscle.
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Different types of LSS

The nerve roots run through different parts of the spinal canal. All the nerve fibres run vertically
through the central spinal canal. Nerve filaments form nerve roots laterally in the spinal canal, often
termed the subarticular recess. When emerging from the spinal canal, the nerve roots pass through
the neural foramina in a more horizontal direction. The nerve structures can be affected in all these
places. Central stenosis is the typical spinal stenosis with bilateral leg symptoms; several nerve roots
are often affected. The lateral subarticular recess stenosis can result in symptoms from a specific
nerve root and may be one (or two) sided. The foraminal stenosis affects single nerve roots and is
often one-sided. Foraminal stenosis is often associated with structural deformity at the affected
spinal segment, such as spondylolysis, spondylolisthesis, or degenerative scoliosis.

Some uncommon types of LSS that are not primarily caused by age-related degeneration. Congenital
stenosis typically develops from a narrow canal due to short pedicles in patients between 30-60
years. Lipomatosis refers to a pathologically increased volume of epidural fat in the spinal canal,
compromising the nerves and resulting in symptoms of spinal stenosis. Other rare disorders, such as

acromegaly and Paget's disease, may also be associated with narrowing the spinal canal and LSS.

The exact pathophysiological mechanism of LSS remains unknown; however, two main theories have
been suggested.

(1) Olmarker examined porcine nerve roots in the1980s-the 1990s and found a decrease in blood
flow, impairing nutrition to the nerve tissue when introducing pressure on the cauda equine (19, 20).
A review article from Katz from 2008 supports this vascular mechanism view, pointing to the
reversibility of symptoms (21). The ischemia may be accompanied by venous congestion of the
epidural veins located in the spinal canal.

(2) Another theory points to the development of structural changes in the nerves. Sekiguchi
performed rat experiments implanting silicon spacers in the spinal canal. They reported
demyelination associated with pressure on the nerves; however, no allodynia was associated with
demyelination (22). The authors point to apoptosis (cell death) in the dorsal root ganglia as a possible
pain mechanism. Other structural changes can be oedema, fibrosis, and axonal degeneration. These
structural changes are not reversible; while symptoms of LSS usually are reversible, the structural
changes in the nerves might contribute to failure after surgery for LSS (i.e. patients still suffering from

LSS symptoms even after surgical decompression).
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4.3 Epidemilogy

The prevalence of LSS is difficult to estimate. Different estimates for clinical LSS and radiologic LSS
are proposed. A systematic review from 2020 found a pooled prevalence of clinical LSS of 11%;
however, they also reported high risks for bias in two-thirds of the studies (3). Another study found a
prevalence of radiologic LSS of 9 %, increasing with age to 47 % over 60 years (4). The progressive
pathological degeneration described above supports the increasing prevalence with increasing age.
LSS has become the most frequent indication for spinal surgery (1, 2). The NORspine records about
2000 LSS operations annually (2587 in 2021); this estimates that 0.05% of the total population is
operated for LSS annually. The coverage of the NORspine registry is only about 80 %; hence, this
probably underestimates the total surgical activity (23). A Swiss study reported about 1400
decompression operations yearly in a population of 1.3 million inhabitants (about 0.1% of the

population operated annually) (24).

4.4 Diagnostics

4.4.1 Patient history

The spinal canal's space changes with the spine's position, and the symptoms often vary accordingly.
The typical LSS patient experiences symptoms when standing or walking (spine extended). The
symptoms may include buttock pain, radiating leg pain, numbness, and weakness of the legs. The
walking distance is typically reduced to a few hundred meters, and "neurogenic claudication" refers
to this phenomenon as the patients take breaks to relieve pain. Bending forward, sitting down,
leaning over a shopping cart, and bicycling alleviate symptoms as this can increase the spinal canal's

cross-sectional area and the space for the neural structures (13, 18, 21, 25).

4.4.2 Clinical examination

There is no specific clinical test to diagnose LSS, and neurologic clinical findings are uncommon.
Clinical examination is most helpful to exclude other diagnoses (hip osteoarthritis, vascular

claudication, neuropathy, trochanteric bursitis). The North American Spine Society clinical guidelines
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found insufficient evidence to make recommendations for or against specific clinical findings to

diagnose LSS (14).

4.4.3 Radiologic evaluation

MRI is considered the gold standard for radiological examination of LSS as it provides an excellent
presentation of both the bony canal and the tissues limiting the spinal canal and the nerve structures
(13, 14). MRI helps to confirm the diagnosis of LSS and to exclude other possible causes of back and
leg pain (26). However, the correlation between the severity of symptoms and the degree of spinal
stenosis on MRl is weak (13, 27, 28, 29). Furthermore, 20% of individuals over 60 years may have
radiological findings of LSS despite suffering no symptoms (26, 30). MRI might be contradicted for
patients with implants such as pacemakers; CT or CT myelography are good alternatives for these

patients.

The width of the spinal canal can be measured by antero-posterior diameter (AP diameter), or the
cross-sectional area of the spinal canal can be quantified (Dural sac cross-sectional area (DSCA)) (31).
A cross-sectional area under 70 mm?has been defined as absolute spinal stenosis and an area
between 70 and 100 mm?as relative spinal stenosis (32). A qualitative classification with grading

according to dural sac morphology has also been suggested, the Shizas classification (33).

LSS is not easy to evaluate by plain x-ray films. Injecting a contrast medium into the spinal canal
(radiculography) displays more of the spinal canal and neural foramina. Computer tomography (CT)
displays the spinal canal quite well (focusing on the bony canal), and the visualization of neural
structures can be further enhanced by spinal injection of contrast medium resulting in a CT
myelography to visualize the space in the spinal canal. CT and x-ray (CT myelography or
radiculography) are used when MRI is contraindicated or when positional or dynamic imaging is

necessary.

Neurophysiological examination has not been shown to add value in diagnosing LSS, and the NASS

guidelines do not recommend neurophysiological examination (14).

In conclusion, the diagnosis of LSS is challenging; it is a clinical diagnosis supported by radiologic

findings (26, 34).
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4.5 Treatment

LSS can be treated conservatively or surgically. There is a paucity of evidence regarding the natural
course of LSS; an expert consensus stated that natural history could be favourable in about 30-50% of
LSS patients (13). A Cochrane review from 2016 states that the evidence is too sparse to conclude

which is best; surgical or non-surgical treatment (35).

4.5.1 Conservative treatment

Amundsen showed that half the patients (n=50) selected for conservative treatment had excellent or
fair results after four years (36). Weinstein reported an improvement in a non-surgical group (ODI
improved by 9.3 points) at two years follow-up (37). Guidelines from 2013 advise conservative
treatment for patients with mild symptoms (13). Conservative treatment includes physiotherapy,
orthosis, pain medication, and injections. However, there is a lack of evidence to make specific
recommendations among these treatments (13, 38). A review from 2016 found no conservative

treatment superior to another (39).

A lumbosacral corset might increase the walking distance (13). Pharmaceutical treatment includes
standard pain medications such as NSAIDs and Paracetamol. In addition, Gabapentin/Pregabalin may
be used to alleviate neuropathic pain. However, no study has compared medical therapy to the
placebo; there is insufficient evidence to recommend pharmacological treatment for LSS as the
reported effect can be the natural history of LSS (13, 14). The most recent review found low quality
of evidence regarding the effect of oral medications (40). Epidural corticoid injections may relieve leg
pain in the short term (13, 14, 41); however, the updated Cochrane review found that injections

were ineffective (40).

When we planned this thesis, there was insufficient evidence to make recommendations for or
against physical therapy according to two systematic reviews from 2013 and the clinical guidelines
from North American Spine Society (13, 14, 42). However, during our project period, a recently
updated systematic review reported moderate evidence for a multimodal approach, including
manual therapy and exercise (40). A Norwegian multicenter RCT comparing conservative treatment
(physiotherapy) to surgical treatment for LSS (Physical Therapy vs Surgical Decompression for Lumbar

Spinal Stenosis) was started in 2020, but no results have been published yet (43).
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In conclusion, there is a need for further research on conservative treatment for LSS. There is
moderate evidence that a combination of manual therapy and exercise may be effective, no other
conservative treatment has been shown to have an effect in the long term, and evidence is of low

quality (41).

4.5.2 Surgical treatment — history and development

Verbiest first described LSS in 1954, and the first lumbar discectomy was described in 1909 by Krause
and Oppenheim (44, 45). Early surgery included a rather extensive removal of spinal processes and
laminae, i.e. laminectomy (Figure 4). Such extensive resection could destabilize the spine
mechanically and damage muscle tissue (46). To minimize surgical trauma, Yasargil and Caspar
independently developed a microsurgical interlaminar approach in 1977 (47, 48). The less invasive
surgical approaches reduced the soft tissue damage and aimed to preserve the structural stability of

the spine (5, 49, 50, 51).

The development of technical aids such as loupes and microscopes has driven spinal surgery towards
mini-invasive surgery (MIS), where most stabilizing structures are preserved and only the tissue
compromising the neural structures is removed. One of the most used techniques today is “Cross
over” (“over the top” )- decompression, a technique where both recesses may be decompressed
through a lesser unilateral approach by tilting the operating table and using visual aids (Figure 4).
Parallel to the technical development, spine registries have shown promising clinical results using
modern techniques (cross-over aided by microscope). A recent RCT compared three different
minimally invasive surgical techniques for decompression (Cross over, bilateral laminotomy, and

spinous process osteotomy), finding no differences in clinical outcome (49).
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Figure 4: Three different surgical techniques for decompression of the lumbar spine, laminectomy,
bilateral laminotomy and cross-over decompression.

4.5.3 Surgical treatment — current practice

Surgical treatment consists of decompression of the nerves in the spinal canal by removing some of
the constricting tissue. MIS techniques are the most popular, yet open laminectomy is still
performed. Visual aids are commonly used (23). An RCT from 2008 showed that surgery was more
effective than conservative treatment; the surgical group reported an improvement in the Oswestry
disability index (ODI) of 20.5 points compared to 9.3 points for the non-surgical group (37).
Amundsen also found better results for patients randomized to surgery (vs conservative) in a small
study from 2000 (36). Several studies have assessed the effect of surgical treatment, and between 62
and 75% of the patients report good results (5, 6, 7, 8, 9, 10, 11). The guidelines from 2013 stated
that decompressive surgery improves outcomes in both the short and long term in patients with
moderate or severe LSS symptoms (13). The NASS guidelines recommend surgical treatment based

on “fair” evidence for short-term effects and “poor” evidence for long-term effects (14).

However, a systemic review from 2016 concluded that evidence that supports surgical treatment is
insufficient; the authors called for trials on surgery vs sham surgery for LSS (52). Currently, one such
trial is ongoing (no results have so far been published) (53). Some literature on LSS is old (from the

1990s and early 2000), and the surgical technique is constantly developing. The literature should be

read in the context of the different technical eras.

Surgical treatment always involves risks. The most common perioperative complication is an
unintended tear in the membrane covering the nerves in the spinal canal, a dural tear, with an
incidence of 4-10% (54, 55, 56, 57, 58, 59). Other known complications are neural damage resulting
in a neurologic deficit, postoperative hematoma, wound infection, and general surgical complications

such as urinary tract infection, pneumonia, venous thromboembolism and ileus (60, 61).
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Decompression can be supplemented with fusion; however, the benefit of additional fusion is
debated. Several observational studies and one RCT have not reported any benefit of adding fusion
to decompression, even in patients with a degenerative slippage (62, 63, 64). The NASS guidelines
found fair evidence to recommend decompression alone (without fusion) for patients without
instability (14). During our study period, an additional RCT showed decompression alone as non-
inferior to decompression with fusion (65). There are differences in surgical practice concerning
fusion between countries, yet no differences in clinical outcomes have been reported (i.e., fusion is

more common in the USA than in the Nordic countries) (66, 67).

Patients with foraminal stenosis make up a small subgroup of LSS patients. The narrowing around the
exiting nerveroot is often caused by loss of disc height or slippage that results in axial compression of
the nerve root between the pedicles or one pedicle and the intervertebral disc. Decompression may
not be sufficient to relieve the pressure. Patients with foraminal stenosis need consideration of

different surgical approaches; fusion is one alternative.

4.5.4 Surgical treatment - future perspective

The latest technical development is endoscopic decompression, using only 5 mm skin incisions and
surgically developing a space inside the spinal canal. Percutaneous procedures for disc herniations
started in 1975 and developed in parallel with orthopaedic arthroscopic surgery using arthroscopic
gear in the late 1980s and with saline water in the early 2000s (68, 69, 70). Dr S Ruetten widened the
indications for endoscopic spine surgery during the 2000s to include LSS (51, 71). The endoscopic
method is technically demanding, has a long learning curve, and has not yet been proven superior to
classic surgery (72, 73, 74). However, complication rates may be inferior in endoscopic

decompression (74).

Other alternative surgical techniques have been tested without lasting sound clinical effects.
Interspinous devices aim to indirectly increase the space in the spinal canal by lifting the spinal
segment between two spinous processes in a small operation. The procedure showed clinical effect
but was associated with higher reoperation rates and total health care costs than decompression.
This procedure was found improper for treating LSS; hence this technique has been abounded (75,
76). 3D-printed patient-specific cut guides to assist decompression have also been tested in a

cadaveric study and showed no additional benefit when tested by experienced surgeons (77).
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4.5.4 Surgical treatment — patient selection

The surgical development seems to have reached a limit where further technical development halts
or does not improve the results after surgery further. The results after LSS surgery are only
satisfactory for some patients. Even if 62-75% report significant improvement, some patients do not
improve after surgery; hence, surgery might not benefit all LSS patients (5, 6, 7, 8, 9, 10, 11).
Furthermore, some patients deteriorate after surgery, and some may suffer from complications;
reducing the number of unnecessary and inefficient operations is essential. Indications for surgical
treatment for disorders with pain and functional disability are often only relative. Indications must be
thoroughly considered, possibly using higher thresholds for surgery than in other life-threatening
diseases (i.e. cancer, infections, trauma). Careful patient selection and shared decision-making are
mandatory to avoid overtreatment and have gained more focus in recent years. Sound evidence-
based information about the expected result, including individualized chances for success, failure,

and complications, should guide the decision.

Many studies have looked into predictors for success after surgery for LSS, evaluating the predictive
value of different clinical and socioeconomic variables. Typical predictors of outcome after spinal
surgery that have been reported are age, preoperative level of disability, smoking, working status,
income, and level of education (6, 7, 8, 10, 11, 78). The predictors may vary with spinal diagnosis,
procedures and populations across different parts of the world. We aimed to explore non-success and

the predictors for failure and worsening after surgery for LSS in Norway.
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4.6 Evaluation of outcomes

4.6.1 Clinical outcomes

Evaluating the effect of treatment for disorders dominated by pain and disability is a central
question, primarily how to assess the impact of surgical treatment on pain. In contrast to other
surgical treated diseases (i.e., cancer, infection, fracture), there are no obvious hard clinical
outcomes in LSS (i.e. 5-year survival, infection eradicated, fracture healed). There is no objective way
to measure the effect after surgery for LSS; i.e., MRI can display the area in the spinal canal after
surgery, but this is not well correlated with the clinical result (27). The sensation and experience of
pain depend on several factors, i.e., psychological status, mood, and social situation (79). Gender also
affects pain perception and disability (80, 81, 82).

Over the last decades, the assessment of surgical outcomes has altered from doctor-centred and
radiological measures to patient-centred (83). Patient-reported outcome measures (PROM) have
been developed to measure these subjective symptoms and has become the gold standard for
evaluating clinical result after spine surgery. PROMs are multidimensional questionnaires that
provide information about pain, disability and health-related quality of living; prospectively collected

PROMs can assess treatment effectiveness.

PROM instruments in spine surgery have been thoroughly explored and perform well for different
spine diagnoses (84, 85). Although inferior methodical quality according to the Newcastle Ottawa
scale, PROMs are recommended as outcome measures in spine surgery (86, 87). A combination of a
general PROM measuring life quality, organ-specific PROMs measuring spine-related disability, and
pain scales is essential and advised in spine surgery (88). Return to work is also a relevant tool, but as
patients suffering from LSS often are old and retired, return to work is not that central in the LSS

population.

The Norwegian Registry for Spine Surgery (NORspine) uses the most widely used PROMs in spine
surgery — Oswestry Disability Index (ODI), and Numeric Rating Scale (NRS) for back - and leg pain, and
EuroQoL5 Dimensions (EQ-5D) for measuring the quality of life (88, 89, 90). This choice is supported
by the IMMPACT recommendation from a consensus meeting regarding the assessment of treatment
effect for chronic pain; they recommend using at least two of the following; pain intensity (NRS),
physical function (multidimensional scales), emotional functioning and overall improvement

(transitional scale) (91).
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The Oswestry Disability Index (ODI) is a disease-specific PROM; it is a validated and widely used
PROM in spine surgery. ODI has been translated into Norwegian and tested for psychometric
properties (84, 92). Although initially designed for low back pain (LBP), it is the most widely used in
LSS (93, 94). The ODI PROM consist of ten questions answered between 1 and 5. The total score is
calculated based on the questions answered and will be between 0 (no disability) and 100 (bed
bound). Population-based data indicate a normative mean ODI of 8.8 for adults (95). Other PROMs
for spine disorders exist and are used although not as widely (Roland Morris disability index, Zurich
claudication questionnaire (Swiss spinal stenosis questionnaire, S55Q)) (96, 97). Criticism has been
raised against using ODI in LSS since it was developed for LBP (98). However, the problem with LSS-
specific PROMS (i.e., S55Q) is that they are not generalizable for all degenerative spine disorders;
hence they are problematic to use in general spine registries (99). The Norwegian ODI form is shown

in the appendix (appendix 1).

EQ-5D is a generic measure of health-related quality of life. This PROM is based on five questions,
and the total score is calculated using a specific algorithm. The total score is between -0.59 (“worse
than dead”) and 1.00 (“full health”) (90, 100). The Norwegian EQ-5D form is shown in the appendix,

Appendix 2).

The numeric Rating Scale (NRS) for pain (back pain and leg pain) uses scales from zero (no pain) to
ten (worst pain) to quantify pain in either the back or in the leg; this scale is validated and widely

used (85, 91, 101). The Norwegian NRS form is shown in the appendix (Appendix 3).

In addition to PROMs measuring the status at a specific time, transitional scales add valuable
information and can serve as anchors regarding the effect of treatment. Global Perceived Effect
(GPE) scale is a measure of health transition. The GPE scale is a seven step-scale (1=worse than ever,
2 = much worse, 3 = somewhat worse, 4 = unchanged, 5 = somewhat better, 6 = much better, and 7 =

completely recovered) (102). The Norwegian GPE scale is shown in the appendix (Appendix 4).

There are some essential considerations using PROMs as outcome variables; the instrument should
be valid and reliable, meaning the instrument should measure correctly what we intend to measure,
and the results should be identical when measurements are repeated. Furthermore, the scales
should be calibrated to measure in the relevant clinical area, i.e. without floor - or ceiling effects. A
lack of focus on these aspects could result in information bias. The PROMs are often continuous
variables, and the distribution is essential; it has implications for statistical methods as some

methods require a natural distribution.
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Another vital issue using registry data is the size of the registry and the possibility of revealing
statistically significant findings that are of no clinical importance. There are two types of error in
research, type 1 and 2. Type 1 error is to detect a difference between groups that do not exist in the
broader population (false positive). The p-value is set to minimize the risk of type 1 error, a p-value of
0.05 means there is a 5 % chance that a detected difference is a false positive difference. Type 2
error describes the risk of not detecting a difference in the study population that exists in the larger
population (false negative) and is a question of statistical power. In registry studies, both error types
are rare since the study population is ideally the same as the total population. Medical registries can
reveal statistical differences that are clinically irrelevant; hence, the effect estimates and confidence

intervals are more interesting than the p-values (103).

A common way to handle these challenges is to categorize the outcome measure; however, defining
clinically relevant change —i.e., does an ODI improvement from 30 to 25 mean this patient has had a
relevant clinical improvement? — can be problematic. Patients can perceive and weigh the different
items in the PROM instrument (ODI) differently. A concept of minimum clinically important
difference (MCID) has been established; this refers to the change in the PROM score necessary to
describe a meaningful clinical improvement (104). The MCID could be considerably higher than the
minimal detectable change (MDC), especially in large study populations. Different values for MCID
for ODI have been reported between 8-20 (84, 105, 106, 107, 108.). Different cut-offs for success
have also been reported at 22-24 points in the final ODI (109, 110). Dichotomous clinical outcome,
defined by specific cut-offs, makes calculations of proportions and risks of a particular outcome
possible. Categorical outcomes could also be easier to communicate with patients. The GPE scale had

a categorical design originally.

There are several ways to calculate the change in the PROM score. One can consider only the follow-
up value, irrespectively of the baseline value, i.e., Patient acceptable symptom state (PASS), or one
can calculate different change scores, either numeric change (follow-up score — preoperative score)
or percentage change (change / preoperative score). A percentage change of 30% improvement from
baseline was considered clinically meaningful at a consensus in 2008 (107). A systematic review from
2021 explored this topic: the definition of MCID and methods to identify MCID cut-offs (111). They

advised higher MCID for surgical conditions.
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A central point of using MCID and cut-off values is that they only apply to individual differences and
not to mean differences for groups of patients (91). When comparing groups, analyses according to
MCID or cut-offs might camouflage clinically relevant differences for some patients.

Success criteria for ODI score after spinal surgery, such as PASS score, MCID, or percentage change,
have been explored; however, criteria for failure and worsening are not well explored (109, 110). A
Norwegian study on LSS patients used an increase in ODI of 8 points - equal to the MCID for ODI - to
define failure/worsening (78). The assumption that MCID for deterioration would be equal to
improvement is not founded on scientific evidence. Another Norwegian study explored failure cut-
offs using an external anchor, but only for patients suffering from disc herniations (112). We focused
on failure after surgery for LSS and aimed to identify the most accurate PROMs that defined failure

and to calculate the cut-offs for this patient group in Norway.

4.6.2 Complications

Spinal surgery implies a risk for complications; elderly patients have reduced physiological reserves
and are prone to infections, postoperative hematoma, micturition problems and venous thrombosis.
The most common perioperative complication in LSS surgery is an incidental dural tear (ID), a
laceration of the membrane that covers the nerves in the spinal canal. Former studies have shown
higher postoperative ODI scores among patients that suffered an ID compared to those that did not,
although the difference between the groups was minor and below the MCID (58). An ID may involve
exposition of nerve filaments and leakage of cerebrospinal fluid. A repair of the dura with suture may
damage the nerve filaments. Also, continuous cerebrospinal fluid leakage after closure may

necessitate several days of bed rest. Hence, we expect that ID may lead to inferior results.

Some methodological issues should be considered when studying the impact of ID on PROM after LSS
surgery. Utilizing MCID on a group level might be misleading as patients exposed to the factor
examined (ID), although not clinically affected, will pull the mean score in a neutral direction.
Therefore, categorical outcomes may be more appropriate to use than mean values when assessing
the impact of a complication on a particular outcome. A categorical outcome allow us to calculate
the proportions of patients with a particular outcome. To explore the difference between continuous
and categorical outcomes, we aimed to examine the effect of ID on clinical outcomes both as a

categorical outcome using the GPE scale and on a continuous outcome using ODI.
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4.7 Registry data

Medical registries have grown in popularity over the years. They provide large patient populations
and reflect everyday practice in several surgical units; hence they report the effectiveness of the
treatment in the entire population (ideally, no selection bias) (103, 113, 114). Furthermore, registry-
based studies supplement results from more narrow studies, i.e., RCTs, as registry-based studies
provide high external validity. Moreover, registries also have the population size and statistical

power to analyze rare events such as complications (114, 115).

Most medical registries face common challenges. High coverage (the proportion of reporting treating
centres) and completeness (the proportion of eligible patients registered) are essential to optimize
external validity and minimize the risk of selection bias. Loss to follow-up is also a relevant problem
in medical registries; patients not responding may introduce an attrition bias when considering
clinical outcomes, and follow-up rates of 60-80% are recommended (88). Several studies have
explored loss to follow-up in spine registries and report some differences in baseline data between
patients who respond compared to those who do not. However, similar clinical outcomes are
reported by responders and non-responders (116. 117, 118). This has implications on how to handle
missing data, as data missing at random can be analyzed differently than data missing not at random.
The NORspine registry analyzed loss to follow up in a study from 2011 (116). However, the data used
was from 2004 and from one single treatment centre. We found it essential to repeat the analyses of

non-responders since the NORspine has developed into a national registry during the last decade.

NORspine is designed so that patients and surgeons complete different parts of the data set. As many
different persons provide the registry data, data can be misclassified. Inaccurate entries in the
registry might introduce information bias (103). A recent study reported low to moderate data
accuracy in a spine registry (German spine society (DWG)) and advised against using data from this
registry (119). NORspine conducts a data quality assessment every second year, and a former control
identified the following problematic variables: ASA classifications, comorbidities and reoperations
(120). Data quality is a paramount concern, and we aimed to explore the accuracy of registry data in
NORspine; this is important when reporting and interpreting results based on registry data. Data from

NORspine is the basis for this thesis.
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5 Aims of the thesis

Our primary goals were to explore failure and worsening after surgery for LSS using NORspine data
and to identify predictors for failure and worsening that could assist in patient information and

help in patient selection with an emphasis on shared decision-making.

5.1 Aims paper 1 (data accuracy in NORspine).

Assess data quality (accuracy and agreement) of the NORspine registry. Which variables are

sufficiently accurate to use in data analyses?

5.2 Aims paper 2 (characteristics of non-responders).

Examine if loss to follow-up introduces attrition bias that may affect the assumption of clinical

outcome.

5.3 Aims paper 3 (criteria for failure).

Identify the most accurate cut-offs for typical PROMs that define failure and worsening after surgery

for LSS.

5.4 Aims paper 4 (dural tear).

Examine the effect of incidental dural tear on clinical outcomes, using both categorical and

continuous outcomes.

5.5 Aims paper 5 (predictors for failure).

Identify and quantify predictors for failure and worsening after surgery for LSS in Norway.

29



6. Patients and methods

6.1 Study design

This thesis is based on retrospective analyses of prospectively collected data in a national spine

registry. Paper 1 was a cross-sectional study.

6.2 Patients

6.2.1 NORspine database

NORspine was established in 2000 as a local spine registry at the University hospital in Northern
Norway (UNN). It developed into a national spine registry in 2007 and is central to research and
health administration in Norway. In Norway, all treating centres are obliged to participate in the
registry. However, the NORspine is based on informed consent by the patients; all patients receive
and sign an information sheet before inclusion. The exclusion criteria in NORspine are age under 18,
insufficient understanding of the Norwegian language, and tumours, fractures and primary infections

(120).

A NORspine data set consists of baseline data provided partly by the patients (socioeconomics and
preoperative symptoms, including ODI score and NRS back —and leg pain; see Appendix 5) and partly
by the surgeons (previous surgery, comorbidity; see Appendix 6). Spine-related diagnostics and
surgical details are provided by the surgeons immediately after the surgery; see Appendix 6. The
patients receive two follow-up forms at three - and twelve months after surgery regarding the clinical
outcome and complications at three months. These forms record symptom severity, including ODI-
score, NRS back and - leg pain, health-related quality of living (EQ-5D) and clinical improvement using

the ordinal GPE scale (Appendix 7 and 8).

The NORspine registry generally has a loss to follow-up of 26% (23). NORspine registry complies with
most of the recommendations for spine registries proposed by Van Hoof in 2015 (88). Repeated

spine surgeries are registered as revision surgery if done within three months after the primary
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surgery and as a completely new case if the reoperation is done later than three months. NORspine

does not record patients that are treated conservatively.

6.2.2 Patients

We studied patients operated for LSS registered in NORspine, and included patients treated from 1.
st January 2007 to 1. st April 2017. We found 11873 patients, and 8919 (75%) answered at 12 months

follow-up. A flowchart illustrating the study population is displayed in figure 5.

The selection of patients for our studies was based on diagnosis and surgical procedure to make the
study population meet the requirements: patients with LSS who received decompressive surgery.

Additional diagnoses and surgical procedures exist for some patients.

In the data validation studies (papers 1 and 2), we assessed all LSS patients registered in NORspine
operated at four hospitals (Akershus University Hospital, Elverum Hospital, Gjgvik Hospital and
Lillehammer Hospital) during two years (2015 and 2016). We identified 474 patients (12.3% of the

NORspine population) in the validation studies.

Total number LSS patients
2007-2017 in NORspine

474

Operated at 4 selected“.
hospitals in 2015+2015%
Study 1 +2

—

> 50 years

Completed 12 m FU
Study 5

Completed 12 m FU
Study 3

Dural tear
Study 4

Figure 5: Flowchart of the total study population, displaying subgroups for paper 1 and 2 (data
accuracy in NORspine and characteristics of non-responders).
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6.2.3 Surgical methods

All patients received some type of decompressive surgery. Surgical techniques recorded by the
NORspine registry were laminectomy or laminotomy (one-sided, two-sided, and “cross over”

(bilateral decompression by a unilateral surgical approach)). Some patients had an additional fusion.

6.2.4 Data

In addition to data from the NORspine registry, we collected data from electronic patient records
(EPR) for paper 1. Data from EPRs were collected using a standard empty NORspine form, and the
investigators had no access to corresponding data previously recorded in the NORspine. The study
group selected a set of NORspine variables that could be re-captured from EPRs. Two raters

independently reviewed the EPRs of 22 patients to estimate inter-observer reliability in our study.

Supplementary follow-up forms were mailed to a subgroup of non-responders for paper 2. Patients
who did not complete the 12-month follow-up were contacted by regular mail twice, including one

additional SMS reminder.
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6.3 Statistics

We report central tendency in terms of mean (95% Cl) for continuous data with normal distribution
and numbers and proportions (%) for categorical data. We did not impute any missing data. To assess
selection bias, we did non-responder analyses of baseline characteristics in paper 3 and paper 5, in
addition to paper 2, as recommended by van Hoof (88).

All statistical analyses were done with SPSS versions 25 and 26 (IBM Corp. released in 2017. IBM SPSS
Statistics for Windows, Version 25. Armonk, NY) and MedCalc Software Ltd. relative risk calculator.

https://www.medcalc.org/calc/relative_risk.php (Version 20.027; accessed March 14, 2022).

Some of the statistical analyses have requirements regarding the data and distribution. The outcome
variables had a normal distribution. For the logistic regression, the following conditions were met:
categorical outcome variable, no correlation between the explanatory variables used in the models.
We also tested for multicollinearity and linear relationship between continuous explanatory variables

and the logit of the outcome variable.

Paper 1 (data accuracy in NORspine)

We calculated concordance in terms of agreement when comparing the structured NORspine data
with EPR data; we also calculated accuracy for dichotomous variables, using EPR as the gold standard
(Figure 6). We chose to report both accuracy and agreement because certain EPR variables could be

questioned as reference (e.g., smoking and comorbidity).

EPR+ | EPR-
NORspine + | A B
NORspine - | C D

Figure 6. Table displaying the terms used in accuracy (EPR = Electronic patient records). Sensitivity =

A/ (A+C), specificity = D/ (B+D), and Proportion Correctly Classified, PCC = A+D / (A+B+C+D).
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Accuracy was presented as sensitivity and proportion correctly classified. Agreement between
NORspine and EPRs was assessed by Cohen's kappa (k) or Fleiss weighted kappa (k) for categorical
variables (dichotomous and ordinal variables (ASA classification was analyzed as an ordinal variable,
ranging from 1 to 5, in the agreement analysis)). For continuous variables, we calculated the
intraclass correlation coefficient (ICC) using a two-way mixed model to assess absolute agreement.
We classified agreement (k-value) as minimal (0.21-0.39), weak (0.40-0.59), moderate (0.60-0.79),
strong (0.80—0.90) and almost perfect (> 0.90) (121). The agreement, according to ICC (values), was
classified as poor (< 0.50), moderate (0.50-0.75), strong (0.75-0.90) and excellent (< 0.90) (122).
Finally, we calculated the prevalence of missing values for each variable. The results are presented as

point estimates with 95% confidence intervals (Cl).

Paper 2 (characteristics of non-responders)

We performed a separate study on patients lost to follow-up, comparing baseline data and clinical
outcomes between non-responders and responders. To compare clinical outcomes, we collected
continuous variables such as ODI, NRS back- and leg pain and one categorized PROM: GPE
(transitional scale). We analyzed between-group differences by mean difference (95%Cl) and Stud T-

test for continuous variables, or relative risk (95%Cl) and z-statistics for categorical variables.

Paper 3 (criteria for failure)

We defined failure after surgery for LSS as GPE 4-7 (“unchanged” or any degree of worsening) at 12
months after surgery and worsening as GPE 6-7 (“much worse” and “worse than ever”). These
categorical outcomes were used as external anchors to identify cut-offs for failure and worsening.
We used Receiver Operating Characteristics (ROC) analyses for each PROM derivate to identify cut-
off values for failure and worsening. We determined the cut-off with the highest sensitivity and
specificity using the closest point to the upper left corner of the ROC curve (Figure 9). We calculated
the areas under the respective curves (AUC) to determine how accurately the PROM derivates

classified the outcomes as failure vs non-failure and worsening vs non-worsening. AUC values and
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corresponding grades of accuracy were interpreted as follows: < 0.7 = poor, 0.7 - 0.8 = fair, 0.8 - 0.9 =

good, and 20.9 = excellent accuracy (123).

To evaluate the consistency of our results across subgroups, we performed ancillary analyses for age
and preoperative ODI score quartiles, as well as different surgical treatments (decompression versus
decompression and fusion). We performed the subgroup analysis only for the failure group, as the

worsening group was considered too small.

Paper 4 (dural tear)

Primary outcome: To estimate the association between incidental dural tear (ID) and clinical
outcomes, we used multiple logistic regression with failure and worsening (defined by GPE) as
dependent variables, ID (yes/no), and potential confounders as independent variables. Based on
previously published data, we adjusted the primary analysis by the following potential confounders:
age, gender, BMI, smoking, ASA (dichotomized as grade 1 and 2 vs grade 3, 4, and 5), preoperative
PROMs, duration of leg pain before surgery, previous surgery (at the same lumbar level), multilevel
surgery, and fusion (in addition to decompression) (6, 78, 124). The potential confounders were
decided a priori and not by statistical testing. We provided unadjusted and adjusted estimates for
odds ratios (OR) with 95% Cls. This is in line with previous recommendations; multivariate methods

with adjustment for covariates are recommended (88, 89, 125).

Secondary outcomes: To examine the secondary outcomes, we repeated the regression analysis
using the different dichotomous outcomes (defined by ODI final score, ODI absolute change, and ODI
percentage change). To quantify the association between ID and the mean ODI final score and NRS
leg pain score, we used multiple linear regression with ODI final score and NRS leg pain as dependent
variables, adjusting for the possible confounders. We also analyzed the association between ID and
length of hospital stay and patient-reported postoperative complications, using multiple linear

regression and multiple logistic regression, adjusting for possible confounders.
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Paper 5 (predictors for failure)

We defined failure and worsening according to our findings in paper 3, with failure as ODI>31 at 12
months and worsening as ODI>39 at 12 months; ODI score as the primary outcome is recommended

by van Hoof (88).

We assessed predictors using uni- and multivariate logistic regression, with backward conditional
stepwise selection with an entry and removal threshold of 0.01. Failure and worsening were used as
dependent variables (outcome). Covariates in the predictor analyses were chosen according to
previous literature: age, gender, smoking, ASA classification, BMI, educational level, civil status,
Norwegian speakers, disability benefit, former spinal surgery, MRI findings, preoperative ODI score,
duration of symptoms, multilevel surgery (6, 78, 88, 124). Among the covariate variables, some were
dichotomized to improve the data-to-model fit and facilitate the interpretation of the analyses (age,
BMI, ASA classification, and educational level). There was no strong (<0.7) correlation between the
covariates, and only preoperative ODI had a non-linear relationship to logit failure, as displayed in
figure 1 in paper 1. There were no statistically significant effects of the interactions between the

covariates.

6.4 Etichs

Participation in the registry is voluntary and includes written consent. The study was also approved
by The Norwegian Regional Committee for medical and health research ethics ((2017/2157). Data
protection officers at the involved hospitals for data re-capture (Innlandet Hospital Trust and
Akershus University Hospital) approved the study. The study was conducted following the Helsinki

declaration and is presented according to the STROBE statement (126).
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7 RESULTS

7.1 Overall results

The mean (95%Cl) age in the entire study group was 65.8 (65.3-66.0); 52% were female, and 21%
were ASA class 3 or 4. MRI showed central stenosis in 70%, lateral stenosis in 57% and foraminal
stenosis in 10%. 25% of the patients had had previous spine surgery, and 75% had had back pain for
more than 12 months. The mean (95%Cl) preoperative ODI was 40 (40-41).

In the subgroup used in studies 1 and 2, the mean age (95%Cl) was 66 (65.3—67.2) years, and 254
(54%) were females. 26% were ASA class 3-4. 28% had had previous spine surgery, and the
preoperative ODI score was 41 (40 — 42).

In the entire study group, the mean (95%Cl) ODI 12 months after surgery was 23.9 (23.5 — 24.2), and
the mean (95%Cl) improvement in ODI was 15.9 (15.5 — 16.3) points (paper 5). The distribution of
preoperative ODI score is displayed in figure 7, ODI scores 12 months after surgery is displayed in

figure 8.
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Figure 7: Distribution of ODI before surgery for LSS.
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Figure 8: Distribution of ODI score 12 months after surgery for LSS.

At 12 months follow-up, the outcomes of 1,683 patients (20%) were classified as failures according to
the GPE (GPE 4-7) and the outcomes of 476 patients (6%) as worse (GPE 6-7) (paper 3). According to
the ODI final score cut-offs, 2950 (33.2%) patients were categorized as failures, including 1921
(21.6%) classified as worse 12 months after surgery (paper 5). When we used the ODI change score

as cut—offs, 2893 (32.8%) reported failure, and 2132 (24.2%) reported worse.

According to NORspine data, 3.2 % had perioperative complications (paper 1), and 13.7% had

postoperative complications (paper 4).

7.2 Results paper 1 (data accuracy in NORspine)

The total missing data was 0.9% in NORspine and 2.8% in EPRs. For a sample of 22 patients, the

interrater reliability for the two authors that reviewed EPR variables was almost perfect.
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Perioperative complications were recorded for 15 patients (3.2%) in NORspine, and 30 patients

(6.5%) in the EPRs. The agreement between NORspine and EPR for perioperative complications was

weak (k (95%Cl) = 0.51 (0.33-0.69)), the sensitivity for recording a complication (95%Cl) was 40%

(23-58%) (Table 1). Perioperative details (method of decompression, fusion, surgical access, spinal

level operated) recorded by the surgeon showed moderate to excellent agreement between

NORspine and EPR (k= 0.76 to 0.98), and high proportions were classified correctly (93-99%), the

sensitivity for the recording of perioperative details was high (92—99%) (Table 1). Smoking status had

an almost perfect agreement (k (95%Cl) = 0.93 (0.89-0.97)), a proportion correctly classified of

97.2%, and a sensitivity of 92.0% (Table 1).

Some surgical details, i.e. previous surgery (yes or no), had an almost perfect agreement (k (95%Cl) =

0.93 (0.89-0.97)), a proportion classified correctly of 97.2%, and a sensitivity of 95.8% (Table 1).

However, the number of previous surgeries showed only moderate agreement (k (95%Cl) =0.62

(0.48-0.75)) (Table 2).

ASA-classification (1-5) showed moderate agreement (k (95%Cl) = 0.73 (0.66—0.80)) (Table 2). The

prevalences of comorbidities differed in the two data sources; NORspine underreported

comorbidities compared to EPRs. Furthermore, the patients' height, weight, and BMI showed

excellent agreement between NORspine and EPRs (ICC= 0.99 to 0.99) (Table 2).

electronic patient records.

Table 1. Accuracy and agreement of NORspine data for 474 spinal stenosis patients compared to their

Variable (missing, n) Prevalence * | PCC** | Sensitivity Kappa (95%Cl) ***
n (%) (95%Cl)
Perioperative complications (11) | 30 (6.4%) 96% 40% (23-58) 0.51 (0.33-0.69)
Previous spinal surgery (14) 120 (26.1%) | 97% 96% (92-99) 0.93 (0.89-0.97)
Additional fusion 51(10.8%) | 99% | 94% (88-100) 0.93 (0.88-0.99)
Access, posterior midline (26) 414 (92.4%) | 93% 93% (91-96) 0.19 (0.03-0.35)
Level L2-3 (14) 74(16.1%) | 99% | 99% (96-100) 0.98 (0.95-1.00)
Level L3-4 (13) 193 (41.9%) | 99% | 98% (96-100) 0.97 (0.95-0.99)
Level L4-5 (13) 312 (67.7%) | 98% | 99% (98-100) 0.95 (0.92-0.98)
Level L5-S1 (13) 48 (10.4%) | 99% | 92% (84-100) 0.92 (0.86-0.98)
Smoking (43)**** 112 (26.0%) | 97% | 92% (87-97) 0.93 (0.89-0.97)

*prevalence according to EPR
** Proportion correctly classified
***Cohens Kappa

****Smoking was registered by patients on the preoperative form; the remaining variables were
registered by the surgeon on the postoperative form.
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Table 2. Agreement for NORspine data for 474 spinal stenosis patients compared to their electronic
patient records, ordinal or continuous variables.

Data source Variable Agreement* (95%Cl)

Surgeon, postoperative form ASA classification** 0.73(0.66 - 0.80)
Number of previous surgeries 0.62 (0.48 —0.75)***
Number of levels operated 0.91 (0.84 —0.99)
Type of surgery**** 0.90 (0.82 -0.98)
Method of decompression***** | 0,76 (0.68 — 0.84)

Patient, preoperative form Height (centimeters) 0.99 (0.98 - 0.99)
Weight (kilograms) 0.99 (0.99 - 0.99)
BMI (calculated) 0.99 (0.98 —0.99)

*Fleiss weighted kappa for ordinal data, Intraclass correlation coefficient (ICC) for continuous data.
ICC was calculated using a two-way mixed model and absolute agreement (average measures).

** ASA: American Society of Anesthesiologists - classification of physical status (1 - 5). Mean ASA
score was 2.17 in NORspine and 2.14 in EPR.

***Mean number of previous spine surgeries was 1.29 in NORspine and 1.42 in EPR.

****Type of surgery was graded as decompression or decompression and fusion.
***x*Decompression options were unilateral foraminotomy, crossover (“over the top”), or bilateral
foraminotomy.

7.3 Results paper 2 (characteristics of non-responders)

In the study group, 140 (30%) of the included patients had not completed 12 months of follow-up
(non-responders), and 334 (70%) had completed 12 months of follow-up (responders). Of the 140
non-responders, 17 were not possible to contact (unknown address, moved abroad or deceased);
hence only 123 were included in the analyses of clinical outcome. Sixty-four patients (52%) returned
our questionnaires (“responsive non-responders”), while 59 (48%) did not return the forms

(“resistant non-responders”).

The non-responders were younger than the responders, 63.0 (95% Cl: 61.0-64.9) vs 67.7 (95% Cl:
66.6 — 68.7) years, with a mean difference (95% Cl) of 4.7 years (2.59 - 6.74); p=<0.001. Non-
responders were more often smokers compared to responders (41 (30%) vs 70 (21%), RR (95%Cl)
1.40 (1.01 - 1.95); p = 0.044). Furthermore, non-responders had a lower proportion of surgeon-
reported relevant comorbidities compared to responders (93 (69%) vs 243 (78%), RR (95%Cl) 0.89

(0.77 - 1.00); p= 0.047). However, we found no statistically significant difference in ASA classification
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between the non-responders and responders (the number (%) of ASA grade 1 and 2 was 111 (79%) vs
242 (72%), RR (95% Cl) 1.09 (0.98 to 1.22); p = 0.100). There was no statistically significant difference
between the non-responders and responders at baseline for the other baseline variables. We found
no statistically significant difference in the type of surgery received by non-responders and

responders.

The median follow-up time for non-responders in our supplementary cross-sectional study was 50
months, interquartile range of 10 months (min 36 — max 64). We did not find any statistically
significant difference in mean (95%Cl) ODI score between the non-responders and responders
postoperatively 28.2 (23.2-33.2) vs 25.2 (23.2-27.2), mean difference (95% Cl) 2.99 (-2.11 to 8.11); p
=0.250 (Table 3). We did not find any statistically significant difference between the non-responders
and responders in other PROMs or proportions reporting success by GPE (63 (70%) vs 330 (79%), RR
(95%Cl) 0.89 (0.75 to 1.06); p = 0.183)) (Table 3).

We found no statistically significant differences in baseline variables between non-responders
answering our delayed follow-up (“responsive non-responders”) and non-responders not answering

(“resistant non-responders”).

Table 3. Postoperative clinical outcome for a selection of patients operated for LSS comparing responders and
non-responders.

Clinical outcome Non-responders. Responders. Mean diff (95%Cl) or p-value
Mean (95%Cl) / n (%) | Mean (95%Cl / n (%) | relative risk (95%Cl)

oDl 28.2 (23.2t0 33.2) 25.2 (23.2t0 27.2) 3.0(-2.1t08.1) 0.250

NRS back pain 4.62 (3.87 t0 5.37) 4.09 (3.77 to 4.41) 0.43(-03t0 1.2) 0.271

NRS leg pain 4.00 (3.21 to 4.79) 3.84 (3.50 to 4.18) 0.15 (-0.7 to 1.0) 0.719

Success by GPE* 63 (70%) 263 (79%) 0.89 (0.8 to 1.1) 0.183

(GPE) scale.

e Success defined as “completely recovered” or “much better” according to Global Perceived Effect
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7.4 Results paper 3 (criteria for failure)

An ODI percentage change of less than 20% displayed the highest accuracy in identifying failure 12
months after surgery. The area under the curve (AUC) (95% Cl) was 0.89 (0.88 - 0.90)), sensitivity
82%, and specificity 81%. An ODI final score of 31 points or more, and an ODI absolute change of less

than 8 points, also accurately classified failure (AUCs 0.87 and 0.86) (Table 4a).

An ODI final score over 39 points showed excellent accuracy in identifying worsening 12 months after
surgery. AUC (95%Cl) was 0.91 (0.90-0.92) and sensitivity 83%, and specificity 79%). ODI percentage
change of less than 9% and an ODI absolute change (improvement) of less than 4 points also

accurately classified worsening (AUCs 0.87 and 0.86) (Table 4b).

Table 4a. PROM accuracy to identify failure (GPE=4-7) and worsening (GPE=6-7) 12 months after surgical
treatment of spinal stenosis in 8,258 patients. An area under the curve (AUC) > 0.7 indicates acceptable
sensitivity and specificity.

Failure (GPE 4-7) n= 1683/8258 (20%)
Outcomes n Cut-off | AUC (95% Cl) sensitivity | specificity
Disability
ODI final score 8,220 31 0.87 (0.86-0.88) 0.79 0.78
ODI absolute change 8,174 -8 0.86 (0.86-0.87) 0.78 0.79
ODI percentage change | 8,161 -20% 0.89 (0.88-0.90) 0.82 0.81
Back Pain
NRS back pain final 8,174 5,5 0.87 (0.86-0.88) 0.79 0.81
score
NRS back pain absolute | 7,687 -1.5 0.83 (0.82-0.84) 0,80 0,74
change
NRS back pain 7,573 -21% 0.85 (0.84-0.86) 0,81 0,77
percentage change
Leg Pain
NRS leg pain final score | 8,067 5.5 0.85 (0.84-0.86) 0,73 0.82
NRS leg pain absolute 7,518 -1.5 0.83 (0.82-0.84) 0,77 0,76
change
NRS leg pain percentage | 7,398 -24% 0.85 (0.84-0.86) 0,79 0,78
change
Quality of Life*
EQ-5D final score 7,098 0.62 0.86 (0.85-0.87) 0,77 0,77
EQ-5D absolute change | 6,585 0.06 0.79 (0.78-0.81) 0,71 0,76
The final score was the absolute value at 12 months follow up. The absolute change was the final score
minus the preoperative score (negative values indicate improvement in ODI and NRS; positive values
indicate improvement in EQ-5D). The percentage change was the absolute change divided by the
preoperative score (negative values indicate improvement in ODI and NRS; positive values indicate
improvement in EQ-5D).
* EQ-5D percentage change is not meaningful due to a denominator between -0.6 and 1.0
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Table 4b PROM accuracy to identify failure (GPE=4-7) and worsening (GPE=6-7) 12 months after surgical
treatment of spinal stenosis in 8,258 patients. An area under the curve (AUC) > 0.7 indicates acceptable
sensitivity and specificity.

Worsening (GPE 6-7) n= 476/8258 (6%)
Outcomes n Cut-off | Cut-off Cut-off Cut-off
Disability
ODl final score 8,220 39 0.91 (0.90-0.92) 0.83 0.79
ODI absolute change 8,174 -4 0.86 (0.85-0.88) 0.77 0.79
ODI percentage change | 8,161 -9% 0.87 (0.86-0.88) 0.80 0.80
Back Pain
NRS back pain final 8,174 6.5 0.90 (0.89-0.91) 0.86 0.82
score
NRS back pain absolute | 7,687 -0.5 0.83 (0.81-0.85) 0,78 0,77
change
NRS back pain 7,573 -12% 0.84 (0.82-0.85) 0,82 0,77
percentage change
Leg Pain
NRS leg pain final score | 8,067 6.5 0.87 (0.86-0.89) 0,77 0,82
NRS leg pain absolute 7,518 -0.5 0.82 (0.81-0.84) 0,72 0,79
change
NRS leg pain percentage | 7,398 -13% 0.83 (0.82-0.85) 0,80 0,73
change
Quality of Life*
EQ-5D final score 7,098 0.53 0.90 (0.89-0.92) 0,86 0,81
EQ-5D absolute change | 6,585 0.03 0.81 (0.79-0.83) 0,78 0,74
The final score was the absolute value at 12 months follow up. The absolute change was the final score
minus the preoperative score (negative values indicate improvement in ODI and NRS; positive values
indicate improvement in EQ-5D). The percentage change was the absolute change divided by the
preoperative score (negative values indicate improvement in ODI and NRS; positive values indicate
improvement in EQ-5D).
* EQ-5D percentage change is not meaningful due to a denominator between -0.6 and 1.0

7.5 Results paper 4 (dural tear)

Surgeons reported incidental durotomy in 439/8919 cases (4.9%). Patients who suffered an ID more
often reported failure (adjusted OR (95%Cl) 1.45 (1.12 — 1.87); p=0.005) and worsening (adjusted OR
(95%Cl) 1.50 (1.01 — 2.23); p=0.045, compared to patients with no ID (Table 5). Patients who suffered

an ID during surgery reported a higher ODI score twelve months after surgery than those who did not
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suffer an ID (ODI (95%Cl) = 27.9 (26.2 — 29.6) vs 23.6 (23.3 — 24.0)). This difference remained
significant after adjusting for possible confounders (beta (95 % Cl) = 2.29 (0.58 — 4.00); p=0.009).

Furthermore, patients who suffered an ID reported more leg pain after surgery compared to patients
without ID: mean NRS leg pain was 4.2 (3.9 — 4.5) vs 3.5 (3.5 — 3.6); this difference remained
significant after adjusting for confounders (beta (95%Cl) of 0.6 (0.3 — 0.9); p<0.001). Patients with ID
had longer hospital stays than patients without ID (mean (95 % Cl) 5.7(5.2-6.2) vs 3.3 (3.2 — 3.4); this
difference remained significant after adjusting for confounders (beta (95%Cl) 1.58 (1.25-1.92) days;
p<0.001.

Among responders at a 3-month follow-up, 1259 (14.2 %) patients reported postoperative
complications. The corresponding numbers for patients with ID were 105 (23.3 %), and for patients
without ID, 1154 (13.7 %). Patients with ID had increased odds of urinary tract infection (UTI) after
surgery (OR (95 % Cl) 2.42 (1.53 — 2.73); p<0.001).

High age, gender (female), former surgery, and multilevel operations were associated with increased

odds of ID.

Table 5. Multiple logistic regression using «failure»* and “worsening”** at 12 months follow-up as the dependent
variable and dural tear and potential confounders as covariates.

Failure Worsening
variables OR (95%Cl) p-value OR (95%Cl) p-value
Dural tear 1.45(1.12-1.87) 0.005 1.50 (1.01-2.23) 0.045
Age 1.00(1.00 - 1.01) 0.312 1.00(0.99 —1.01) 0.547
Gender (Female) 0.88 (0.78 — 1.00) 0.043 0.97 (0.78 — 1.20) 0.769
Body Mass Index (cont) 1.01(1.00-1.03) 0.028 1.00 (0.97 -1.02) 0.659
Smoking 1.41(1.22-1.64) 0.000 1.53(0.93 -1.54) 0.001
ASA (3+4+45)*** 1.13(0.97-1.31) 0.125 1.20(0.94-1.54) | 0.153
Preoperative ODI (cont)**** 1.01(1.01-1.02) 0.000 1.03 (1.02 -1.04) 0.000
Preoperative NRS leg pain***** 0.93 (0.89 -0.96) 0.000 0.96 (0.90-1.02) 0.202
Preoperative NRS back pain***** 1.10(1.05-1.14) 0.000 1.15(1.07 - 1.24) 0.000
Duration leg pain >12mts 1.63(1.43-1.87) 0.000 1.54(1.22 -1.94) 0.000
Former surgery at same level 1.92 (1.64 - 2.26) 0.000 1.79 (1.38-2.31) 0.000
More than one level operated 0.90(0.79-1.02) 0.092 0.93(0.74 -1.15) 0.490
Additional fusion, any type 0.62 (0.51-0.75) 0.000 0.61 (0.43-0.85) 0.003

*Defined as Global Perceived Effect (GPE) 4-7 (unchanged or any degree of worsening) at 12 months
**Defined as Global Perceived Effect (GPE) 6+7 (“much worse” or “worse than ever”) at 12 months
*** American Society of Anesthesiologists classification (1-5) (grade 3 to 5)

****Oswestry Disability Index (0 -100), increasing for increasing disability

****X*Numeric Rating Scale (0 -10), increasing for increasing pain
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7.6 Results paper 5 (predictors for failure)

Failure: Table 6a displays the predictors for failure. The most substantial independent risk factors for
failure identified in the multivariate model were duration of back pain >12 months (OR=2.17 (1.88 —
2.50); p<0.001), former spinal surgery (OR=2.21 (1.94 — 2.51); p<0.001) and age >70 years (OR=1.99
(1.71 - 2.31); p<0.001). Socioeconomic variables, i.e. receiving disability benefits, low educational
level, not being a native Norwegian speaker, and living alone, all increased the odds of failure (OR
between 1.34 — 1.66). Variables concerning general health, i.e., smoking, BMI >30, and ASA>2, also
increased the odds of failure (OR 1.32 — 1.40). Higher preoperative ODI score (spine-related disability
increased the odds for failure (OR 1.06 (1.05-1.06; p<0.001)). Of the radiological variables, only the
finding of degenerative olisthesis on x-ray affected the odds for failure with decreased odds (OR=0.76

((0.64 — 0.89); p<0.001)).

Worsening: Table 6b displays the predictors for worsening. The most substantial independent risk
factors for worsening identified in the multivariate model were former spinal surgery (OR=2.00 (1.74
—2.30); p<0.001), duration of back pain >12 months (OR=1.85 (1.47 — 2.32); p<0.001), and age > 70
years (OR=1.93 (1.62 — 2.31); p<0.001). Socioeconomic variables, i.e., receiving a disability benefit,
low educational level, and living alone, increased the odds of worsening (OR between 1.26 — 1.66).
Variables concerning general health, i.e. BMI >30 and ASA >2, increased the odds of worsening (OR
1.33 — 1.39). High preoperative ODI score and duration of leg pain > 12 months increased the odds
for worsening (OR 1.07 — 1.29). None of the preoperative radiological variables influenced the odds

of worsening.

The proportion of patients that reported failure increased by the number of spinal levels operated
on. Previous spine surgery increased the odds of failure, but if the previous surgery had been done at
the same or another level did not matter (48% failures reported by patients who had previously
received surgery at the same spinal level, compared to 47% for those who were previously operated

at another spinal level).
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Table 6a: Logistic regression for 8919 patients operated for lumbar spinal stenosis and registered in NORspine during

2007-2017, using failure (ODI>31) as dependent variables and potential predictors as explanatory variables

Univariate Multivariate
Variables OR (95%Cl) p-value OR (95%Cl) p-value
Age >70 years 1.50 (1.37 - 1.64) <0.001 1.99 (1.71-2.31) <0.001
Gender (female) 1.44(1.32-1.57) <0.001
Smoking 1.46(1.31-1.63) <0.001 1.40(1.21-1.62) <0.001
Body mass index >30 1.54 (1.39-1.70) <0.001 1.34(1.18-1.53) <0.001
ASA grade >2 * 2.05(1.85-2.28) <0.001 1.34(1.16 -1.54)
Education level below college 1.99(1.79-2.21) <0.001 1.54 (1.35-1.75) <0.001
Civil status, living alone 1.62(1.46-1.78) <0.001 1.33(1.17-1.52) <0.001
Not Native Norw speakers 1.58 (1.26 —2.00) <0.001 1.66(1.23 -2.23) 0.001
Disability benefit (all types)** 1.46 (1.33-1.60) <0.001 1.67 (1.44-1.94) <0.001
Former lumbar spine surgery (any) | 2.26 (2.05—2.50) <0.001 2.21(1.94-2.51) <0.001
MRI central stenosis 1.05(0.95-1.15) 0.358
MRI lateral stenosis 0.91 (0.83 -1.00) 0.040
MRI foraminal stenosis 1.18 (1.02-1.36) 0.024
RF degen olisthesis 0.85 (0.75-0.97) 0.013 0.76 (0.64 — 0.89) 0.001
Pre opr ODI (cont)*** 1.06 (1.06 — 1.07) <0.001 1.06 (1.05 — 1.06) <0.001
Duration leg pain >12months 1.68 (1.52 —1.86) <0.001
Duration backpain >12months 1.87 (1.68-2.10) <0.001 2.17 (1.88 — 2.50) <0.001
Multilevel surgery **** 1.21(1.11-1.33) <0.001

* ASA = American Society of Anesthesiologists classification (1-5)
** All types of disability benefit, both full and partly supported

*** ODI = Oswestry Disability Index (0-100), indicating increasing disability

*¥*%* More than one level operated
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Table 6b: Logistic regression for 8919 patients operated for lumbar spinal stenosis and registered in NORspine during
2007-2017, using worsening (ODI>39) as dependent variables and potential predictors as explanatory variables

Univariate Multivariate
Variables OR (95%Cl) p-value OR (95%Cl) p-value
Age >70 years 1.50 (1.36 — 1.66) <0.001 1.93 (1.62 —2.31) <0.001
Gender (female) 1.36(1.23-1.51) <0.001
Smoking 1.52(1.35-1.71) <0.001 1.53(1.31-1.80) <0.001
Body mass index >30 1.53(1.36-1.71) <0.001 1.33(1.15-1.54) <0.001
ASA grade >2 * 2.14 (1.91-2.40) <0.001 1.39(1.19-1.62) <0.001
Education level below college 1.95(1.72-2.21) <0.001 1.51(1.29-1.76) <0.001
Civil status, living alone 1.52(1.37-1.71) <0.001 1.26 (1.09 — 1.45) 0.002
Not Native Norw speakers 1.49(1.16-1.92) <0.001
Disability benefit (all types)** 1.47 (1.32-1.63) <0.001 1.66(1.40-1.98) <0.001
Former lumbar spine surgery (any) | 2.19 (1.96 —2.44) <0.001 2.00 (1.74 -2.30) <0.001
MRI central stenosis 1.05(0.94-1.17) 0.428
MRI lateral stenosis 0.90 (0.81-1.00) 0.044
MRI foraminal stenosis 1.14 (0.97-1.34) 0.120
RF degen olisthesis 0.92 (0.80 —1.06) 0.255
Pre opr ODI (cont)*** 1.07 (1.07 - 10.7) <0.001 1.07 (1.06 - 1.07) <0.001
Duration leg pain >12months 1.74 (1.55-1.96) <0.001 1.29 (1.06 — 1.56) 0.010
Duration backpain >12months 1.95(1.70-2.24) <0.001 1.85(1.47-2.32) <0.001
Multilevel surgery **** 1.19(1.07-1.32) 0.001

* ASA = American Society of Anesthesiologists classification (1-5)
** All types of disability benefit, both full and partly supported

*** ODI = Oswestry Disability Index (0-100), indicating increasing disability

*¥*%* More than one level operated
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8 DISCUSSION

8.1 Study design and registry data

Several national registries for spine surgery have been developed over the last 20 years. A systematic
review from 2015 identified 25 different spine registries (88). The Scandinavian countries have
adapted registries early (2). Registry studies rely on prospectively collected data even if the study
idea and design are retrospective. Medical registries have grown in popularity over the years and
have some significant advances; they provide large populations that reflect daily practice, results are
generalizable, and data collection is cheap and quick as data already exists (103, 113, 114). Data are
collected prospectively (ideally with no recall bias) and by clinicians and patients independent from
the actual study.

Furthermore, registry-based studies supplement results from more narrow studies, i.e., RCTs (114,
115). Even if registry studies are observational in design, registries can collect many variables

allowing to adjust for confounders.

The main reasons for using registry data to answer our research questions were the possibility of
studying large populations, as we planned to study complications, and focused on failure and
worsening with predictors. We thought achieving this in a traditional prospective study would have
been too difficult; the Norwegian population is spread over a sparsely populated area, and most of
the treatment centres are small. Additionally, registry design has practical and economic advantages.
Furthermore, there were already ongoing prospective studies on LSS patients, and we considered
adding one more project, including more questionnaires, would be a too significant burden on this

patient group.

There are critics of research on registry data. A systematic review from 2015 concluded that spine
registries had not improved spinal care (88). The authors pointed out recommendations and that
registries can show trends, monitor quality and ultimately improve care. The sample size in registry
studies is essential to have in mind when interpreting the results, as large populations can provide
statistically significant findings that are not clinically relevant; the effect estimate is more important

than the p-value.
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Other concerns when designing registries are how extensive the registry should be, what types of
data should be recorded and which data sources are appropriate. The wish for data must be
balanced against the risk of reducing completeness and introducing missing data and the risk of non-
accurate data collection. NORspine has chosen to let the patients complete the form concerning the
preoperative clinical status and socioeconomic data. The surgeon completes the topics on spinal
diagnosis, radiological findings and indication for surgery, and the surgical details. The patients
complete the two follow-ups, which include clinical outcomes (PROMs) and postoperative
complications. One can question if this is the best way to collect these types of data — surgeons might
not be sufficiently aware of comorbidity, patients might not be competent to report complications,
and the patient might be biased by the behaviour of the surgeon and general impression of the

treatiment centre when scoring the clinical result.

Cybersecurity is an area of increasing interest. Health information can be hacked, lost, stolen or
changed. A study from 2020 reported that 94% of healthcare organizations had experienced one or
more cyber attacks (127). Holding health information in two parallel databases (medical registries
and EPR) and transferring medical information between different sources can increase the risk of
displaced health information. Ownership of health data registered in medical registries can also be
discussed. According to the legal considerations, the patient owns her/his information and can
demand information in EPR changed and information in registries deleted. These are crucial facets of
research, as trust in society and among patients is paramount to maintaining completeness and
improving the response rate. Hence, stable and trustworthy organization of medical registries and

reliable handling of registry data in hospitals are essential.
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8.2 Study population and overall results

The study population was created with a combination of the diagnosis of LSS and surgical procedure
decompression. Additional diagnoses and procedures were included, which introduces heterogeneity
in our population. A heterogenic population could be problematic, but it is also an advantage, as it
reflects the common everyday practice and improves the external validity of our studies. The
inclusion period (2007-2017) was set to have 12 months follow-up.

Baseline data from the study population was a standard LSS population similar to other studies (6, 7,
11, 37). The preoperative ODI of 40 and the clinical outcome with a mean ODI score of 23.9 and a
mean change in ODI score of 16 points is also in line with previously reported results (7).
Preoperative ODI had a normal distribution and no floor or ceiling effect (Figure 7). There was a
tendency to floor effect 12 months after surgery (Figure 8); this is a known challenge. ODI is reported
to have difficulty stratifying patients with low functional decline due to a floor effect (128). However,
the ODI score is a validated and widely used PROM. As we aimed to study failure and worsening, the
floor effect representing patients with good effects of treatment and low disabilities was not
considered relevant.

During our study period, an evaluation of which PROMs are best suited for measuring patients with
LSS was published; this study preferred the Zurich claudication questionnaire (129). However, we

used ODI as NORspine recorded this, but we will consider adding ZCQ in future studies on LSS.
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8.3 Paper 1 (data accuracy in NORspine)

Data quality is paramount in all research; prospective controlled trials (i.e. RCTs) and medical
registries usually have procedures for ensuring data quality. However, in medical registries, many
different treatment centres and medical staff contribute to data collection. Hence, data quality may
vary. Furthermore, patients (non-medical staff) also often contribute to registry data collection,
which may further impair the data quality. The development of artificial intelligence (Al) emphasizes
the importance of data quality, as Al totally relies on data, and no humans can control the algorithms
or results. Data quality affects not only medical research; a business study from 2017 tested the data
quality in various companies and found that only 3% of the companies had a data quality over the

chosen cut-off at 97% accuracy (130).

Our data quality assessment found an almost perfect agreement for patients' demographics and a
strong agreement for surgical details but a weak agreement for perioperative complications and
comorbidities; the registry underreported complications and comorbidities. Our findings are in line
with previous studies (119, 131). Registration of data closely related to the surgeons' speciality seems
to be easier than data far from the surgeons' speciality. Previously published studies reported high
accuracy when orthopaedic surgeons coded surgical procedures and classifying x-rays and low
accuracy when the surgeons coded diagnoses, assessed cognitive function and registered the

antibiotics (132 133, 134).

The level of data quality in the NORspine registry could be illustrated by the difference in agreement
between previous surgery; the dichotomous variable previous surgery yes/no had excellent
agreement (kappa 0.93), while the number of previous surgeries had a considerably inferior

agreement (kappa 0.62).

Spine registries have developed to become essential contributors to science. We think focusing on

data quality and knowledge about challenges in recording clinical data is essential when interpreting
existing research and planning new research projects. Another Spine registry in Germany published a
validation study after we had planned our study and just before our publication (119); this illustrates

the international focus on this field.

Data quality should be a future focus for medical registries, and revising the questionnaires to ease
understanding and completion may contribute to better data quality. The extent of the
questionnaires should be discussed within each registry; one should only record relevant data of high

quality. Making the forms shorter could be a way to improve concordance and increase the coverage
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and follow-up rates, as shorter forms may decrease the workload and burden for patients and health
care personnel completing them. Furthermore, combining patient - and surgeon-registered data into
a combined construct could also help increase data quality (135). Artificial intelligence (Al) could be
used to extract information to the registry from unstructured EPRs or to control information in
medical registries. A study from 2022 reported promising results for a language algorithm to identify

medical information in unstructured data (136).

Limitations:

Our study population was made by selecting four different hospitals over two years, resulting in 474
patients. The selection of treating centres was not random but done for practical and legal reasons;
we had to limit the data collection to treating centres where the authors worked. This introduced a
possible selection bias as data agreement and accuracy can differ between treating centres. The
study sample differed somewhat from the entire NORspine population at baseline; the included
patients had more comorbidity, higher BMI, and higher disability (ODI) and pain scores (NRS) for back
and leg pain. In addition, the study population had more smokers and fewer perioperative
complications than the total LSS population registered in NORspine. However, the differences

between the groups were minor, and we consider the sample representative.

When controlling data quality, one needs an alternative data source with corresponding data as a
reference set. Ideally, the alternative data source is correct and considered a “gold standard”. The
variables should be in the same form (continuous or categorical) and use the same scales or
classification systems. However, gold standards hardly exist in the medical world, and variables are
sometimes recorded differently. There are numerous possibilities for misrecordings in all data
sources; wrong measurement, misinterpretation, misspellings or incorrect plotting. These challenges

limited our choice of variables possible to compare.

We chose electronic patient records (EPR) as the comparable data source. EPR is compulsory in
Norway and has a solid legal stand. EPRs have also been used in previous validation studies (119,
135, 137, 138). Recording data from EPR is challenging as EPR does not consist of structured data.
We had to read a free text and interpret it into the actual variables /categories. To ensure reliable
registration when collecting data from EPR, two authors independently recorded data from 22 of the
same patients, and the interrater was almost perfect. Twenty-two patients might be too small a

sample to estimate interrater reliability; this was done as a practical solution.
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We considered some of the variables collected from EPR as “gold standards”, while others were
considered only as data from an alternative source. We calculated agreement for all variables, and in
addition, we calculated accuracy only when the corresponding data set could be regarded as a “gold
standard”. We would not pretend to have a better reference data source than we had. When
presenting accuracy, we chose to report proportion correctly classifies (PCC) and sensitivity as these

are commonly used and easily understood.

PROM s are essential in evaluating clinical outcomes in spine surgery. Unfortunately, our EPR did not
include PROM or any systematic evaluation of the outcome. The surgeon or physiotherapist had
written a few words about the clinical outcome for some patients. However, this was insufficient to
categorize or translate into any variable similar to what NORspine had recorded. Hence, we could not

evaluate any variables concerning the clinical result.

The surgeons recorded comorbidities in NORspine as “relevant comorbidities”, while EPR ideally
recorded all comorbidities. We think these data sources are difficult to compare as they measure
comorbidity somewhat differently. Therefore we chose to present comorbidity only as prevalences in

each data source rather than agreement or accuracy.

Postoperative complications are recorded in the NORspine by the patients and in EPR by medical
staff, and only if the patient contacts the same treating centre again. We found these two data sets
too different to compare concerning agreement, accuracy or prevalence. We will consider analyzing

data agreement regarding postoperative complications in a later study.

We evaluated patients who operated for LSS; this is often easy surgery with few technical variations

and a low risk for complications. Hence, our study sample might be a “best-case scenario” for

assessing data quality regarding surgical details and complications.
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8.4 Paper 2 (characteristics of non-responders)

In our population, there was a loss to follow-up at 30%. This is within the recommended follow-up
rate of 60-80% recommended by van Hoof; however, no consensus exists as an ultimate limit (88,
139). Our main finding was that patients lost to follow-up had only minor differences in patient
characteristics, and they had similar clinical outcomes as responders. Our findings are supported by

previously published data (116, 117, 118, 140).

Missing data can be classified as missing at random (MAR), missing completely at random (MCAR),
and missing at non-random (MNAR) (141). The classification of missing data is essential as it has
implications for analyzing the data. Random dropout is easier to handle than a systematic loss to
follow-up (attrition bias). In MAR, the non-responders may differ at baseline from responders but still
report similar clinical outcomes; MCAR means the groups are similar at baseline and follow-up; in
MNAR, the two groups report different clinical outcomes. MNAR represents an attrition bias risk as
the results are based only on respondents. There are methods to handle MNAR; multiple imputations

and mixed linear models (142).

Previous studies conclude the loss to follow-up to be of MAR type in the Norwegian and Danish spine
registries (116, 117). We also concluded that data was missed at random since only baseline
characteristics had some minor differences, while clinical outcomes were similar. We recognize that

this conclusion might have been too light as multiple imputations are advised in registry analysis (88).

NORspine has three and twelve-12 months follow-up. A literature review from 2020 showed
decreasing FU rates with increasing follow-up time; in addition, a review from 2011 reported that
more questions also increased loss to follow-up (143, 144). Reducing the follow-up time to 3 months
and the number of questions could increase the follow-up rate. Another possible way to increase
follow-up rates could be to randomize follow-up for a smaller group and focus on high follow-up
rates among the randomly selected subpopulation. The New Zealand joint registry randomly selects
20% of hip and knee replacements for follow-up; this may also cut costs related to a complete follow-

up (145).

Limitations.

We used simple statistics comparing the two groups. T-test presumes normality, and this was tested

prior to the analyses. More sophisticated methods could have been used, for instance, logistic
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regression analysis using loss to follow up as a dependent variable. This could allow us to build a

complete model adjusting the different predictors for being lost to follow-up.

Furthermore, our study was vulnerable to multiple testing; we tested 13 baseline variables and four
outcome variables, and as every test has a 5% risk of discovering a “significant” difference by chance
(p-value chosen at 0.05), some of our findings could be a result of multiple testing (type 1 error).
Furthermore, the study group was only 474 patients; we had no power analysis and might have

missed relevant differences (type 2 error).

We applied to The Norwegian Regional Committee for medical and health research ethics and were
allowed to contact the patients who had not responded to NORspine with two letters and one SMS.
We were not allowed to phone or in any other way make contact with the non-responders. This
limitation leads to a follow-up rate among non-responders of only 52%. In a former non-responder

study in NORspine, they phoned the patients and made contact with 97% (116).

We contacted the non-responders several years after the operation, median time was 50 months;
this may affect the results as we compared the outcome after 12 months for responders with the
outcome for non-responders after 50 months. However, clinical results after surgery for LSS are

stable; hence, this limitation may not be essential (118, 146, 147, 148).
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8.5 Paper 3 (criteria for failure)

To define failure, we found an ODI final score of 31 points or more, a percentage change in ODI of
less than 20%, or an absolute change of 8 points or less to be the most accurate cut-offs.
Furthermore, to define worsening, we found an ODI final score of 39 points or more, a percentage
change of less than 9%, or an absolute change of 4 points or less to be the most accurate cut-offs.
We also found cut-offs for NRS back —and leg pain (final score, absolute change and percentage
change). The ROC analyses showed that these cut-offs have good or excellent ability to identify
failure and worsening; these cut-offs can be used to categorize clinical outcomes. Our findings for the
final ODI score align with previous studies on PASS score and success criteria which found cut-offs for

success at 22-24 ODI points (109, 110).

Our finding of failure, defined as 8 points improvement in ODI and worsening as 4 points
improvement, may be hard to understand. ODI is a validated PROM with good intra-person
psychometric capability. One may think that the threshold between improvement and failure is an
ODI change of zero because ODI improvement should reflect clinical improvement; furthermore,
clinical worsening should increase the ODI score. However, the direction of change has shown to be
important, as clinically meaningful change has been reported differently for improvement and
deterioration (149, 150). We believe patients expect a certain improvement after surgical treatment,
and when this expectation is not met, patients feel the treatment as failure. Another possibility is
that when a patient knows there is a possibility for improvement in future surgical care, this has
some relieving effect per se and that when surgery is performed and “expended” without a
significant clinical improvement, patients have lost one possibly relieving asset; hence they might

perceive their symptoms as worse.

Different methods for categorizing a continuous clinical outcome (PROM) into success (or
failure/worsening) exist. One can use purely statistical methods or anchor-based methods. The
statistical methods are distribution based, using the variance in the data set to calculate cut-offs.
Effect sizes are a method using the mean change divided by the standard error described by Kazai,
and reliable Change index is another method (151, 152). Standards error of measurement

(SEM) quantifies the amount of error and random variation when the measurement is repeated. The
main limitations of the distribution-based methods are that they do not relate to clinical

improvement, are sample-specific, and are not suited to generalize (153, 154).
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Anchor-based methods are traditionally viewed as the gold standard for defining a specific clinical
outcome (154). There are several ways to use an external anchor; one can use the threshold category
(i.e. “somewhat better”) and calculate the mean PROM value within this subgroup. This value will
represent the cut-off for patients perceiving themselves as better. An advantage of this method is
that it might be more robust when the continuous clinical outcome variable has a ceiling effect, as
only the patients experiencing a minimum improvement are used.

Receiver operating characteristics curve (ROC) analysis is another anchor-based method. This
method parallels diagnostics, using the external anchor as a “gold standard” (diagnosis). To find the
PROM cut-off value, one must search for the best combination of sensitivity and specificity to
“diagnose” the categorized outcome (i.e. failure). The ROC method is widely used in this manner, and
the area under the curve (AUC) displays the “quality/accuracy” of the chosen PROM. Hence, ROC

analysis can compare the properties of different continuous variables (PROMs).

The AUC value is a measure of the test properties. The AUC is the probability that the PROM in a
randomly selected failure patient is higher than in a non-failure patient. An AUC of 0.5 means the test
is no better than flipping a coin (155). In our study, the AUCs were over 0.80 for all PROM-derivates;

this is considered as good or excellent (123).

Different methods are used to precisely identify the best combination of sensitivity and specificity.
One can find the point on the ROC-curve closest to the upper left corner (Figure 9), one can calculate
the Youden Index, the sum of sensitivity and (specificity) and choose the highest combination, or use
the point on the curve where sensitivity and specificity are equal (155).

In certain diagnostic or screening circumstances, misclassifying patients as either positive or negative
could be more critical. In our study, we had no priority regarding what was most important. Hence,
we think the method to identify the cut off-point was less important; we chose to find the point on
the curve closest to the upper left corner. However, this method introduces a potential error as one
must transfer this point to the table describing the curve to find the cut off-value and corresponding

sensitivity and specificity.

57



ROC Curve

e ——

Source of the Curve

ODI change
— NRS back pain change
“NRS leg pain change

Sensitivity

00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 9. ROC curves for change scores for ODI (blue), NRS back pain (red), and NRS leg pain (green).
The straight blue line displays the closest point to the upper left corner. The right side of each curve
describes the area under the curve and is between 0 and 1.00.

Limitations:

The choice of external anchor (GPE) can be discussed. The patients answer the GPE simultaneously as
they complete the ODI and NRS scores; hence, the GPE might not be entirely external. Furthermore,
GPE might be subject to recall bias as the current clinical state has shown to dominate when patients
determine their GPE change category (156, 157, 158, 159). The reliability of transition scales can also
be questioned. One study reported moderate to substantial reliability for these scales (160). Since
ODI, NRS and GPE are recorded simultaneously (by the same questionnaire) after surgery; one could
argue that one of the other PROMs could have been the anchor. However, GPE is recommended as
anchor according to an article from 2008 and is stated to provide a reliable assessment of health

transition (102, 161).

We used the cut-off from this study in paper 5, and these cut-offs defined about 30% of the LSS
patients as failures and 20% as worse. These proportions are higher than what the GPE instrument

displays (21% failure and 6% worse). Higher proportions of failure and worsening may be a
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consequence of the method for defining the cut-offs (ROC analyses with the best combination of
sensitivity and specificity); hence, the cut-off might overestimate the true proportion of failure and
worsening. This is illustrated by the distributions of failures and “non-failure” in figures 10 and 11, as
the proportion of failure is far smaller than the proportion of “non-failure”: The tails of the false
positive “non-failure” overlap and is larger than the tail of false negative failures. Hence, these cut-

offs overestimate the proportion of failures (and worsening).
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Figure 10. Distributions of failure (yellow) and non-failure (green) according to GPE score; ODI final
score. Cut-off of 31 points marked.
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Figure 11. Distributions of failure (orange) and “non-failure” (green) according to GPE; ODI
improvement. Cut-off of 4 points and 0 points marked.
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Using the final PROM score to define failure (and worsening) raises another significant criticism,
could cut-offs be different in patients with an extensive disability compared to patients suffering only
mild disability before surgery? One study on patients with back pain reported that patients with
more severe pain required a greater change to perceive the treatment as successful than patients

with less severe pain (162). Using percentage change derivates is one way to handle this concern.

There are also critics of the specific ROC method. ROC analyses are sensitive to random sample
variation, the non-parametric methods make constructing confidence intervals difficult, and ROC
analyses do not adjust for factors modifying the clinical outcome (other than analyzing subgroups)
163). The predictive modelling approach uses logistic regression analysis to solve these concerns.
Predictive modelling has been shown to have more accuracy in populations with skewed outcomes
and if a ceiling or floor effect exists. A Mannion recently presented this method on a spine population

at the Eurospine 2022 congress (164).

Using data recorded only after the surgery (ODI final score and GPE) to categorize the clinical result
may be too uncertain. Recall bias and assessing the two PROMs by the same form might weaken the
anchor. Figures 10 and 11 display a considerable overlap between the failure and “non-failure”
populations. This is a drawback of the cut-off concept; wherever we set the cut-off, large proportions
of either failure or “non-failure” patients will be misclassified. One can also imagine patients
improving in only one domain (i.e. less pain) and not improving in other domains (i.e. disability) or
the opposite. Is this failure? Designing a construct cut-off, combining the different PROMS (ODI + NRS
back pain and leg pain + EQ-5D) in an algorithm (i.e. failure defined as reaching three out of four cut-
offs), could help categorize such ambivalent clinical outcomes. Another idea could be to use
qualitative methods to define failure (or worsening) and as an anchor. A third way could be to define
individual goals for each patient before surgery and use these goals as definitions for success. Pain
and disability are subjective symptoms, and the effect of treatment might best be measured related
to the subjective expectations each patient has to symptom relieve before surgery. A preoperatively
recorded PROM where the patients define their individual minimal acceptable change before surgery
using modified ODI and NRS forms could be used as the anchor. This has been tested before with

exciting results, i.e. patients' expectations exceeding actual outcomes (165, 166, 167, 168).
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8.6 Paper 4 (dural tear)

We found that dural tears were associated with increased odds of failure and worsening. When
exploring the effect of ID on ODI score, the effect estimate was minor and far under the MCID values.
Our findings align with previously published data (55. 58. 124, 169, 170). However, adapting MCID
criteria to group differences may mislead the conclusions. This method may oversee an inferior result

in parts of one group, and categorized outcomes are advised in a review article (171).

We are aware that confounding factors may affect the risk for both dural tears and certain clinical
results (failure). For example, previous surgery may increase the risk of ID and the risk of failure
(unfavourable clinical result); this is displayed in figure 12. To avoid measuring the effect of
confounders, there are several statistical methods possible. To adjust for one confounder, one can
analyze subgroups, i.e. split the population into previously operated or first operation, and analyze
each subgroup separately. To account for many confounders, one can calculate a propensity score, a
probability for dural tears, for each patient based on the confounding factors and match patients
from each group with equal propensity scores. This result in a matched control design, where simple
statistical methods can be used to compare the groups. A drawback with this method is that one may

miss some patients that do not match, decreasing the total population and losing statistical power.

We adjusted for confounders by multiple logistic regression, using known confounding factors as
covariates. Logistic regression allowed us to keep more patients and avoid decreased statistical
power (6, 78, 172, 173). One could have considered a more advanced method; mixed modelling

would have kept all patients and used the available data (3 and 12 months follow-up).

Limitations:

We used GPE to categorize clinical outcomes. GPE may be subject to recall bias; still, it is
recommended as an outcome (156, 102). Why did we not use the ODI cut-offs presented in paper 3?
We planned to use ODI as a secondary outcome to assess the exact effect of ID and chose GPE as the

primary outcome to keep the primary and secondary outcomes apart.
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Confounders:
Previous surgery
Age
Gender
Duraltear ¢ Smoking
| BMI
ASA
ODI
NRS back- and leg pain
Duration of symptoms
Number of levels
Fusion

Clinical outcome
Failure

Figure 12

Causal relation between dural tear and clinical outcome. Green arrows shows the effect of
confounding factors (list on the right).

Dural tears vary from small punctures to large defects, damage to the neural structures may vary,
and the treatment will also vary from neglectance to watertight suture. These variations are not well
captured in a registry. We have shown that complications such as dural tears are not always recorded
(paper 1). Hence, the trustworthiness of registry data used to analyze complications like dural tears
can be questioned. This is important when reading the published literature on this field. All the large

population studies are registry-based.

Even if complications such as dural tears are rare and a large population is mandatory, our primary
idea of using registry data might not be optimal for detecting these complications and the variety
among them. Furthermore, the NORspine registry might not be suited to detect postoperative
complications related to dural tears (re-operations, infections, etc.). We might have planned the
dural tear study differently, knowing this. A prospective multicenter study focusing on data quality
may have been more suitable. An alternative design could have been to supplement NORspine with
detailed data from EPR on ID for a period, using the NORspine registry to look closer into a specific

topic.
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8.7 Paper 5 (predictors for failure)

Knowledge of predictors of the outcome of LSS surgery is central to the proper selection of patients.
Certain predictors have been identified before; however, most focus has been on success. Failure or
worsening after surgery are known outcomes after spine surgery and could be challenging to cope
with for patients (and surgeons). Hence, information and advising on predictors for failure and
worsening are essential. One recent systematic review on LBP found a significant association
between socioeconomic factors such as low educational level and low income and clinical outcomes
after surgery and emphasized the importance of understanding predictive factors for poor outcomes

in research (174).

Our study identified several predictors of failure and worsening. The strongest predictors were
previous spine surgery, duration of back pain of more than 12 months and age over 70 years.
Additionally, we identified several socioeconomic factors associated with increased odds of failure
and worsening (low education, living alone, not Norwegian speaking, and receiving disability
benefits). Our findings are in line with previous literature, except for age, as there are divergent
findings on whether age affects clinical outcomes (7, 37, 78, 174, 175, 176, 177, 178, 179, 180, 181).
Our findings were consistent as the sensitivity analyses (repeated regression analyses using other

definitions for failure and worsening) revealed almost identical results.

Interestingly preoperative MRI findings were not associated with failure or worsening. Previous
studies confirm no associations between radiologic findings and symptoms or clinical outcomes;
however, one study from 2017 found an association between the grade of LSS on MRI and clinical
outcomes (7, 29, 181, 182). A recent Norwegian study on LSS patients supports this; they found no
association between MRI findings (other than severe disk degeneration) and clinical outcome (183).
The lack of association between preoperative MRI findings and clinical outcome does not mean one
should not consider MRI before surgery. The above-mentioned studies are performed on populations

already selected for surgery based partly on MRI findings.

Socioeconomic variables were associated with failure and worsening. According to the effect
estimate, a combination of several socioeconomic variables seems to have a significant impact on
clinical outcomes. NORspine records many socioeconomic factors, we included variables that are

independent, and the selection of variables was tested for possible correlations. However, the
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chosen variables can be mediators of a more basic patient-related trait or condition that are hard to
define or measure.

Even if socioeconomic factors are associated with an increased risk of failure and worsening, it is
crucial to keep in mind that all patients should have equal rights to health care. However, if the
expected utility of the planned surgery is low, the best individual decision might be a non-surgical

treatment for certain patients.

Understanding the properties of the chosen dependent outcome variable is essential when
interpreting the results. We used the final ODI score over 31 (39) to define failure (worsening), and in
the sensitivity analyses, we used an ODI improvement of less than 8 (4) points. We chose ODI final
score as the outcome based on our findings in paper 3 and because a final score is easy to
understand and use. Additionally, there are parallels between ODI final score and the PASS score
assessing success reported by van Hooff et al. (ODI=22) and a criteria for success reported by
Austevoll et al. (ODI=24) (109, 110). One Norwegian study from 2015 assessed predictors of failure;
this study used an increase in ODI of 8 points (MCID) as the definition of failure (78). We question this
definition, and this way of using MCID as the direction of change has shown to be relevant (149,

150).

Previous spine surgery was a strong predictor of failure and worsening, a recent Norwegian study on
success rates after spinal reoperations confirmed this (184). We used the final ODI score as the
dependent variable. Patients undergoing repeated spine surgery might have less chance of achieving
a particular ODI final score than patients undergoing surgery for the first time. The recent study on
outcomes after reoperations reported declining success rates from 66% after the first surgery to 22%
after four (or more) spinal surgeries (184). A success rate of 22% is surprisingly low and does not fit
well with our clinical judgement. Patients undergoing repeated spine surgery could have different
expectations than patients undergoing first-time surgery. Hence, the threshold of patient-reported

success might have to be redefined for patients undergoing multiple spinal surgeries.

Patients seeking help for spine-related symptoms might have tried conservative treatment before.
They might be out of work and be physically and mentally compromised. Balancing considerations
may be complex when faced with a possible solution (surgery). The patients translate all information
provided, and this translation could be affected by the situation the patients are in. Negative
information (risks of failure and worsening and complications) might be underweighted, and the

patient's expectations of improvement might be overweighted. A parallel can be found in prospect
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theory; people can weigh probabilities wrong (185). We emphasize the importance of

communication with patients considering spinal surgery.

Limitations:

It can be tempting to analyze predictive factors by assessing how they affect the clinical result or how
they result of selection; i.e. smoking may affect the biological healing process, hence the result. On
the other hand, smoking can be associated with certain personality traits and mechanisms of coping
with chronic pain (or chronic pain) and hence, a confounding factor. Our study was observational and
can only assess associations rather than discover causality. Predictive factors are only associated with
failure, not necessarily causing failure. The purpose of a predictor analysis is to improve patient
selection and information. Even if one could intervene and amend some modifiable factors at
baseline, we do not know if this would change the clinical outcomes. Furthermore, the potential
predictive factors are limited to variables adapted by the NORspine registry, and they may be
mediators or confounders. There could still be unrecorded variables with a substantial effect on

clinical outcomes.

Even if logistic regression analysis and building a multiple logistic model is a standard method in
predictor analysis, the overall importance of the variables included in our model was limited (186).
Negelkarke R?=0.292, cox and Snell R?=0.209, meaning that only 20-30% of the variance seen is
explained by the explanatory variables included in the model. We did not perform analyses to
determine the relative importance of the different types of variables. We could have sequentially
excluded groups of variables (i.e. socioeconomic or pain-related variables) and tested how this
process affected the R> measures. Such an approach could be interesting in future predictor analyses

and help point out which variables are more relevant than others.

We were aware of the pitfall of including all the NORspine variables in our prediction model. To
reduce the possibility of accidental findings due to multiple testing, we used a p-value of 0.01. We
paid attention to only including explanatory variables known from the literature or clinic. Our
population was large, and according to a “rule of thumb” of ten events per possible predictor, our
study was powered to identify predictors (186, 187). A recent study from Mannion presented in
Eurospine in October 2022 reported that adding more than 20 predictors did not increase the

explained variance (R?) (164).
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We focused on LSS diagnosis and decompression irrespective of surgical technique and additional
fusion; our population was somewhat heterogenous but reflected everyday practice. Our focus was
to identify predictors prior to surgery, irrespective of different surgical techniques. We performed
subgroup analyses on patients that received additional fusion surgery with similar findings.

We did not impute missing data. We regarded missing data as missing at random (MAR); hence no
need for imputing data (paper 2). We are aware of this limitation and will consider imputing data in

future research, according to a previously published recommendation (186).

Our predictor analysis focuses on failure and worsening after LSS surgery. After planning this study
(2016-2017), artificial intelligence (Al), machine learning and more complex predictive models have
advanced. The Swedish spine registry published Dialog Support in 2021 and The Swiss Shulthess
clinic Prognostic tool in 2022, both available as free internet services (177, 188, 189). These
predictive tools are valuable assets in patient selection and information. They confirm our findings

but have advanced some steps further.
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8.8 Future implications

Based on the work in this thesis, some new research questions and ideas have evolved. Concerning
data quality and concordance, we concluded that some variables had low agreement and accuracy.
NORspine also collects data on MRI findings. We question the concordance of radiological data and

plan a validation study where we assess the reliability of surgeon-reported MRI findings.

Data on postoperative complications were not applicable to validate in terms of agreement and
accuracy. We plan to explore the prevalence of postoperative complications in NORspine compared
to EPR and to explore the association between postoperative complications and clinical outcome and

patient satisfaction.

The NORspine registry has a coverage of 70%; this opens questions about the patients never
registered, which may introduce selection biases. Studies have been performed using a national
patient registry to explore this topic, but this area could be supplemented by a study using clinical

data from treating centres.

We are strengthened in the view that categorical outcome measures are helpful but still uncertain
about the criteria for success and failure. However, the patient's expectations may vary according to
baseline data and the patient's situation before surgery. Previous studies have reported a gap
between expectations and actual outcomes (165, 166, 167, 168). We plan a study to explore patients'
expectations of spine surgery using a modified NRS and ODI survey before surgery. The goal is to

quantify how much pain (NRS) and disability (ODI) the patients think they will accept after surgery

and if achieving these predetermined threshold scores will correlate with success and satisfaction.

Previous surgery is associated with increased odds of failure (184). However, clinical experience
questions the impact of previous surgery. Defining stratified criteria for success and failure related to
the number of previous spinal operations could be of interest. This could be performed by repeating

our cut-off study (paper 3) using subgroups based on the number of previous spine surgery.

We find the identified predictors in paper 5 interesting. Constructing an algorithm to assess the risks
for certain outcomes using our predictors for failure and worsening combined with predictors for
success can be a future goal. Exploring the relative importance of the different categories of

predictors could be one step towards this future goal.
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9 Conclusions

NORspine data had varying accuracy; patient-provided data and surgical details showed a good
concordance, while surgeon-provided medical information and complications showed a low
concordance. Hence, the NORspine registry may not be optimal for analyzing certain aspects, such as
comorbidities and complications. Patients lost to follow-up are somewhat different from patients
completing follow-up, but the clinical result did not differ after LSS surgery. Research using registry

data is valuable and necessary but must be planned thoroughly and interpreted carefully.

Clinical outcomes after surgery for LSS can be challenging to assess. PROMs are essential in disorders
dominated by pain and disability. Interpreting PROMs is challenging, and a combination of
continuous and categorical outcome variables may be helpful. We found that an ODI final score of
>31 and an ODI percentage change of <20% defined failure best. For worsening, the corresponding
cut-offs were an ODI final score of>39 and an ODI percentage change of <9%. Finally, 20-30% of
patients reported failure after surgery for LSS, and 6-20% reported worsening, depending on the

PROM used to define failure and worsening.

The most common perioperative complication was a dural tear, with an incidence of 5%. Patients

who suffered from a dural tear had increased odds of failure and worsening.

Several patient characteristics were associated with clinical outcomes; back pain lasting longer than
12 months before surgery, previous spine surgery, and age over 70 increased the odds of failure and

worsening. Socioeconomic factors were also associated with the clinical outcome.

The best treatment for spinal stenosis may include a proper selection of patients, evidence-based
patient information and a safe surgical technique with minimized risk of complications. We hope that
the results of the work in this thesis have contributed to the process of defining failure and
worsening after surgery for LSS and to the identification of predictors in a pragmatic clinical setting

that may aid surgeons in informing and selecting patients for surgery for LSS.
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11 Appendix

11.1 Appendix 1

Norwegian version of Oswestry Disability Index

Vennligst les: Dette spemeskjemaet er ulformet for & gi behandleren cpplysninger om hvardan
ryggsmertene dine har pavirke! din evne il 4 klare deg | daglighivet. Vennligst svar pa hwvert
awvsnitt, og marker bare det ene feltet i hvert avsnitt som gielder for deg. Vi forstéar at du
kanskje synes at fo av utsagnene | hvert avsnitt gielder deg, men vennligst marker bare feltet
som best beskriver ditt ndvaerende problem.

Del 1 = Smerteintensitet
1. Jeq har ingen smener for ayeblikket
2. Smertena er valdig svake for ayeblicat
3. Smertena er moderate for ayablikket
4. Smertena er termmelig sterke for ayebikket
5. Smertene er veldig sterke for ayeblikket
6. Smerana er de wersta jeqg kan tenke meg for ayeblikket

Del 2 = Personlig stell (vaske seg, kle pa seg, osv.)
1. Jeq kan stelle meg sabv pa vanlig mate uten at det forarsaker ekstra smerer
2. Jeg kan stelle meg salv pa wanlig mate, men det er veldig smertefullt
3. Det er smertefullt & stelle meg selv, og jeg gier det langsomit og forsiktig
4. Jeg trenger noe hjelp, men karer det meste av mitt persondige stell
5. Jeg trenger hjelp hver dag til det mesate av eget stell
6. Jeg kler ikke pa meg, har vanskeligheter med & vaske meg. og holder sengan

Del 3 = Laefte

1. Jeg kan lafte tunge ting uten a fa mer smerter

2. Jeg kan lafte tunge ting. men far mer smerter

3. Smertena hindrer meg | & lofte tunge ting opp fra guivet, men jeg greler det hwis det
som skal laftes er gunstig plassert. f.eks. pa et bond

4. Smertena hindrer meg | & lafte tunge ting. men jeq kan klare kette eller middels tunge ting,
hwis det er gunstig plassart

5. Jeg kan bare lefte noe som er veldig lett

6. Jeg kan ikke lafte eller baere noe | det hele tatt

Del 4 - Ga
1. Smerter hindrer meg ikke | & ga i det hele tatt
2. Smerter hindrer mag | & ga mer enn 1 %% km
3. Smerter hindrer meg | & ga mer enn ¥ km
4. Smerter hindrer meg | & ga mer enn 100 m
5. Jeg kan bare ga med stokk eller krykker
6. Jeg ligger for det meste i sengen og jeg ma krabbe til toalettet

Del 5 - Sitte
1. Jeg kan sithe sa kenge jeg vil | en hwilken som hedst stol
2. Jeg kan sitte 53 benge eg vil | min favonttstol
3. Smerter hindrer meg | & sitte | mer enn en time
4. Smerter hindrer meg | & sitte | mer enn en haly ime
5. Smerter hindrer mag | & sitte | mer enn B minutter
6. Smerter hindrer meg | & sithe | det hele tatt
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GRENSNINGER

ONSBE:!

Del 6 - Sta
1. Jeg kan sta sa lenge jeg vil uten a fa mer smerter
2. Jeg kan sta sa lenge jeg vil, men far mer smerter
3. Smerter hindrer meg i a sta i mer enn en time
4. Smerter hindrer meg i a sta i mer enn en halv time
5. Smerter hindrer meg i a sta i mer enn ti minutter
6. Smerter hindrer meg i a sta i det hele tatt

Del 7 - Sove
1. Sgvnen min forstyrres aldri av smerter
2. Sevnen min forstyrres av og til av smerter
3. Pa grunn av smerter far jeg mindre enn seks timers sevn
4. Pa grunn av smerter far jeg mindre enn fire timers sevn
5. Pa grunn av smerter far jeg mindre enn to timers sevn
6. Smerter hindrer all savn

Del 8 — Seksualliv
1. Seksuallivet mitt er normalt og forarsaker ikke mer smerter
2. Seksuallivet mitt er normalt, men forarsaker noe mer smerter
3. Seksuallivet mitt er normalt, men svaert smertefullt
4. Seksuallivet mitt er svaert begrenset av smerter
5. Seksuallivet mitt er nesten borte pa grunn av smerter
6. Smerter forhindrer alt seksualliv

Del 9 - Sosialt liv

. Det sosiale livet mitt er normalt og forarsaker ikke mer smerter

2. Det sosiale livet mitt er normalt, men gker graden av smerter

3. Smerter har ingen betydelig innvirkning pa mitt sosiale liv, bortsett fra at de begrenser
mine mer fysisk aktive sider, som sport osv.

4. Smerter har begrenset mitt sosiale liv og jeg gar ikke sa ofte ut

Smerter har begrenset mitt sosiale liv til hjiemmet

6. Pa grunn av smerter har jeg ikke noe sosialt liv

sy

o

Del 10 - Reising
1. Jeg kan reise hvor som helst uten smerter
2. Jeg kan reise hvor som helst, men det gir mer smerter
3. Smertene erille, men jeg klarer reiser pa to timer
4. Smerter begrenser meg til korte reiser pa under en time
5. Smerter begrenser meg til korte, nedvendige reiser pa under 30 minutter
6. Smerter forhindrer meg fra a reise, unntatt for 4 fa behandling

Skéring; kode om spersmélene til

0-5(1=0.....6=5). Summer hvert The Modified Oswestry Disability Index (Baker et al 1990)
sporsmil, deles med antall besvarte Oversatt av Margreth Grotle og Nina K:Vellestad 2001,
spersmal, multipliseres med 0,2 og Seksjon for Helsefag, Universitetet | Oslo

100 for 4 fa en prosentskir.
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11.2 Appendix 2

Norwegian version of EQ-5D

Beskrivelse av helsetilstand (EQ-5D)

Vis hvilke utsagn som passer best pa din
helsetilstand i dag ved a sette kur ettkryss i en av
rutene for hvert punkt nedenfor.

1. Gange

[]Jeg haringen problemer med 4 ga omkring

[] Jeg har litt problemer med a ga omkring

[1Jeg er sengeliggende

2. Personlig stell

[] Jeg har ingen problemer med personlig stell
[[] Jeg har litt problemer med & vaske meg eller kle meg

[] Jeg er ute av stand til & vaske meg eller kle meg

3. Vanlige gjgremal

[] Jeg har ingen problemer med 4 utfere mine vanlige
gjgremal

[ Jeg har litt problemer med a utfare mine vanlige
gjgremal

| [] Jeg er ute av stand til & utfare mine vanlige gjaremal
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11.3 Appendix 3

Norwegian version of numeric rating scale (NRS) back pain and leg pain

Hvordan vil du gradere smertene du har hatt i rygg/hofte i |!3pet av den siste uken> Sett kryss ved ett tall.

10
I:I I:I I___I I:l |:| EI I:l I:I I:l I:I O
Ingen smerter S4 vondt som det garan i ha

Hvordan vil du gradere smertene du har hatt i benet (ett eller begge) i lepet av den siste uken? Sett kryss ved ett tall.

1 6 8 9 10
l:l O L_.l I:I EI l:l O |:l O O O
Ingen smerter Sa vondt som det gar an 4 ha

11.4 Appendix 4

Norwegian version of the Global Perceived Effect (GPE) scale

Hvilken nytte mener du at du har hatt av operasjon?

(Sett kun ettkryss)
[[] Jeg er helt bra

[] Jeg er mye bedre
[] Jeg er litt bedre
[] ingen forandring

[] Jeg er litt verre

|:| Jeg er mye verre

[[] Jeg er verre enn noen gang far
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11.5 Appendix 5

NORspine form, patient-completed, before surgery.

Nasjonalt
Kvalitetsregister
for Ryggkirurgi

[ U]y

0

Formalet med dette sperreskjemact er a gi leger, sykepleiere
og fysioterapeauter badre forstielse av ryggpasienters plager
g gi dem mulighater til & vurdere effekter av behandling. Din
utfylling av skjemaet vil og vaere til stor nytte for 4 kunne gi et
best mulig behandlingstilbud til ryggpasienter i fremtiden.

Sperreskjemaet har fire deler. Forste del omhandler ulike sider
ved din utdanning og familie samt dine smerter og plager.

De neste delene bestar av tre ulike sett spersmal for maling av
din ndvazrende helse. Det ferste av disse (kalt Oswastry-skdre)
E-post miler hwordan rygaplagene pavirker dine dagligdagse gjaramal.
Det andra (kalt EQ-50) maler din helserslaterte livskvalitet.

Den siste delen er en skala der du skal merke av hvor god eller
v O] o v

(Far bruk ved etterkontroll)

Datofor ufyling QD QMD D“D

1. Sivilstatus (sett kun et kryss) || Gife

{For bruk ved atterkontroll)

‘ Rayker du? [ [] e ‘ [] semboence
l:‘ Enslig
Hoyde DDD {m) Vakt I:":":l (kg) 2. Hvarmange barn har du? |:||:|

1. Hva er din heyest fullferts utdanning? (Sett kun ettkryss) | | [ ] Morsk

[] samisk

El Annat, angi hvilket

[ ] Grunnskale 7-10 ar, framhaldsskola eller folkehayskole

|:| frkesfaglig videregaende skole, yrkesskole eller realskols
|:| Allmennfaglig videregdende skole eller gymnas
|:| Heyskole eller universitet (mindre enn 4 ar)

[ ] Hoyskole eller universitat (4 ar eller mer)

LEMBLAT) NG, A5, TACM - C1ERITT
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Hwvor sterke smerter har du hatt siste uke?

Ingen smerter

Ingen smerter

Hwvardan vil du gradere smertens du har hatt | ryggrhofte i lepet av den siste uken? Sett ring nundt ett tall.

0 1 2 E 4 5

Hwvordan wil du gradere de smertene du har hatt i benet (ett eller begge) i lapet av den siste uken? Sett ring rundt etk tall.

Q 1 2 3 4 5

[ 7 8 9 10

53 vondtsom detgarana ha

3 7 8 9 10

53 vondt som detgirand ha

Funksjonsscore (Oswestry)

Disse sporsmalene er utarbeidet for a gi oss informasjon om
hwordan dine smerter har pavirket dine muligheter til 4 klare
dagliglivet ditt. Vaer snill 3 besvare spersmalene ved 3 sette
kryss (kun ett kryss for hvert avsnitt) i de rutene som passer
best for deg.

Smerte
Jeg har ingen smerter for eyeblikket

Smertene er veldig svake for eyeblikkat
Smertens er moderate for ayeblikket
Smertene er temmelig sterke for eyeblikket

Smertene er veldig sterke for eyeblikket

oo

Smertene er de versta jeg kan tenke meg for oyeblikket

Personlig stell

Jag kan stelle meg selv pa vanlig mata uten at det
forarsaker ekstra smerter

Jeg kan stelle meg selv pa vanlig mate, men det er
veldig smertefullt

Det er smertefullt a stelle seqg salv, og jeg gjer det
langsomt og forsiktig

Jag trenger noe hjelp, men klarer det maste av mitt
personlige stell

Jag trenger hjelp hver dag til det mesta av eget stall

N I I B

Jag kler ikke pa meg, har vanskelighetar med a vaske
mieg og holder sengen

A lefte

Jeg kan lefte tunge ting uten 4 fa mer smertar

Jeg kan lefte tunge ting, men far mer smerter

Smertena hindrar meg 1 3 lefte tunge ting opp fra gulvat,
men jeq greier det hvis det som skal leftes er gunstig
plassert, for eksempel pd et bord

l:l Smertene hindrer mag i 4 lefte tunge ting, men jeq klarer
lette og middels tunge ting, hvis det er gunstig plassert

O OO«

D Jag kan bare lefta noe som er veldig lett

[ ] Jeq kanikke lefte eller beere noe i det hele tatt

4. Aaga
l:‘ Smerter hindrer meqg ikke i & gd i dat hele tatt

l:‘ Smerter hindrer meg i 3 ga mer enn 1 % km
l:‘ Smerter hindrer meg i 3 ga mer enn 3 km
l:‘ Smerter hindrer meg i 3 ga mer enn 100 m

l:‘ Jeg kan bare ga med stokk eller krykker

D Jag ligger for det meste i sengen, og jeg ma krabbe til
foalettet

5. Asitte
l:l Jeg kan sitte s lenge jeg vil 1 en hvilken som helst stol
El Jeq kan sitte 53 lenge jeg vil 1 min favorittstol
|:| Smerter hindrer meg i 4 sitte | mer enn en time
l:l Smerter hindrer meqg i 4 sitte | mer enn en halv time
El Smerter hindrer meqg i 4 sitte | mer enn ti minuttar

|:| Smerter hindrer meg i 4 sitte i det hele tatt

6. Asta
D Jeg kan sta sa lenge jeg vil uten a fa mer smerter

l:‘ Jeq kan sta sa lenge jeqg vil, men far mer smerter
l:‘ Smerter hindrer meg i 3 3ta | mer enn an time

D Smerter hindrer meg i a sta i mer enn en halv time
l:‘ Smerter hindrer meg i 4 5ta i mer enn ti minutter

[ ] Smerter hindrar meg i 4 sta i det hale tatt
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7. Asowe

D Sevnen min forstyrras aldri av smerter

Sevnen min forstyrres av og til av smerter

Pa grunn av smerter far jag mindra enn seks timars
savn

Pa grunn av smerter far jag mindre enn fire timers sevn

Pa grunn av smerter far jag mindra enn to timers sevn

OO0

Smarter hindrer all sevn

Seksualliv

Seksuallivet mitt er normalt og fordrsaker ikke mer
smerter

Seksuallivet mitt 2r normalt, man forarsakar nos mer
smerter

Seksuallivet mitt er normalt, men svaert smertafullt
Seksuallivet mitt ar sveert begrenset av smarter

Seksuallivet mitt er nesten borte pa grunn av smerter

oo g e

Smerter forhindrer alt seksualliv

Sosialt liv fomgang med venner og kjente)
Dt sosiale livet mitt er normalt og forarsaker ikka mer
smerter

Diet sosiale livet mitt er normalt, men oker graden av
smerter

Smerter har ingen betydelig innvirkning pa mitt sosiale
liv, bortsett fra at de begrenser mine mer fysisk aktive
sider, Som sport osv.

Smerter har begrenset mitt sosiale liv, og jeqg gar ikke 53
ofte ut

Smerter har begrenset mitt sosiale liv til hjammet

I O I I

Pa grunn av smerter har jeg ikke noe sosialt liv

. A reise

-
=

Jag kan reise hvor som helst uten smerter
Jeg kan reise hvor som helst, men det gir mer smerter
Smertene er ille, men jeg klarer reiser pa to timer

Smerter begrenser meg til korte reiser pa under en time

Smerter begrenser meg til korte, nedvendige reiser pa
under 20 minutter

O OO

Smerter forhindrer mag fra a reise, unntatt for a fa
behandling

Beskrivelse av helsetilstand (EQ-5D)

Wis hvilke utsagn som passer best pa din helsetilstand i
dag ved & sette kun ett kryss i en av rutene for hvert punkt
nedenfor.

1. Gange
l:' Jeg har ingen problemer med a ga omkring

l:' Jeg har litt problemer med 4 ga omkring

l:' Jeg er sengeliggende

2. Personlig stell

I:' Jag haringen problemer mead personlig stell

|:| Jeg har litt problemer med & vaske meg eller kle mag

l:' Jeqg er ute av stand til & vaske meg eller kle meg

3. Vanlige gjeremal mas

[
[

I:' Jeq er ute av stand til & utfare mine vanlige gjoremal

husartad, fami- slor

Jeg haringen problemer med & utfore mine vanlige
gjeremnal

Jeg har litt problemer med & utfore mine vanlige
gjeremal

4. Smerte og ubehag
|:| Jeqg har hwverken smerta eller ubzhag

l:' Jeg har moderat smerte eller ubehag
El Jeqg har sterk smerte eller ubehag

5. Angst og depresjon

I:' Jeq er hverken engstelig eller deprimert
I:l Jeq er noe engstelig eller deprimart

l:' Jeqg ar swzert engstelig eller deprimert

Smertestillende medisiner

Bruker du smertastillende medisiner pa grunn av dine
rygg- og/eller beinsmearter?

[1e [
Hvis du har svart ja: Hvor ofte bruker du smertestillende
medisiner? {Sett kun et kryss)

l:' Sjeldnere enn hver manad
I:' Hver manad

I:l Hver uke

[ ] agig

|:| Flera ganger daglig
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Helsetilstand
For at du skal kunne vise oss hvor god eller darlig din
helsatilstand er, har vi laget en skala (nesten som et termo-
meter), vor den beste halsatilstanden du kan tenke deg er
markart med 100 og den darligsta med 0.
Vi ber om at du viser din helsetilstand ved a trekke ei linje fra
boksen nedenfor til det punkt pa skalaen som passer best
med din helsatilstand.
Best tenkelige
hebetistand
100
]
80
70
60
Navaerende
helsetilstand 50
40
30
20
10
0
Vierst tenkefige
helesilstand

Symptomvarighet

Varighet av ndvaerende rygg-/hoftesmerter(satt kun att kryss):
Jeg har ingen rygg-‘hoftesmerter

|:| Mindre enn 3 maneder

[] 2t 12 maneder

[] 1iza

|:| Merenn 2 ar

Warighet av ndvaerende utstrdlende smerter:
|:| Jeg har ingen utstralende smerter
|:| Mindre enn 3 maneder

[] 3ti112 maneder

[] 1uizar

|:| Merenn 2 ar

Varighet sykemelding/attfering/
rehabilitering pga aktuelle plager

DI:D {uker)

Arbeidsstatus

[ ] 1arbeid

l:‘ Hjemmevaeranda, uennst

[

[] Delvis sykemeldt

Aktivt sykemeldt

l:' Student/skoleelev L __ % sykemeldt

[
]

[ ] Aiderspansjonist Attforing/rehabilitering
[] Arbaidsledig

[ ] sykemeldt

Ufaratrygdet

% ufaretrygdet

Har du sekt om uferetrygd?

(Sett kun ett kryss)
[] %=
[] MNei
[[] Planlegger a sake

D Er allereda innvilget

Har du sekt om erstatning fra forsikringsselskap aller folket-

rygden (eventuelt yrkesskadeerstatning)?

(Sett kun ett kryss)

|:| Planlegger 4 soke

D Er allereda innvilget
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11.6 Appendix 6

NORspine form, surgeon-completed, after surgery.

SKJEMA 2A:

SYKEP LEIER/LEGEDPPLYSNINGER PREOPERATIVT

(Fylles ut av lege samuidiyg med operasionsbaskrivelsen

o suppleres evt ved utitrivelse ller ved innrappartesing)

Registreringsskjema for pasienter
Som opereres i ryggen

Operasjonsdato

Pylhies 1) Dag Mdned Ar

Drato for utfylling : |_ I-

T
o
L1

; sk}elen_t.\,l;temet“
i Kmknmloglsl?‘sﬁtdom [ Diabetes Mellitus®

Annet, spesifiser_

Tidligere ryggoparen?
7 Ja, samme nivd [ Ja, annet nivd [ Nel

= Pasienten har vaert operert | ganger tidligere i L5-kolumna

Andre relevante sykdommer, skader eller plager

L Nei
Ja, spesifiser:
Reumatoid artritt = | Hjerte eller karsykdom™
Mb. Bechterew Waskulwr Claudicatiov
i v
Annen reurmatisk sykdom Kronisk lungesykdom

w

Ll

|
Hofte-eller kneartrose « || Kreftsykdom
Depresjon/Angst  » || Osteoporose *

Kroniske smerter | muskel- [ Hiyperteniors

Cerebrovaskulzr sykdom™ [ | Annen endokrin sykdom
e

for Ryggkirurgi & w/
Degenarakiv rygg Ft‘/,ﬂ E.

F-post: ryggreqisteretaunn.ng .
Hjemmeside-wiw ryggregisteretng . 1108 - Versjord 2

Nasjonalt
Kvalitetsregister

Operasjonsindi an (Sette

[} Smerter [ Ryog-fhoftesmerter
| Bensmerter
] Begpe daler

| Parese, Grad (0-5): ... Se eventuelt rettledning

[ Cauda equina syndrom
[ Anmetspesifiser_ ...

Ved tidlig recperasion (innen 90 dager), drsak: (Kun ett kryss)

LI/ Becidi pralapa [ Overfladisk infeksjon

] | Postoperativ
o spondylalisthese

[ Hematom Lesning/feilplassering av

* osteosyntesemateriale
|| Dyp infeksjon

| Annet, spesifiser

1.
O

I
O

Undersakelse
a | Diagnostisk blokade
MR . Rantgen LS-columna
Radikulograh __ Med fleksjon/ekstensjon
Diskograf
. Funn
| Mormal Ll "] dstmisk spandylolistese
| Skiveprolaps - | Degenerativ spondylolistese |
Sentral spinalstenose « || Degenerativ skoliose
Lateral spinalstenose | [ ] Synovial syste
Foraminal stenose ["] Pseudomeningocele -

Degenerativ rygg/skivedegenerasjon |

Annet, spesifiser______

Iperasjonskategor

[TEtektly [ ] dyenlikkelig nielp [ | % eyeblikkelig hstp

Dagkirurgi (ingen degnopphold pa avdelingan)

Ingen organisk, fysiologisk, biokjemisk eller psykisk
I forstyrrelse. Den aktuelle lidelsen er lokalisert og gir
ikke generelle systemforstyrelser

Moderat sykdom eller forstyrrelse som ikke fordrsaker
funksjonclle begrensninger

— Alvorlig sykdam eller farstyrralse som gir definerte
funksjonelle begrensninger

Livstruende organisk sykdom som ikke behaver

& vaere knyttet til den aktuelle kirurgiske lidelse
eller som ikke bedres ved det planlagte kirurgiske
inngrepet

Doeende pasient som ikke forventes & overleve 24
timer uten kirurgi

VS A WA X B~ BT
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Jperasjonsmetoc

Har operateren brukt mikroskop eller lupebriller?

[Jda [INel
Prolapsekstirpasjon?
Mei

LI Ja, med temming av skive (diskektami)

Ja, uten temming av skive
Kirurgisk dekompresjon

Dekompresjon Unilateral
med bevaring av

midtlinjestrukturer

[ Bilateral med unilateral tilgang

Bilateral med bilateral tilgang

|| Laminektoml
[ Fasettektomnii ett eller flere nivaer [] Unilateral
[] Bilateral

Andre operasjonsmetoder

[ Endoskop [] Nukleus implantat

] MIHIma'in\?SIVprUWd}HE ] Nukleutomi
[tube kirurgi)

[ i i

L] IEkSpal'ldE.‘fEﬂdEll'l'[ElSplﬂEJSE Kjemontkieclyse
Implantat

— Flerning avekspanderende | 1 Revisjon av

interspinast implantat osieosyniesematerialet
Fjerning av

osteosyntesemateriale

[ Skiveprotese

Annet, spesifiser

Midtlinje
| Lateral tilgang (Wiltze)

| Posterolateral fusjon | Instrumentell
_| Bengraft
L ALIF 1 Bur(cage)
| Benblokk | skiverom
PLIF | Bur (cage)
] Kun benblokk
[ TurF ["] Bur(cage)

] Kun benblakk

Annet, spesifiser_

[] Autograft

|| Bensubstitutt
[T Bank-ben

90

|| Fremre ||

Operert nivd og slde (Sett eventuelt flere kryss)

] L34 1 Ho, O
L5 | Ho [
] Ls#sy 1 Ha. O

Opr, start _lk I
Opr, shtt L] |
Eut, samler keivtid (kalkulberes | i"i ;
arucmatisk), I Lk

[tirmer/min)
[tirnet/mink

[tlrnersmind

ve komplikasjoner:
DurariftAlguorlekasje
Nerverotskade
Operert pa feil nivd/side
Feil plassering av implantat
Transfusjonskrevende paroperativ bladning
Resplratoniske komplikasjoner
Kardiovaskulaere komplikagiore

Anahdaktisk reaksjon

Annet, spesifiser

| Cardiogen Arsak

| Lumgeembali
Pneumeni

Annen infeksjon
Anafylakst
Cerabrovaskulaer Srsak
| Bledning

'Annet.sp‘cslﬁser -




11.7 Appendix 7

NORspine 3 months follow-up form, patient-completed.

Pas. id

[[TTTTTIT]]m

SK|EMA B1
Masjonalt Kvalitetsregister for Ryggkirurgi
Nasjonalt

Kvalitetsregister Senter for Klinisk Dokumentasjon

og Evaluering - Helse Nord RHF

for quqklrurql

E-post: ryggregisteret@unn.no
Hjemmeside: www.ryggregisteret.no

Sperreskjema for pasienter 3 maneder etter ryggoperasjon V3.0

Formalet med dette sporreskjemaet er 4 gi leger, sykepleiere og fysioterapeuter bedre forstaelse av ryggpasienters
plager og 4 vurdere effekter av behandling. Din utfylling av skjemaet vil vaere til stor nytte for 4 kunne gi et best mulig

Dato for utfylling |

behandlingstilbud til ryggpasienter i fremtiden.
‘ | | | Komplikasjoner etter inngrepet? (Sett evt. flere kryss)

| [[] Oepstod det uventet bledning som medfarte

Dag Mined blodoverfaring eller ny operasjon?

[[] Ble du behandlet med antibiotika for urinveisinfeksjon

i lopet av de nrmeste 4 ukene etter operasjonen?

Ble du behandlet med antibiotika for lungebetennelse

i lopet av de nrmeste 4 ukene etter operasjonen?

Har du i lepet av 3 maneder etter operasjonen, fatt

diagnose "dyp venetrombose” (blodpropp i benet) og

blitt behandlet for dette?

Har du i lepet av 3 maneder etter operasjonen, fatt

diagnose lungeembali (blodpropp i lungen) og blitt

behandlet for dette?

Ble du behandlet med antibiotika for overfladisk

infeksjon i operasjonsséret i lopet av de forste 4

[ jeg er litt verre ukene etter operasjonen?

0 [[] Har du blitt eller blir du behandlet i over & uker med
Jeg er mye verre antibiotika for dyp infeksjon i operasjonssaret?

[] Jeg er verre enn noen gang far Har du etter ryggoperasjonen fitt nye sykdommer eller
skader?

Hvor forneyd er du med behandlingen du har fatt pa .
sykehuset? L Nei L)

Hvilken nytte mener du at du har hatt av operasjonen

(som er angitt i felgebrevet)?
(Sett kun ettkryss)
[ Jeg er helt bra

[] Jeg er mye bedre
[] Jeg er litt bedre

[] ingen forandring

O 0 00O

Huvis ja, hvilke typer sykdommer og skader er dette?
(Sett kun ettkryss) (Sett evt. fere kryss)

[ Forneyd
[ Litt fornoyd

Leddsmerter(for eksempel artrose)
Kreftsykdom
Hjerte karsykdom

[] Hverken forneyd eller misfarnayd Annen sykdom i nervesystemet

[ Litt misforneyd
[] Misfornayd

Skade med folgetilstand

oooooo

Annen vesentlig sykdom

Hvor sterke smerter har du hatt siste uke?

Hvordan vil du gradere smertene du har hatt i WﬂﬂEI lopet av den siste uken? Sett kryss ved ett tall.

1] 1 2 3 4 & 7 8 9 10
O oo o a |:| O oo aoaga
Ingen smerter Sa vondt som det garan 4 ha

Hvordan vil du gradere smertene du har hatt i I benet [ett eller begge] i lopet av den SIStE uken? Sett kryss ved ett tall.

DDDDDDDDDDD

Ingen smerter S& vondt som det garan & ha

5205
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Funksjonsscore (Oswestry)

Disse sparsmalene er utarbeidet for 4 gi oss informasjon
om hvordan dine smerter har pavirket dine muligheter til 4
klare dagliglivet ditt. Viaer s snill & besvare spersmalene ved
a sette kryss (kun ettkryss for hvert avsnitt) i de rutene som
passer best for deg.

s [TTTTTTT]]]H

5. Asitte

1. Smerte

[ Jeg har ingen smerter for ayeblikket

D Smertene er veldig svake for eyeblikket

[[] smertene er moderate for ayeblikket

[[] Smertene er temmelig sterke for ayeblikket

[ smertene er veldig sterke for eyeblikket

[[] Smertene er det verste jeg kan tenke meg for ayeblikket

[ Jeg kan sitte sa lenge jeg vil i en hvilken som helst stol
[ Jeg kan sitte sa lenge jeg vil i min favorittstol

D Smerter hindrer meg i 4 sitte mer enn en time

] smerter hindrer meg i 4 sitte mer enn en halv time
[[] Smerter hindrer meg i 4 sitte mer enn ti minutter

[] smerter hindrer meg i 4 sitte i det hele tatt

2. Personlig stell

6. Asta

D Jeg kan stelle meg selv pa valig mite uten at det
forérsaker ekstra smerter

[ Jeg kan stelle meg selv pa vanlig mate, men det er
veldig smertefullt

[ et er smertefullt 4 stelle seg selv, og jeg gjor det
langsomt og forsiktig

[ Jeg trenger noe hjelp, men klarer det meste av mitt
personlige stell

[ jeg trenger hjelp hver dag til det meste av eget stell

D Jeg kler ikke pa meg, har vanskeligheter med 4 vaske
meg og holder sengen

[] Jeg kan sta sa lenge jeg vil uten & fa mer smerter
[ Jeg kan sta sa lenge jeg vil, men far mer smerter

[[] Smerter hindrer meg i & sti mer enn en time

[[] smerter hindrer meg i 4 sta mer enn en halv time
] smerter hindrer meg i & sta mer enn ti minutter

[[] Smerter hindrer meg i 4 sta i det hele tatt

3. Alofte

7. Asove

[ Jeg kan lofte tunge ting uten 4 f4 mer smerter
[ Jeg kan lefte tunge ting, men far smerter

[ smertene hindrer meg i 4 lofte tunge ting opp fra gulvet,
men jeg greier det hvis det som skal loftes er gunstig
plassert, for eksempel pa et bord

[[] Smertene hindrer meg i 4 lofte tunge ting, men jeg klare
lette og middels tunge ting, hvis det er gunstig plassert

[ Jeg kan bare lofte noe som er veldig lett

1 jeg kan ikke lofte eller baere noe i det hele tatt

[ sevnen min forstyrres aldri av smerter

[ sevnen min forstyrres av og til av smerter

[[] Pa grunn av smerter far jeg mindre enn seks timers sovn
[ Pa grunn av smerter far jeg mindre en fire timers sovn
[] Pa grunn av smerter far jeg mindre enn to timers sovn

[ smerter hindre all sgvn

8. Seksualliv

4. Agé

[ smerter hindrer meg ikke i 4 ga i det hele tatt
[ smerter hindrer meg i 4 ga mer enn 1 % km
[ smerter hindrer meg i 4 ga merenn 3% km
[] smeter hindrer meg i 4 ga mer enn 100 m
[ Jeg kan bare ga med stokk eller krykker

[ Jeg ligger for det meste i sengen, og jeg m4 krabbe til
toalettet

[ seksuallivet mitt er normalt og forarsaker ikke mer
smerter

[ seksuallivet mitt er normalt, men forarsaker noe mer
smerter
[ seksuallivet mitt er normalt, men svaert smertefult

[ seksuallivet mitt er sveert begrenset av smerter

[[] Seksuallivet mitt er nesten borte pa grunn av smerter

] smerter forhindrer alt seksualliv 5205
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|

(f.eks. arbeid, studier, husarbeid,

. 9. Sosialt liv (omgang med venner og kjente) Pas. id | | | | | |

[[] Det sosiale livet mitt er normalt og forarsaker ikke mer .
3. Vanlige gjeremal

smerter familie- eller fritidsaktiviteter)
D Det sosiale livet mitt er normalt, men eker graden av |:| Jeg har ingen problemer med 4 utfere mine vanlige
smerter gjoremal

har litt probl d 4 utfe i li
[[] Smerter har ingen betydelig innvirkning pa mitt sosiale (] Jeg har litt problemer med & utfore mine vanlige

liv, bortsett fra at de begrenser mine mer fysiske gioremal
aktive sider, som sport osv. [ Jeg har middels store problemer med & utfare mine
[[] Smerter har begrenset mitt sosiale liv, og jeg gr ikke gjoremal
sd ofte ut ] Jeg har store problemer med 4 utfere mine vanlige
gjoremal

[[] Smerter har begrenset mitt sosiale liv til hjemmet
[ Jeg er ute av stand til 4 utfore mine vanlige gjaremal

[ pa grunn av smerter har jeg ikke noe sosialt liv 4. Smerte og ubehag

10. Areise [ Jeg har verken smerter eller ubehag

El Jeg kan reise hvor som helst uten smerter )
[ Jeg har litt smerter eller ubehag

[ Jeg kan reise hvor som helst, men det gir mer smerter [] Jeg har middels sterke smerter eller ubehag

D Smertene er ille, men jeg klarer reiser pa to timer |:| Jeg har sterke smerter eller ubehag

(] smerter begrenser meg til korte reiser pa under en time [ Jeg har svart sterke smerter eller ubehag

(] smerter begrenser meg til korte, nadvendige reiser pa 5. Angst og depresjon
under 30 minutter

[[] Smerter forhindrer meg fra 4 reise, unntatt for 4 fa [ Jeg er verken engstelig eller deprimert
behandling

[ Jeg er litt engstelig eller deprimert
Beskrivelse av helsetilstand (EQ-5D)

iddel telig eller deprimert
Vis hvilke utsagn som passer best pa din (] Jeg er middels engstelig eller deprime

helsetilstand i dag ved & sette kuwn eft kryss i en av

rutene for hvert punkt nedenfor. [ Jeg er svaert engstelig eller deprimert

1. Gange [ Jeg er ekstremt engstelig eller deprimert

[[] Jeg har ingen problemer med & ga amkring
. . Smertestillende medisiner
[[] Jeg har litt problemer med 4 ga omkring
Bruker du smertestillende medisiner p& grunn av dine
rygg- og/eller beinsmerter?

[[] Jeg har middels store problemer med 4 g4 omkring

|:| Jeg har store problemer med 4 g4 omkring D Ja |:] Nei

[J Jeg er ute av stand til 4 ga omkring Hvis du har svart ja: Hvor ofte bruker du
smertestillende medisiner? (Sett kwn eft kryss)

2. Personlig stell [] sieldnere enn hver maned

[ Jeg har ingen problemer med 4 vaske meg eller kle meg [] Hver maned
[[] Jeg har litt problemer med 4 vaske meg eller kle meg [ Hver uke
[[] Jeg har middels store problemer med 4 vaske meg eller [ paglig

kle meg
[[] Jeg har store problemer med & vaske meg eller kle meg [ Flere ganger daglig

[ Jeg er ute av stand til 4 vaske meg eller kle meg 5205
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N IR -]

Vi vil gjerne vite hvor god eller darlig helsen din er | DAG.
+ Denne skalaen er nummerert fra o til 100

Arbeidsstatus

+ 100 betyr den beste helsen du kan tenke deg. -
+ 0 betyr den darligste helsen du kan tenke deg. [ Fultidsjobb [ Sykemeldt
« Sett et X pa skalane for 4 angi hvordan helsen diner |
DAG. I:I Deltidsjobb I:I Delvis sykemeldt
« Skriv deretter tallet du merket av p4 skalaen inn i boksen
nedenfor. [ student/skoleelev D] 9% sykemeldt
Den beste helsen
du kan tenke deg [] Alderspensjonist [[] Arbeidsavklaringspenger
- 100 . )
i [] Arbeidsledig [] Uferetrygdet
- evt. ‘:I:l % uferetrygdet
J90

- Feler du at din arbeidsgiver ensker deg tilbake i jobb?

1s0 [J)a [ONei  []Vetikke

Har du sekt om uferetrygd?

170 Oia (Sett kun ettkryss)

_ [ Nei

E [[] Planlegger & soke

<4 60

7 [ Er allerede innvilget

: Har du sekt om erstatning fra forsikringsselskap eller
Helsen din i dag = Dj] 450 folketrygden (eventuelt yrkesskadeerstatning)?

| O (Sett kur ett kryss)

— N 1

140 [ Nei

[] Planlegger & soke

[ er allerede innvilget

Har du vart operert i ryggen etter ryggoperasjonen?
(Dato angitt pa forsiden)

a0 COnei

’ Huis ja, skriv antall operasjoner: D]

Huis ja, ble du operert i samme omrade («etasje», niva)
J10 i ryggen?(Sett kun ett kryss)

1 D]a. samme omrade

TR . |
tad
=

i [[] Nei, i annet omrade
40

[J1 samme og annet omrade

Den darligste helsen .
du kan tenke deg D Vet ikke
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11.8 Appendix 8

NORspine 12 months follow-up form, patient-completed.

Pas. id

Nasjonalt
Kvalitetsregister

for Ryggkirurgi

Degenerativ rygg

Formalet med dette sperreskjernaet er & gi leger, sykepleiere og fysioterapeuter bedre forstielse av ryggpasienters
plager og a vurdere effekter av behandling. Din utfylling av skjemaet vil vaere til stor nytte for 2 kunne gi et best mulig
behandlingstilbud til ryggpasienter i fremtiden.

Sperreskjemaet har fem deler. Farste del omhandler dine smerter og plager. De neste delene bestar av tre ulike sett
spersmal for maling av din ndvarende helse. Det forste av disse (kalt Oswestry-skare) maler hvordan ryggplagena
pavirker dine dagligdagse gjeremal. Det andre (kalt EQ-5D) maler din helserelaterte livskvalitet, mens den neste er en
skala der du skal merke av hvor god aller darlig din helsatilstand er.

Vi gnsker ogsa informasjon om eventuelle komplikasjoner som kan knyttes til inngrepet, samt trygd- og arbeidsstatus.

Dag Maned Ar

Dato for utfylling ‘

sykehuset?

(Sett kur et kryss)
(Sett kurr att kryss)

[] Forneyd

[] Litt forneyd

[ Jeg er helt bra
[ Jeg er mye bedre

[ Jeg er it badre

[] ingen farandring

[] Hverken fornayd eller misforneyd

[ uitt misfornayd
[] Jeg er litt werre
[ misforneyd
[ Jeg er myeverre

[ Jeg er verre enn noen gang far

Hvor sterke smerter har du hatt siste uke?

Hvordan vil du gradere smertene du har hatt i ryggln'hc}fte i Iﬁpet av den siste uken? Sett kryss ved ett tall.

0 1 2 3 7 8 9 10
O o o o D O EI o o o o
Ingen smerter Savondt som det gar an a ha

Hvordan vil du gradere smertene du har hatt i | benet [arr eller begge] i lapet av den siste uken? Sett kryss ved att tall.

1 2 3 [ 8 9 10
IZI o 0O o IZ| O O D o o d
Ingen smerter 5avondt som det gar an a ha

7348
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Funksjonsscore (Os westry)

Disse sparsmalene er utarbeidet for a gi oss informasjon
om hvordan dine smerer har pavirket dine muligheter til &
klare dagliglivet ditt. Var sa snill a besvare spgrsmalene ved
4 sette kryss (kwn ettkryss for hvert avsnitt) i de rutene som
passer best for deg.

Pas. id

5. Asitte

1. Smerte

[ Jeg har ingen smerter for ayeblikket

[[] smertene er veldig svake for yeblikket

|:| Smertene er moderate for eyeblikket

[] smertene er temmelig sterke for ayeblikket
[] smertene er veldig sterke for ayeblikket

[[] smertene er det verste jeg kan tenke meg for gyeblikket

[]Jeg kan sitte s& lenge jeg vil i en hvilken som helst stal
[] Jeg kan sitte s& lenge jeg vil i min favorittstol

[] Smerter hindrer meg i 4 sitte mer enn en time

[ smerter hindrer meg i 4 sitte mer enn en halv time
[ smerter hindrer meg i 4 sitte mer enn ti minutter

[] smerter hindrer meg i & sitte i det hele tatt

2. Personlig stell

6. Asta

[C]Jeg kan stelle meg selv pa valig mate uten at det
forarsaker ekstra smerter

[])eg kan stelle meg selv pa vanlig mate, men det er
veldig smertefullt

[[] et er smertefullt 4 stelle seg selv, og jeg gjer det
langsomt og forsiktig

[] Jeg trenger noe hjelp, men kiarer det meste av mitt
personlige stell

| Jeg trenger hjelp hver dag til det meste av eget stell

|:| Jeg kler ikke pa meg, har vanskeligheter med avaske
meg og holder sengen

|:| Jeg kan sta sa lenge jeg vil uten & fa mer smerter
|:| Jeg kan sta sa lenge jeg vil, men far mer smerter

|:| Smerter hindrer meg i 4 sta mer enn en time

|:| Smerter hindrer meg i a sta mer enn en halv time
[] smerter hindrer meg i 4 sta mer enn ti minutter

[] Smerter hindrer meg i 4 sta i det hele tatt

3. Alefte

7. Asove

[1)eg kan lgfte tunge ting uten & fa mer smerter
[1)eg kan lofte tunge ting, men far smerter

[[] sSmenene hindrer meg i 4 lofte tunge ting opp fra guivet,
men jeg greier det hvis det som skal leftes er gunstig
plassert, for eksempel pa et bord

[[] Smertene hindrer meg i 4 lofte tunge ting, men jeg klarer)
lette og middels tunge ting, hvis det er gunstig plassert

|:|]eg kan bare lafte noe som er veldig lett

[])eg kan ikke lafte eller bzre noe i det hele tatt

[] sevnen min forstyrres aldri av smerter

[[] sevnen min forstyrres av og til av smerter

[] Pa grunn av smerter far jeg mindre enn seks timers sgvn
[] Pa grunn av smerter far jeg mindre en fire timers sgvn
[] Pa grunn av smerter far jeg mindre enn to timers sevn

[[] smerter hindre all sevn

8. Seksualliv

4. Aga

|:| Smerter hindrer meg ikke i a ga i det hele tatt
[ smerer hindrer meg i a ga mer enn 1} km
[] Smerter hindrer meg i 4 g4 merenn ¥ km
|:| Smeter hindrer meg i 3 ga mer enn 100 m
|:| Jeg kan bare ga med stokk eller krykker

[1)eg ligger for det meste i sengen, og jeg ma krabbe til
toalettet

[ seksuallivet mitt er normalt og forarsaker ikke mer
smerter

|:| Seksuallivet mitt er normalt, men fordrsaker noe mer
smerter
[[] seksuallivet mitt er normalt, men svart smertefult

[[] Seksuallivet mitt er sven begrenset av smerter

|:| Seksuallivet mitt er nesten borte pa grunn av smerter

7348
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|:| Smerter forhindrer alt seksualliv
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. 9. Sosialt liv (omgang med venner og kjente)

Pas. id .

(] Det sosiale livet mitt er normalt og forarsaker ikke mer
smerter

|:| Det sosiale livet mitt er normalt, men gker graden av
smerter

|:| Smerter har ingen betydelig innvirkning pa mitt sosiale
liv, bortsett fra at de begrenser mine mer fysiske

aktive sider, som sport osv.
[[] smerter har begrenset mitt sosiale liv, og jeg gar ikke
54 ofte ut

[[] Smerter har begrenset mitt sosiale liv til hjermet

[] P4 grunn av smerter har jeg ikke noe sosialt liv

10. Areise

|:| Jeg kan reise hvor som helst uten smerter

[[] Jeg kan reise hvor som helst, men det gir mer smerter
[[] smertene er ille, men jeg klarer reiser pa to timer

[[] smerter begrenser meg til korte reiser pa under en time

D Smerter begrenser meg til korte, nadvendige reiser pa
under 30 minutter

[[] smerter fornindrer meg fra & reise, unntatt for 4 fa
behandling

Vis hvilke utsagn som passer best pa din
helsetilstand | dag ved a sette kuw it kryss i en av
rutene for hvert punkt nedenfor.

1. Gange

[T Jeg har ingen problemer med 4 ga omkring
D Jeg har litt problemer med a ga omkring

[ Jeg er sengeliggende

2. Personlig stell

|:| Jeg har ingen problemer med personlig stell
[] Jeg har litt problemer med 4 vaske meg eller kle meg

|:| Jeg er ute av stand til a vaske meg eller kle meg

3. Vanlige gjsremal

O Jeg har ingen problemer med & utfare mine vanlige
gjeremal

1 Jeg har litt problemer med a utfere mine vanlige
gjeremal

4. Smerte og ubehag

[ Jeg har hverken smerte eller ubehag
D Jeg har moderat smerte eller ubehag

[ Jeg har sterk smerte eller ubehag

5. Angst og depresjon

|:| Jeg er hverken engstelig eller deprimert
[] Jeg er noe engstelig eller deprimert

[1)eg er svan engstelig eller depriment

Smertestillende medisiner

Bruker du smertestillende medisiner pa grunn av dine
rygg- og/eller beinsmerter?

Clia [ Mei

Hvis du har svart ja: Hvor ofte bruker du
smertestillende medisiner? (Sett kun et kryss)

[ sjeldnere enn hver maned
[C] Hver maned

[] Hver uke

[] Daglig

[ Flere ganger daglig

[ 1 arbeid [ Aktiv sykemeldt
[] Hjemmevazrende (uomme) [ ] Delvis sykemeldt

|:|:| % sykemeldt

[] student/skoleelev

[] Alderspensjonist [[] Anfering/rehabilitering
[ Arbedisledig [ Uferetrygdet
|:| Sykemeldt evt. Dj % ufaretrygdet

. [ Jeg er ute av stand til 4 utfare mine vanlige gjoremal
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. Helsetlistand Pas. id .
For at du skal kunne vise oss hvor god eller darlig din
helsetilstand er, har vi laget en skala (nesten som et e

termometer), hvor den beste helsetilstanden du kan | | | | |

tenke deg er markert med 100 og den darligste med o.

Hvis ja, angi dato |

Vi ber om at du viser din helsetilstand ved a trekke ei Dag Maned Ar
linje fra boksen nedenfor til det punkt p4 skalaen som ) _
passer best med din helsetilstand. Varighet av sykemelding etter I:I:Ij (uker)
operasjon
Best tenkelige

helsetilstand Komplikasjoner til Inngrepet? (Sett evt. flere kryss)
- 100

| Oppsto det uventet bladning som medfarte blod-
overfaring eller ny operasjon?

| [[] Ble du behandlet med antibiotika for
{90 en urinveisinfeksjon i lepet av de nermeste 4 ukene
- etter operasjonen?

- |:| Ble du behandlet med antibiotika for en
- lungebetennelse i lopet av de nermeste 4 ukene
-|80 etter operasjonen?

[ Har du i lepet av 3 maneder etter operasjonen,
| fatt diagnosen "dyp vene trombose” (blodpropp i
- benet) og vaert behandlet for dette?

[C] Har du i lopet av 3 maneder etter operasjonen, fatt
diagnosen lungeemboli (blodpropp i lungen) og blitt
behandlet for dette?

o [[] Ble du behandlet med antibiotika for en overfladisk

n infeksjon i operasjonssaret i lopet av de farste 4

ukene etter operasjonen?

- [ Har du blitt eller blir du behandlet | over & uker

Navaerende - med antibiotika for dyp infeksjon i operasjonssaret?

helsetilstand -0
- |:| Har du opplevd nytilkommet svakhet/lammelse
- i fot eller ben som kan tilskrives operasjonen?
Jao , .
| [ Har du som felge av operasjonen utviklet problemer
- med ufrivillig vannlating eller avfaring?
-|30 Har du sekt om ufiretrygd?
i )a {Sett kun ett kryss)
N [ nei
i [] Planlegger 4 seke
_ [ Er allerede innvilget
-[10
- Har du seki om erstatning fra forsikringsselskap eller
i folketrygden (eventuelt yrkesskadeerstatning)?
o [d)a (Sett kun ef kryss)
Verst tenkelige D Nei

hefsetilstand I:‘ Planlegger a spke

7348

. D Er allerede innvilget E .
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Abstract

Purpose Data quality is essential for all types of research, including health registers. However, data quality is rarely reported.
We aimed to assess the accuracy of data in a national spine register (NORspine) and its agreement with corresponding data
in electronic patient records (EPR).

Methods We compared data in NORspine registry against data in (EPR) for 474 patients operated for spinal stenosis in
2015 and 2016 at four public hospitals, using EPR as the gold standard. We assessed accuracy using the proportion correctly
classified (PCC) and sensitivity. Agreement was quantified using Kappa statistics or interaclass correlation coefficient (ICC).
Results The mean age (SD) was 66 (11) years, and 54% were females. Compared to EPR, surgeon-reported perioperative
complications displayed weak agreement (kappa (95% CI)=0.51 (0.33-0.69)), PCC of 96%, and a sensitivity (95% CI) of
40% (23-58%). ASA classification had a moderate agreement (kappa (95%CI)= 0.73 (0.66-0.80)). Comorbidities were
underreported in NORspine. Perioperative details had strong to excellent agreements (kappa (95% CI) ranging from 0.76
{ 0.68-0.84) to 0.98 (0.95-1.00)), PCCs between 93% and 99% and sensitivities (95% CI) between 92% (0.84-1.00%) and
99% (0.98--1.00%). Patient-reported variables (height, weight, smoking) had excellent agreements (kappa (95% CI) between
0.93 (0.89-0.97) and 0.99 (0.98-0.99)).

Conclusion Compared to electronic patient records, NORspine displayed weak agreement for perioperative complications,
moderate agreement for ASA classification, strong agreement for perioperative details, and excellent agreement for height,
weight, and smoking. NORspine underreported perioperative complications and comorbidities when compared to EPRs.
Patient-recorded data were more accurate and should be preferred when available.

Keywords Validation - Accuracy - Agreement - Registry - Lumbar spinal stenosis

Introduction

In clinical research, it is crucial to guestion how true and
accurate data are; however, data validity and accuracy
assessments are rarely published explicitly. National medical
registries collect large-scale data during the dynamic work-
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flow of daily clinical practice and have become essential
sources of evidence-based medicine and health care policies.
Register-based studies reflect everyday practice and have
high external validity, and complement randomized control
trials (RCTs) that assess smaller populations with lower
external validity. Register data are collected and recorded
by healthcare personnel, and not by dedicated research
assistants. Therefore, it is essential to periodically assess
the quality of register data reported by healthcare personnel
and patients by validating it against other sources of data
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[1-3]. Because systematic errors can lead to bias, register
validations may impact the robustness of medical and politi-
cal conclusions based on register data. The literature on the
validity of medical register data is sparse. Some studies are
reporting good validity of medical and cancer registries
[4-6]. However, a recent validation study of a German spine
registry (DWG) showed high inaccuracy [7] and the authors
recommended against using these register data.

Our study aimed to assess the accuracy and agreement of
NORspine data by comparing it to electronic patient records
(EPR). Such information can aid in identifying pitfalls and
conceptual problems related to data collection, not only
relevant for other spine registers but also others, routinely
recording clinical data.

Patients and methods

In this cross-sectional study. we reviewed electronic patient
records (EPRs) of patients operated for lumbar spinal ste-
nosis (LSS) who consented and responded to NORspine
between January 1, 2015, and December 31, 2016. The
authors were authorized to access data from four public
hospitals within one health region (South-Eastern Norway
Regional Health Authority) in Norway. To assess the repre-
sentativity of our sample, we compared the study population
to those treated at the remaining hospitals.

In Norway, all 39 hospitals (coverage = 100%) that offer
surgery for degenerative spinal disorders are obliged to
report data to NORspine. Seventy percent of all patients that
undergo elective spine surgery in Norway are included in
NORspine, and the proportion that responds one year after
surgery is seventy-four percent [8].

A NORspine data set consists of a preoperative form
completed by the patient at admission for surgery. This
form covers items related to sociodemographic and life-
style variables (e.g., smoking, height, and weight) and a
standard battery of questionnaires assessing pain and dis-
ability (Table 5). Immediately after completing surgery, and
optimally while still in the operating theater, the surgeon
completes a standardized form and reports clinical and radi-
ological diagnosis, relevant comorbidities, ASA classifica-
tion—usually as graded by the anesthetist, and details about
the surgery, e.g.. previous surgery, surgical access, surgical
methods, and level(s) operated. The surgeon also reports
perioperative complications by a predefined list (Table 6).

Patients report the clinical outcome at 3 and 12 months
after surgery as assessed by standard Patient-Reported Out-
come Measures (PROMs).

Electronic patient records (EPRs) consist of non-strue-
tured text documents (free text) recorded by DIPS® software
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within predetermined headings. We reviewed the EPRs
using a standard empty NORspine form, and the investi-
gators (OKA and SK) had no access to the corresponding
data previously recorded in the NORspine. The study group
selected a set of NORspine variables that could be recap-
tured from EPRs. Furthermore, we reviewed EPR documents
(e.g., admission and surgeon’s notes) at the same time point
as the time of surgery recorded in NORspine. We did not
assess variables that were not registered routinely or consist-
ently in EPRs, such as PROMs, symptom duration, marital
status, education level, mother tongue, and working capa-
bility. The clinical follow-up at the treating centers was not
standardized, and it was performed at different time points
at the hospitals without structural recording in EPR. Hence,
follow-up data (including reoperations) in NORspine were
not evaluated against EPRs in this study.

The EPRs of 22 patients were independently reviewed by
two raters (OA and SK) to estimate interobserver reliability.

We calculated concordance in terms of agreement when
comparing the structured NORspine data with EPR data; we
also calculated accuracy for dichotomous variables, using
EPR as the gold standard. We chose to report both accu-
racy and agreement because the use of certain EPR vari-
ables as a reference could be questioned (e.g., smoking and
comorbidity).

The NORspine form requires the surgeon to report rel-
evani comorbidities from a list, such as cardiovascular dis-
ease, diabetes, and osteoarthritis. In the EPR, comorbidity
is recorded irrespective of its relevance to the planned spi-
nal surgery. Consequently, agreement and accuracy were not
evaluated for comorbidities. We only compared frequencies
of relevant comorbidities recorded in NORspine vs. the cor-
responding comorbidities recorded in EPRs. Furthermore,
we assessed the agreement for ASA classification between
the two data sources.

Statistical analyses

Baseline data were described using means (95%CI) (con-
tinuous data) and proportions (categorical data). Accuracy
was assessed by proportion correctly classified (PCC) and
sensitivity. Perioperative complications were categorized by
eight categories (Table 6). and the accuracy of complication
recording was assessed by class average accuracy (CAA)
using the micro-averaged method. Agreement between
NORspine and EPRs was assessed by Cohen's kappa (K)
or Fleiss weighted kappa (k) for categorical variables
(dichotomous and ordinal variables). (ASA classification
was analyzed as an ordinal variable, ranging from | to 5,
in the agreement analysis.) For continuous variables, we
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calculated the intraclass correlation coefficient (ICC) using
a two-way mixed model to assess absolute agreement [9].
We classified agreement (E-value) as minimal (0.21-0.39),
weik (0.40-0.59), moderate (0.60-0.79), strong (0.80-0.90),
and almost perfect (>0.90) [10]. Agreement according to
ICC (values) was classified as poor (<0.50), moderate
(0.50-0.75), strong (0.75-0.90), and excellent (< 0.90) [11].
Finally, we calculated the prevalence of missing values for
each variable. The results are presented as point estimates
with 95% confidence intervals (CI).

We used SPSS, version 26 (IBM Corp., Armonk, N.Y.,
USA) and STATA version 16 (StataCorp. 2019. Stata Statis-
tical Software: Release 16. College Station, TX: StataCorp
LLC.)

Ethical considerations

The Norwegian Regional Committee for medical and
health research ethics approved this study (reference no.
2007(2157)), as did the data protection officers at the four
hospitals. All patients had provided informed consent, and
the study was conducted in compliance with the Helsinki
declaration,

Results

NORspine recorded 3,843 patients operated for LSS during
2015 and 2016. The investigators were authorized to access
EPRs at four hospitals and reviewed the EPRs of 474 con-
secutive operated patients (12.3% of the NORspine popula-
tion). Mean age (95%CI) was 66 (65.3-67.2) years, and 254
(54%) were females. The total of missing data were 0.9% in
NORspine (completeness 99.1%) and 2.8% (completeness
97.2%) in EPRs (Table 7).

Patient characteristics, including data on the rest of the
NORspine patients operated for lumbar spinal stenosis, are
shown in Table 1. Our sample differed somewhat from the
rest of the NORspine population at baseline. The included
patients had more comorbidity, higher BMI, and higher dis-
ability (ODI) and pain scores (NRS = numeric rating scales)
for leg and back pain. In addition, the study population had
more smokers and had fewer perioperative complications
than the total spinal stenosis population registered in NOR-
spine (Table 1). For a sample of 22 patients, the interrater
reliability for the two authors that reviewed EPR variables
was almost perfect.

Table 1 Patient characteristics

and perioperative details of 474
NORspine patients operated for
spinal stenosis at four hospitals

compared to 3369 from the
remaining hospitals Age
Female

Civil status—single

ASA*® grade | and 2

Body mass index (BMI)
Smoking

Comorbidity, any

Previous spinal surgery, any
Preoperative ODI**
Preoperative NRS*## back pain
Freoperative NRS leg pain
Preoperative EQ-5D index **+#
Additional fusion

Perioperative complications
Missing data*****

NORspine data—4 hospitals NORspine data—

n=4T4 remaining hospitals
n=3369

Mean (95% CI) ar n (%) Mean (95% CI) or n (%)

66.3 (65.3-67.2) 65.7 (65.4-66.1)

254 (53.6%) 1743 (51.7%)

115 (24.3%) 899 (26.7%)

353 (74.5%) 2582 (T7.1%)

28.3(27.9-28.7) 27.7 (27.6-27.9)

111 (23.7%) 628 (18.8%)

336 (75.5%) 2208 (69.6%)

131 (27.8%) 866 (26.0%)

409 (15.9) 40.0 (15.4)

6.812.1) 6.5(2.2)

T002.1) 6.5(2.2)

0.332 (0.319) 0369 (0.323)

S1(10.8%) 355 (10.5%)

15 (3.2%) 184 (5.5%)

58 (0.9%) S515(1.1%)

*ASA: American society of anesthesiologists—classification of physical status (1-5)
*#*0DI: Oswestry Disability Index (0-100)

*##NRS Numeric rating scale (0-10)

*###¥EQ-5D: EuroQol five-dimensional index: guality of life (= 0.59-1.00), values under 0,00 are consid-

ered “worse than dead”

*#exd Appendix Table | shows that five variables missed some data (BMI, smoking, comorbidity (any),
previous spinal surgery (any), and surgical access.
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Table 2 Accuracy and agreement of NORspine data for 474 spinal stenosis patients compared to their electronic patient records

Variable (missing, n) Prevalence * n (%) Proportion correctly clas-  Sensitivity (95%CI) Kappa (95%CI)y**
sified, PCC (%)
Perioperative complications (11) 30 (6.4%) 96 405 (23-58) 051 (0.33-0.69)
Previous spinal surgery (14) 120 (26.1%5) 97 965 (92-99) 093 (0.89-0.97)
Additional fusion 51 (10.8%) 99 G4 (8E-100) (h93 (088099
Access, posterior midline (26) 414 (92.4%) 93 93% (91-96) 0019 (0.03-0.35)
Level L2-3 (14) T4 (16.1%) 99 99% (M6—100) 098 (0.95-1.00)
Level L3-4 (13) 193 (41 .9%) 99 U85 (96—100) 0097 (0.95-0.99)
Level L4-5 (13) 312(67.7%) o8 99% (98-100) 0.95 (0.92-0.98)
Level L5-51(13) 48 (10.4%) 99 G2% (B4—1000) 092 (. B6-0.98)
Smoking (43)*** 112 (26.0%) Lr) 92% (87-97) 0.93 (0.890.97)
*prevalence sccording to EPR
*#Cohens Kappa

*##Smoking was registered by patients on the preoperative form; the remaining variables were registered by the surgeon on the postoperative

form

Perioperative complications were recorded for 15 (3.2%)
patients in NORspine, and 30 (6.5%) patients in the EPRs.
The agreement between NORspine and EPR was weak (K
(95%CI)=0.51 (0.33-0.69)). The class average accuracy for
all perioperative complications was 99.4% (eight different
categories combined), and for dural tears isolated, 97.0%
were classified correctly (PCC). The sensitivity for record-
ing a complication (95%CT) was 40% (23-58%) (Table 2).

As shown in Table 3, ASA classification (1-5) showed
moderate agreement (K (95%CI)=0.73 (0.66-0.80)).
Table 4 shows the differences in the prevalence of comor-
bidities. NORspine underreported comorbidities compared
to EPRs.

As shown in Table 2, previous surgery (yes or no) had an
almost perfect agreement (K (95%CI)=0.93 (0.89-0.97)),
a proportion classified correctly of 97.2%, and a sensitivity
of 95.8%. The number of previous surgeries showed moder-
ate agreement (K (95%CI)=0.62 (0.48-0.75)), as shown in
Table 3.

Perioperative details (method of decompression, fusion,
surgical access, spinal level operated) recorded by the sur-
geon showed moderate to excellent agreement between
NORspine and EFR (K=0.76 to (1.98), and high proportions
were classified correctly (93-99%). The sensitivity for the
recording of perioperative details was high (92-99%).

Table 3 Agreement for

Dhata sourc:
NORspine data for 474 spinal ol
stenosis patients compared o Surgeon, post ive farm
thiic slectrone palieat meords, PR PR
ordinal or continuous variables
Patient, preoperative form

Variable Agreement® (95%CT)
ASA classification®* 0.73 (0.66-0.80)
Number of previous singeries 0.62 (0.48-0.75)***
Number of levels operated 0.91 (084099
Type of surgery**#* 0.90 (0.82-0.98)
Method of decompression®#+% 0.76 (0.68-0.84)
Height {centimeters) 0.9 (0.98-0.99)
Weight (kilograms) 0.99 (0.99-0.99)
BMI (calculated) 0.99 (0.98-0.99)

*Fleiss weighted kappa for ordinal data, intraclass correlation coefficient (1CC) for continuous data. [CC

was calculated using a two-way mixed model and absolute ag

(aveTage me

** ASA: American Society of Anesthesiologists—classification of physical status (1-5). Mean ASA score
was 2.17 in NORspine and 2.14 in EFR

#*+#Mean number of previous spine surgeries was 1.29 in NORspine and 1.42 in EPR

¥ Type of surgery was graded as decompression or decompression and fusion

sda%d Decompression options were unilateral foraminotomy, crossover (“over the top™ ), or bilateral forami-

notomy
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Table 4 Prevalence of relevant comorbidities reported by NORspine
compared to relevant comorbidities reported in EPRs for 474 patients
operated for LSS

Diagnosis NORspine, m (%) EPR. n (%)
Hypertension 161 (34.0%) 245 (51.3%)
Heart disease 119 (25.1%) 107 (22.6%)
Hip or knee osteoarthritis 31 (6.5%) a7 (14.1%)
Dishetes 49 (10.3%) 67 (14.15%)
Depression or anxiety 12 (2.5%) S54(11.4%)
Rheumatoid arthritis T(1.5%) 15(3.2%)
Ankylosing spondylitis 1(0.2%) 3(0.6%)
Other rheumatic disorder 19 ((4.0%) 25(5.3%)
Chronic pain 16 (3.4%) 40 (8.4%)
Chronic neurologic disorder 13 (2.7%) 34(7.2%)
Peripheral vascular disease 14 (3.0%) 32 (6.8%)
Chronic lung disease S2(11.0%) BO(18.8%)
Cancer IT (3.6%) 4T (9.9%)
Osteoporosis 6 (1.3%) 23 (4.9%)
Endocrine disorder 24 (5.1%) 49 (10.3%)
Other 75 (15.8%) 218 (46.0%)

Smoking status had an almost perfect agreement (K
(95%CI)=10.93 (0.89-0.97)), a proportion correctly clas-
sified of 97.2%, and a sensitivity of 92.0%. Furthermore,
as shown in Table 3, the patients’ height, weight, and BMI
showed excellent agreement between NORspine and EPRs
(ICC =0.99 to 0.99).

Discussion

This cross-sectional study compared Norwegian spine
registry (NORspine) data to corresponding EPR. data. We
found a weak agreement for perioperative complications, a
moderate agreement for ASA classification, a moderate to
strong agreement for perioperative details, and almost per-
fect agreement for demographics. NORspine underreported
perioperative complications and comorbidity.
Perioperative complications had a weak agreement and
were underreported (sensitivity of only 40%) in NORs-
pine. For example, dural tears were recorded in 13 patients
(2.7%) in NORspine and 25 patients (5.3%) in EPR. Physi-
cians’ underreporting of surgical complications has been
previously reported [12-17]. In line with our findings, a
Swedish study of medical registers by @hrn et al. from
2011 showed that only 74 of 210 (35%) of complications
registered in a patient claim database had been recorded
in the Swedish spine register [18]. Furthermore, a study
validating German spine register data found wrong entries
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ranging from 10 to 50% for variables describing complica-
tions and reoperations [7]. Still, a sensitivity of 40% for
surgeon-reported perioperative complications in the pre-
sent study was unexpectedly low. We found a class aver-
age accuracy (CAA) for all perioperative complications
of 99.4%; however, some of the complications listed are
extremely rare, and CAA may, therefore, overestimate the
accuracy of complication reporting. Previously published
data on the prevalence of perioperative complications
range between 3 and 16% [19-22]. The corresponding
number in NORspine was 3.2%, also indicating an under-
reporting. EPRs documented 6.5% perioperative complica-
tions — a number more concordant with previous studies.
Perioperative complications are recorded in NORspine and
EPR at the same time point, and these data sources should
match. Possible explanations for the discrepancy between
the frequencies of complications recorded in NORspine
and EPRs can be different definitions; for example, a minor
repaired dural tear may not be graded as a complication
by some surgeons.

ASA classification showed a moderate agreement, and the
means between the two data sources were similar (2.17 vs.
2.14), illustrating no tendency to either under- or over-classi-
fication. The German spine register validation study reported
wrong entries for ASA classification in 25% of cases and
showed that a relatively simple classification system might
be reported inaccurately [7]. However, all classification sys-
tems are subject to interpretation and inherent disagreement.
We considered the ASA classification recorded in EPRs by
anesthetists as the gold standard. However, the surgeon com-
pleting the NORspine form could either miss or disagree
with the ASA classification provided by the anesthetist or
use an ASA score recorded elsewhere in the EPR.

Each comorbidity was underreported in NORspine; this
may be because surgeons could have different definitions
of comorbidity they considered relevant, which illustrates a
problem with the concept validity of this item in the NOR-
spine questionnaire. Carreon et al. studied the comorbidity
in patients with spinal stenosis in 2003 [21]. They found
prevalence on the same level as we did in EPR, which sup-
ports our conclusion that comorbidity was underreported
in NORspine. Moreover, previous studies have found low
accuracy for orthopedic surgeons performing coding of
diagnoses and indications for surgery, assessing cognitive
function, and registering antibiotic use [23-25]. The discrep-
ancy in the recorded prevalence of depression and anxiety
in NORspine vs. EPRs may indicate that spine surgeons are
not sufficiently aware of patients’ mental health and how
mental health may influence the clinical results (PROMSs)
after spinal surgery.
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One should consider alternative ways of assessing comor-
bidity. However, other comorbidity scoring systems as frailty
score and comorbidity indices (Charlson comorbidity index
(CCI) and Elixhauser comorbidity index) [26, 27] are more
complex, possibly affecting response rates and accuracy. We
found ASA classification to be the most feasible comorbid-
ity measure, and it displayed moderate agreement in our
study. Mannion et al. found that ASA was a strong predic-
tor of complications after hip surgery, and adding a more
complex score (CCI) was not superior in predicting post-
operative complications [28]. Hence, we recommend using
ASA classification over more complex measures despite its
limitations.

There was a discrepancy in accuracy between the differ-
ent variables concerning previous surgery. Previous spinal
surgery (yes/no) had an agreement of 0.93, and the number
of previous surgeries had an agreement of 0.62; this indi-
cates that NORspine is more precise in recording patients
who had any previous surgery than the exact number of pre-
vious surgeries.

Perioperative details were accurately registered, with
the proportion correctly classified above 93%. There was a
strong to excellent agreement between NORspine data and
the EPR data, with kappa values above 0.90; this is also in
line with the literature; orthopedic surgeons coded surgi-
cal procedures and classified x-rays accurately in previous
studies [23, 24]. However, surgical access reported by the
surgeon showed minimal agreement between NOR spine and
EPR. Defining surgical accesses in NORspine may have
been subject to interpretation, as surgeons may have mis-
interpreted the *“lateral/Wiltzes™™ choice as the direct lateral
approach. Therefore, the NORspine board plans to clarify
and amend options for surgical accesses in the next version
of the surgeon-reported questionnaire.

Smoking status is recorded in the EPR as a direct ques-
tion to the patient and in the NORspine as a simple yes
or no question. The source of these two variables was the
same, the patient. However, there was an error rate of 2,5%
(PCC 97,5%) and an agreement of 0.93. This variable can
indicate the rate of random error in NORspine. Patients’
height, weight, and BMI displayed excellent agreement. The
patients themselves report these variables to NORspine, and
their accuracy and agreement could serve as an aim for sur-
geon-recorded variables. It is questionable to define EPR as
a gold standard because some variables could be more cor-
rectly reported by patients than healthcare personnel. A fur-
ther step to improve data quality could be to use a combined
construct of patient- and physician-recorded variables [4].

About 1% of NORspine data values were missing val-
ues, as compared to 3% in the EPR. This is in line with a
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literature review of data quality from 2002 [29]; they found
2% missing data in automatically collected and 5% in manu-
ally collected register data.

Our study has several limitations: We used EPRs as an
external data source, although they may lack relevant infor-
mation. EPR data might not be appropriate for some vari-
ables as a reference, so we chose to report both accuracy and
agreement. Agreement would be a more appropriate measure
when no clear reference standard exists. The EPRs at the
four hospitals were not standardized (free text format) and
could miss or misinterpret relevant information. On the other
hand, every patient has an EPR, and it has been defined as a
gold standard in other validation studies [4-7] and has a high
medical and legal status. Ideally, to be defined as a complete
gold standard, the EPR should record PROMs.

Another limitation was potential selection bias due
to the non-randomized selection of hospitals. The accu-
racy of NORspine and EPR data registration could dif-
fer between hospitals, limiting the generalizability of
our findings. However, most of the differences in patient
characteristics between the four selected and the remain-
ing hospitals reporting to NORspine were small, and
some of them might be incidental findings. Therefore, the
authors consider the patient sample representative for the
broader population of the NORspine. Patients analyzed
in the present study were operated on and included dur-
ing 2015-2016, and no relevant changes have been made
in NORspine since 2015. Therefore, we believe that our
findings are still relevant.

The selection of variables had to be limited to those
available and suitable for comparison in both data sources.
Therefore, the concordance of some relevant variables
could not be assessed (e.g., patient-reported disability
and pain).

We only assessed patients who underwent decompression
due to spinal stenosis, who were treated with a limited num-
ber of simple procedures and surgical accesses. Our results.
may. therefore, represent a “best-case scenario” regarding
the quality of NORspine data.

The strength of this study was a comprehensive and sys-
tematic review of a large number of EPRs at four hospitals.
We assessed both accuracy (PCC and sensitivity) and agree-
ment (kappa or ICC) of patient—and surgeon-reported data
to validate different NORspine variables.

Future perspectives and implications

A long-term goal could be the inclusion of clinical regis-
try data in a structured EPR. Structured EPRs have been
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implemented in Norway for hip fracture patients, and data
from a structured EPR are sent directly to the national hip
fracture audit. Structured EPRs can improve the quality of
the EPR and the quality and completeness of registry data.
Furthermore, structured EPRs could make valuable data
more accessible to clinical research. A future perspective
would be to integrate spine registers into a structured EPR.

Conclusions

This cross-sectional validation study showed that the Nor-
wegian Registry for Spine Surgery (NORspine) tended to
underreport perioperative complications to spine surgery

compared to corresponding EPRs. This finding may rep-
resent a systematic error (information bias), and future
register studies on complications after spinal surgery could
cross-reference perioperative complications with other data
sources to reduce the risk of underreporting. Comorbidi-
ties were also underreported in NORspine; the ASA clas-
sification seems the simplest and most reliable way to assess
comorbidity. Perioperative details and patient-reported data
had moderate to excellent agreement.

Appendix

See Tables 5. 6 and7.

Table 5 Patient-reported

. L 5 Variables
precperative guestionnaire

NORspine question/alternatives Recorded in EPR review

{2015-2016 edition, authors

D you smoke?
translation)

Height

Weight

Education, highest level

Family and children

Civil status

How many children do you have?
First language

Puin level during last week

Quality of life
Analgesics
Duration of back symptoms

Duration of leg symptoms
Oceupational status

Have you applied for a disability benefit?
Applied for compensation from insurance  Four options

co. or workers” comp?

Yes/No YesNo
Centimeters. Centimeters
Kilograms Kilograms
Five options Not evaluated
Married/cohabitant/Single Not evaluated
Number Not evaluated
Morwegian/Sami (indigenousiOther  Not evaluated

Mumeric rating scale back pain 0-10  Not evaluated
Numeric rating scale leg pain (0-10
Oswestry Disability Index
EuroQol-5Dimensions-3Level
EuroQuol VAS (0 worst — 100 best)

Not evaluated
Not evaluated
Not evaluated

Not evaluated

Do you use analgesics due to back Not evaluated
and/or leg pain? Yes/No

How often? (Four options) Not evaluated
Four options Not evaluated
Four options Not evaluated
Ten options Not evaluated
Four options Not evaluated

Not evaluated
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Table 5 Surgeon-reported perioperative questionnaire (2015-2016 editon, asthors' translation)

Variable NORspine questionfalternative(s) Recorded from EPRs

Previous back surgery Yes, same level/Yes, different level/No Yes (any)No

Previous surgery, number Number of previous lumbar surgeries (count) Number of previous lumbar surgeries (count)

Other relevant diseases, injuries, or No No

complaints

Yes, specify Rheumatoid arthritis Rheumuatoid arthritis
Ankylosing spondylitis Ankylosing spondylitis
Other rheumatic disorder Other rheumatic disorder
Hip or knee osteoarthritis Hip or knee osteoarthritis
Depression or anxiety Depression or anxiety
Chronic musculoskeletal pain Chronic musculoskeletal pain
Chronic neurologic disorder Chronic neurologic disorder
Cerebrovascular disease Cerebrovascular disease
Cardise or vascular disease Cardiac or vascular disease
Peripheral vascular disease Peripheral vascular disease
Chronic pulmonary disease Chronic pulmonary disease
Cancer Cancer
Osteoporosis Osteoporosis
Hypertension Hypertension
Driabetes mellitus Diabetes mellitus
Other endocrine disorder Other endocrine disorder
Other, specify Other, specify

Radiologic examination T Not evaluated
MERI Not evaluated
Radiculography Not evaluuted
Discography Not evaluated
Diagnostic block Not evaluated
Lumbosacral spine X-ray Not evaluated
With flexion/extension Not evaluated

Radiologic assessment Narmal Not evaluated
Disk herniation Not evaluated
Spinal stenosis. central Not evaluated
Spinal stenosis, lateral Not evaluated
Foraminal stenosis Not evaluated
Degenerative spine/disk Not evaluated
Isthmic spondylolisthesis Not evaluated
Degenerative spondylolisthesis Not evaluated
Degenerative scoliosis Not evaluated
Synovial cyst Not evaluated
Pseudomeningocele Not evalusted
Other, specify Not evaluated

Indication for surgery Backfhip puin/Leg pain/Both Not evaluated
Palsy Yes/No Not evaluated
Palsy grade (0-5) Mot evaluated
Canda equina syndrome Not evaluated
Other, specify Not evaluated
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Table 6 (continued)

Variable

MNORspine question/alternative(s)

Recaorded from EPRs

Early reoperation (90 days), cause

Type of surgery

ASA classification
Surgical method

Other surgical methods

Surgical access
Fusion

Type of bone graft
Spinal level(s) und side(s) treated

Antibiotic prophylaxis
Wound drainage
Surgical time

Recurrent disk herniation

Dwral tear

Hematoma

Deep infection

Superficial infection

Post-op spondylolisthesis
Loosening/malposition of implants
Planned/emergencyfin between
Outpatient surgery (yes/MNo)

1-5 (explained in text)
Microscope/magnifying glasses (yes/no)

Extirpation of disk herniation No/Yes with complete
discectomy/Yes without complete discectomy

Midline preserving decompression (yes/no)
Unilateral (Yes/No)

Crossover (“over the top”) (Yes/No)
Bilateral laminotomy yes/No
Laminectomy Yes/No

Removal of facet joint yesino
Removal of facet joint uni-/bilateral
Endoscopic

Minimally invasive (tube)
Interspinous implant

Removal of interspinous implant
Disk prosthesis

Mucleus implant

Nucleotomy

Chemical nucleolysis

Revision of implants

Removal of implants

Other, specify

Posterior midline, lateral (Wiltze), anterior
Posterolateral (instrumented/one graft)
ALIF {cage/bone block)

PLIF (cage/bone block)

TLIF (cage/bone block)

Other, specify

Autograft'bone substitute/allograft
L2-3 (right/left)

L34 (right/left)

L4-5 (right/left)

L5-51 (rightfleft)

Yes/No

Yes/No

Start/stop (time)

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated

Not evaluated
Not evaluated
Not evaluated
1-5

Not evaluated
Not evaluated

Midline preserving decompression (yes/ino)
Unilateral (Yes/No)

Crossover (“over the top") (YesMo)
Bilateral laminotomy (Yes/No)
Laminectomy (Yes/No)

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Posterior midline, lateral (Wiltze), anterior
Fusion (Yes/No)

Not evaluated
L2-3 (right/left)
L3-4 (right/left)
L4-5 (right/left)
L5-81 (right/left)
Other, specify
Mot evaluated
Mot evaluated
Not evaluated
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Table 6 (continued)

Variable NORspine questionfalternative(s) Recorded from EPRs

Perioperative complications Dural tear/CSF leakage Duwral tear/CSF leakage
Nerve root damage Nerve root damage
Operated wrong levelfside Operated wrong level/side
Malpositioned implant Malpositioned implant
Bleeding (necessitating transfusion) Bleeding (necessitating transfusion)
Respiratory complications Respiratory complications
Cardiovascular complications Cardiovascular complications
Anaphylactic reaction Anaphylactic reaction
Other, specify Other, specify

Surgical code NOMESCO classification of Surg Proc Not evaluated

Length of stay Number of days Not evaluated

Death, in hospital Cause of death Mot evaluated

Table 7 Completeness of NORspine compared to electronic patient
recards (EPR) for 474 patients operated for spinal stenosis

Variable Missing data in Missing data in
NORspine, n (%) EPR review, n (%)

Age None MNone
Sex MNone None
BMI 9(1.9%) 20 (4.2%)
Smoking 5(1.1%) 39 (R.2%)
Comorbidity, any 29(6.1%) 10(2.1%)
Previous surgery, any 3(0.6%) L1(2.3%)
Access, posterior midline 12 (2.5%) 13(2.7%)
Level L2-3 None 14 (3.0%)
Level L3-4 None 1302.7%)
Level L4-5 None 13(2.7%)
Level L5-8 None 13(2.7%)
Number of levels operated  None 13(2.7%)
Type of surgery MNone 15(3.2%)
Perioperative complica- MNone* 11(2.3%)

tions
Total (n=06636)%* 58 of 6,636 (0.9%) 185 of 6,636 (2.8%)

*Perioperative complications were registered as either “yes" or “no’™;
there were no missing data regarding complications in NORspine, but
MNORspine underreported complications compared 1o EPR

**#The total number is number of vanables (14) multiplied with num-
ber of patients (474)
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Abstract

Background Loss to follow-up may bias outcome assessments in medical registries. This cohort study aimed to
analyze and compare patients who failed to respond with those that responded to the Norwegian Registry for Spine
Surgery (NORspine).

Methods We analyzed a cohort of 474 consecutive patients operated for lumbar spinal stenasis at four public hos-
pitals in Morway during a two-year period. These patients reported sociodemographic data, preoperative symptoms,
and Oswestry Disability Index (ODI), numerical rating scales (NRS) for back and leg pain to NORspine at baseline and
12 months postoperatively. We contacted all patients who did not respond to NORspine after 12 months. Those who
responded were termed responsive non-respendents and compared to 12 menths respondents.

Results One hundred forty (30%) did not respond to NORspine 12 months after surgery and 123 were available for
additional follow-up. Sixty-four of the 123 non-respondents (52%) responded to a cross-sectional survey done at a
median of 50 (36-64) months after surgery. At baseline, non-respondents were younger 63 (5D 11.7) vs. 68 (SD 9.9)
years {[mean difference (95% Cl) 4.7 years (26 to 6.7); p= <0.001) and more frequently smokers 41 (30%) vs. 70 (21%)
RR (95%C1) =140 (1.01 to 1.95); p =0.044. There were no other relevant differences in other sociodemographic vari-
ables or preoperative symptoms. We found no differences in the effect of surgery on non-respondents vs. respond-
ents (ODI (D) =282 (19.9) vs. 25.2 (18.9), MD (95%Cl) = 3.0 (-2.1 to 8.1); p=0.250).

Conclusion We found that 30% of patients did not respond to NORspine at 12 months after spine surgery. Non-
respondents were somewhat younger and smoked more frequently than respondents; however, there were no differ-
ences in patient-reported outcome measures, Our findings suggest that attrition bias in NORspine was random and
due to non-maodifiable factors.

Keywords Loss to follow-up, Spine surgery, Attrition bias, Registry, Non-response, Lumbar spinal stenosis

*orrespondence: ’ Department of Jlinical Medidne, The Arctic Univarsity of Norway (LIT),
Simran Kaur Tromsa, Norway
Simran s k@gmail.com

! Department of Orthopedic Surgery, Martinz Hansens Hospital, Sandvika,

Morway

? Innlandet Hospital Trust, Brumunddal, Norway

3 Akershus Lniversity Hospital, Mordbyhagen, Morway

+ Norweglzn University of Sdance and Technology, Trondhelm, Norway

5 Divislon of Orthopedic Surgery, Oslo University Hospital, Oslo, Norway

% Diapartment of Neurosurgery & Morweglan Ragistry for Spine surgery,

University Hospital of North Morway, Tromse, Norway

«oniginal authors) and the source, provide a link to the Creative Cormmons licence, and indicate if changes were made. The images or
«other third party material in this article are induded in the artide’s Creative Commons licence, unless indicated otherwisz in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended wse i not permitted by statutory
regulstion or exceeds the permitted use, you will need 1w obtain permission directhy from the copyright holder: To view a copy of this
licence, visit httpy/fcreativecommons.ong/licenses/by'4.0¢. The Creative Commens Public Domain Dedication waiver (hitpy/creativeco
mmonsoig/publicdormain/zerod.0v) applies to the data made availzble in this article, unless otherwise stated ina credit line to the data.

©The Authorfs) 2023 Open Access This artide & licensed under a Creative Commons Attribution 4.0 International License, which
. BM‘ permiits use, sharing, adaptation, distribution and repeoduction in any medium or format, as kong as you give appropriate credit to the

110



Kaur et al. BMC Musculoskeletal Disorders (2023) 24:164

Background

Medical registries provide clinicians with large data sets
of high external validity and complement randomized
controlled trials that examine more targeted populations
and treatments [1, 2]. Medical registries can guide deci-
sion-making and improve the quality of care by moni-
toring patient-reported outcome measures (PROMs)
stratified by different populations, diagnoses, and treat-
ments [3, 4]. Medical registries face higher attrition rates
compared to clinical trials—rigorous attempts to attain
data are costly and impractical in a registry setting [5].
Still, sufficient follow-up rates are crucial for the quality
of registries, and awareness of follow-up rates is impor-
tant when interpreting register data.

Non-respondents may systematically differ from
respondents and introduce attrition bias that compro-
mises the validity of register data [1, 6—8]. However, some
studies suggest that non-response occurs at random [2, 4,
5]. The last assessment of non-respondents in NORspine
was conducted in 2007 and reported a loss to follow-up
of 22% at two years postoperatively and did not reveal any
differences in outcomes between non-respondents and
respondents [5]. This study was conducted before NOR-
spine expanded to a national registry, and a reassessment
is warranted. In order to assess the impact of attrition on
NORspine data, we aimed to assess baseline characteris-
ties and clinical outcomes for patients who responded at
12 months after surgery compared to those who did not.

Methods

This cohort study was based on retrospective analyses of
prospectively collected NORspine data. We compared
baseline variables for patients who did not respond to
NORspine at 12 months after surgery with those who had
responded. We reached out to those who did not respond
to NORspine at 12 months after surgery and performed
an additional cross-sectional survey at a median of 50
(36—64) months after surgery. We assessed clinical out-
comes for those who finally responded to our additional
questionnaire. As an additional analysis, we also com-
pared the baseline variables of the subgroup that never
responded compared to those who responded to the
additional cross-sectional survey.

NORspine
All Norwegian hospitals that offer spine surgery are
obliged to report to NORspine. Currently, 70% of all
degenerative spine surgeries done in Norway are reg-
istered in NORspine [9]. NORspine is a consent-based
register. Patients with primary infections of the spine,
fractures of the spine, and patients who are unable to
comprehend questionaries in Norwegian, are not invited
to participate.
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A NORspine dataset consists of both patient- and sur-
geon-reported variables. Patients complete a standard-
ized questionnaire preoperatively on sociodemographic
data such as age, sex, native language, level of educa-
tion, and marital status. Patients also report preoperative
symptoms, as assessed by validated PROMs: Oswestry
Disability Index (ODI) ranging from 0 (minimal dis-
ability) to 100 (bedbound), Numeric Rating Scales (NRS)
ranging from 0 (no pain) to 10 (worst imaginable pain)
for back and leg pain, and quality of life as assessed by
EuroQol 5 Dimension 3 level—0.59 (worse than dead) to
1,0 (perfect health) [10-13].

Surgeons report directly after the surgery on diagnoses,
relevant comorbidities, and perioperative details such as
the type of surgery. The NORspine sends follow-up ques-
tionnaires to patients at 3 and 12 months after surgery by
regular mail, including one reminder if the patient does
not reply. Patients report directly to NORspine at follow-
ups using PROMs (ODI, NRS back and leg pain, EQ5D,
and Global Perceived Effect (GPE)—a seven-point Lik-
ert scale (1 =completely recovered, 2=much improved,
3=slightly improved, 4=unchanged, 5=slightly worse,
6=much worse, 7=worse than ever) [14].

Data collection

We analyzed prospectively collected NORspine data on
patients operated for lumbar spinal stenosis (LSS) at four
hospitals between January 1%, 2015 and December 31,
2016. Patients who consented to participate in NORspine
completed questionnaires at baseline, The NORspine
registry then mailed similar questionnaires to patients at
12 months postoperatively. Patients responded directly
to NORspine without the involvement of the treating
center. NORspine routinely sends one postal reminder
to those who do not respond before they are considered
non-respondents. We engaged the NORspine office to
reach out to those who did not respond at 12 months
after surgery. The 12 months postoperative question-
naire was sent once again. We also sent one reminder by
mail and one by SMS to those who still did not respond.
Patients that responded at 12 months postoperatively are
termed respondents, while those who did not respond are
termed non-respondents. Those who finally responded
are termed “responsive non-respondents’, and those who
never responded to any contact are termed “resistant
non-respondents”.

Baseline and outcome measures

At baseline, we compared 140 non-respondents with 334
respondents. In our cross-sectional analysis, we were
able to contact 123 of the 140 non-respondents—17
were classified as “unknown address’, “moved abroad’, or
“deceased” (Fig. 1). We then compared clinical outcomes
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assessed by PROMs between responsive non-respond-
ents (median 50 months after surgery) and respondents
(12 months after surgery). We also dichotomized clinical
outcome using the GPE scale, defining success as “com-
pletely recovered” and “much improved’, and compared
the proportions of successfully treated non-respondents
versus respondents.

Finally, we compared the baseline characteristics
of the responsive non-respondents and the resistant
non-respondents.

Page3of 7

Statistics

We used descriptive statistics presented by means (SD)
for continuous variables and numbers (percentages) for
categorical variables. We analyzed between-group dif-
ferences by mean difference (95%CI) and Student's T-test
for continuous variables, or relative risk (95%CI) and
z-statistics for categorical variables. Statistical analy-
ses were performed using SPSS, version 26 (IBM Corp,,
Armonk, N.Y. USA) and MedCale Software Ltd. Relative
risk calculator. https://www.medcalc.org/calc/relative_
risk.php (Version 20.027; accessed March 14, 2022).
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Ethical considerations

All patients provided an informed consent when enter-
ing the registry. The Norwegian national ethical board
(Regional Committee for medical and health research
ethics, reference number 2017/2157) approved this study,
as did the data protection officers at the four participat-
ing hospitals. This study was conducted in accordance
with the Helsinki declaration [15].

Results

As seen in Fig. 1, of the 474 consenting patients, 140
(30%) patients did not return the questionnaire at
12 months postoperatively. At the time of cross-sectional
data collection, 17 patients were not possible to contact,
leaving 123 for analysis. Of the 123 non-respondents, 64
(52%) patients returned questionnaires (“responsive non-
respondents”), while 59 (48%) failed to respond (“resist-
ant non-respondents”).
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Baseline characteristics

The non-respondents were younger than the respond-
ents, 63 (SD 11.7) vs. 68 (SD 9.9) years, mean differ-
ence (95% CI) 4.7 years (259 to 6.74); p= <0.001.
Non-respondents were more frequently smokers com-
pared to respondents: 41 (30%) vs. 70 (21%), RR (95%CI)
1.40 (1.01 to 1.95); p=0.044. Furthermore, non-respond-
ents had a lower proportion of surgeon-reported rel-
evant comorbidities compared to respondents 93 (69%)
vs. 243 (78%), RR (95%CI) 0.89 (0.77 to 1.00); p=0.047.
However, we found no difference in ASA classification
between non-respondents and respondents: the number
(%) of ASA grades 1 and 2 was 111 (79%) vs. 242 (72%)
RR (95% CI) 1.09 (0.98 to 1.22); p=0.100. As shown in
Table 1, there were no other differences between the non-
respondents and respondents at baseline. Also, we found
no differences in the type of surgery (decompression only
vs. decompression and additional fusion) among the non-
respondents and respondents.

Table 1 Baseline characteristics and perioperative data of 474 patients with lumbar stenosis who reported to NORspine

N Non- N Respondents Mean difference Pvalue
Missing respondents Missing (5D, %) (95% CI) or relative
(5D, %) risk (95% Cl)

Age (years) N=140 630(117) N=334 677 (99) -47 (674 t0-1.50) <0001
Missing=0 Missing=0

Female N=140 71 (51%) N=334 183 (55%) 093 (07710 1.12) 0426
Missing=0 Missing =0

BMI N=13& 2B6(435) N=329 282 (45) 04(-048t01.33) 0362
Missing=4 Missing=5

Comorbidities* N=135 93 (60%) N=310 243 (75%) 0.89 (077 to 1.00) 0047
Missing=5 Missing=24

ASA grade | and Il N=140 111 (79%) N=334 242 (729%) 100 (0,98 10 1.22) 0100
Missing=0 Missing=0

Smokers M=138 41 (30%) N=331 T0(21%) 140(1.01 12 1.85) 0
Missing=2 Missing=3

Morwegian as first language N=138 130 (94%) N=331 324 (98%) 056 (052 10 1.01) 0.080
Missing=2 Missing=3

University or college education >4 years MN=135 30 (22%) N=325 83 (25%) 0.87 (0.60 to 1.26) 0463
Missing=4 Missing=6

Single civil status MN=139 30 (22%) N=332 85 (26%) 08405810 1.22) 0351
Missing=1 Missing=2

Preoperative ODI N=138 423(18.1) N=329 404(158) 1.87 (-1.31 to 5.06) 0245
Missing=4 Missing=5

Preoperative MRS back pain MN=137 6920 N=312 68(21) 017 (-0.26 10 061) 0430
Missing=13 Missing=22

Preoperative NRS leg pain N=133 £91(22) N=311 70(21) -0.04 (049 to 0.40) 0844
Missing=17 Missing=23

Decompression only type surgery M=140 122 (87%) N=334 301 (909%) 053(0841t0 1.15) 0820
Missing=0 Missing =0

Fusion type surgery N=140 18 (13%) N=334 33 (10%) 127 (07410 2.18) 0303
Missing=0 Missing =0

* Comarbidities that were assessed as relevant by the reporting surgeon
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Clinical outcomes

As presented in Table 2, we did not find any differences
in mean (SD) ODI scores between the responsive non-
respondents and respondents postoperatively 28.2 (19.9)
vs., 25.2 (18.9), mean difference (95% CI)=3.0 (-2.1 to
8.1); p=0.250. Nor did we find any differences between
responsive non-respondents versus respondents for NRS
back pain, 4.6 (3.0) vs. 4.1 (2.9), mean difference (95% CI)
0.43 (-0.3 to 1.2); p=0.271 or NRS leg pain score 4.0 (3.2)
vs. 3.9 (3.1) mean difference (95% CI) 0.15 (-0.7 to 1.0);
p=0.719. Finally, we found similar proportions of suc-
cessively treated patients among non-respondents and
respondents, as assessed by GPE (63 (70%) vs. 330 (79%),
RR (95%CI) 0.89 (0.75 to 1.06); p=0.183).

Resistant non-respondents

Appendix Table 1 compares the responsive non-respond-
ents (64 (52%)) to resistant non-respondents (59 (48%)).
We did not find any age difference; however, resist-
ant non-respondents were more frequently smokers
(22 (38%) vs. 13 (20%), RR (95% CI) 1.87 (1.04 to 3.36);
p=0.037). As shown in Appendix Table 1, we did not
find differences in other baseline characteristics such as
sex, marital status, level of education, native language,
ASA grade, or preoperative PROM levels.

Discussion
The main findings from this register-based cohort study
of patients who had spinal surgery due to lumbar spi-
nal stenosis were that non-respondents were somewhat
younger and tended to smoke more often than those who
responded. Moreover, we found no differences in PROM
scores between non-respondents compared to respond-
ents, neither at baseline nor after surgery.

Several studies have demonstrated that non-respond-
ents are younger than respondents [2, 4, 16-19].
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Completing and posting questionnaires consumes time,
and younger patients may be busier due to work and fam-
ily obligations. Our finding that non-respondents were
more frequently smokers has also been supported by oth-
ers [2,4, 6, 17, 18]. Also, we found that surgeons reported
fewer relevant comorbidities for non-respondents than
respondents. However, the variable “relevant comorbid-
ity” is subject to interpretation by the treating surgeon.
Therefore, the registration of relevant comorbidities by
the treating surgeon may be questioned. A validation
study of NORspine data found that surgeons tended to
underreport relevant comorbidities and that ASA grad-
ing done by the anesthetist could be more reliable in
assessing comorbidity [20]. In our study, there was no dif-
ference in the proportions of ASA grades 1 and 2 patients
among non-respondents compared to respondents.

In addition to young age and smoking, previous stud-
ies of non-respondents also reported a predominance
of the male gender, living alone, higher anxiety levels,
and worse PROM scores [2, 4-6, 16—19]. Two obser-
vational spine studies found that non-respondents had
higher ODI scores, lower quality of life (EuroQol 5D),
and lower function (Short form health survey—SF-36)
preoperatively compared to those who responded [2, 19].
The aforementioned studies implied that non-respond-
ents had a worse starting point and were not quite rep-
resentative of the entire register population. However,
these findings were not reproduced in our study. Neither
at baseline nor at follow-up did we find any differences
in ODI between the non-respondents and respondents
(Tables 1 and 2).

Another Swedish spine register study reported that
non-respondents had inferior clinical outcomes [6], while
other studies support our findings of similar postopera-
tive outcomes for non-respondents versus respondents
[2, 4, 5, 16—18]. Minor differences in PROMs have been

Table 2 Postoperative dinical outcomes for responsive non-respondents and respondents operated for lumbar spinal stenosis

N Responsive non- N Respondents** Mean diff (95% CI) or P-value
Missing respondents*® Missing Mean (SD)/ n (%) Relative risk (95% CI)
Mean (SD) / n (%)

Le/nl} N=64 28.2(199) N=333 25.2(189) 299 (-21tw080) 0.250
Missing =0 Missing=1

MRS back pain N=564 46(30) N=328 41(29) 043 (0310 1.2) 02701
Missing =0 Missing=5

MRS leg pain N=63 40(32) N=321 39(30) 015 (070 1.0) 0719
Missing 1 Missing=12

Success by GPE*™ N=63 63 (70%) N=330 330 (79%) 083 (08to1.) 0183
Missing 1 Missing=3

" PROM scores collected retrospectively at a median of 50 months after surgery
" PROM scores collected prospectively at 12 months after surgery
" Success defined as “completely recovered” or ‘much recovered” on the GPE scale
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reported between non-respondents and respondents, but
the magnitudes of these differences were assessed as clin-
ically irrelevant [21].

Some studies suggest that loss to follow-up of as lit-
tle as 5% [22, 23] may cause bias, while rates above 20%
[24] could potentially lead to serious bias. There is a vari-
ation in loss to follow-up rates in spine register studies
ranging from 12% [4] to 42% [2]. The loss to follow-up at
12 months after surgery in our study was 30%. Moreo-
ver, previous studies have implied that it is not the extent
of loss to follow-up but the type of attrition that is rel-
evant for the assessment of bias [1, 7, 25]. Classification
of missing data based on Rubin’s and Little s work dif-
ferentiates between data missing at random (MAR),
missing completely at random (MCAR), and missing at
non-random (MNAR) [26]. In cases of MAR, the non-
respondents and respondents differ at baseline but
report similar clinical outcomes after treatment; in cases
of MCAR, the groups are similar at baseline and report
similar outcomes; in cases of MNAR, the two groups
compared report different outcomes. The largest risk
of bias in a registry setting arises in cases of MNAR—
the results are based on respondents only [1]. The use
of multiple imputations and mixed linear models are
used to manage MNAR [25]. Parai et al. found the loss
to follow-up in the Swedish spine registry to be of the
MNAR type [6], while Solberg et al. and Hejmark et al.
found MAR as the mechanism of loss to follow-up in
the Norwegian and Danish spine registries [4, 5]. In our
study, data seem to be missing at random since baseline
characteristics differ somewhat between non-respond-
ents and respondents, but the two groups report similar
outcomes,

The methods used by registries to collect data may
influence patient response. Reasons for patients not
responding can be related to forgetfulness, lack of inter-
est, and questionnaires being too time demanding. Clini-
cal visits and telephone interviews have been shown to
increase response rates [5], but they are time-consuming,
costly, and not practical in a register setting. A web-based
registry has shown a high loss to follow-up (59%) [17].
A combination of postal and web-based methods could
complement each other and increase response rates.
NORspine plans to implement a combination of methods
to increase the follow-up rate.

Strengths and limitations

The main weaknesses of our study are that we reached
out to a sample of all potential register patients and that
responsive non-respondents were compared to respond-
ents at different time points, i.e., 12 months vs. 50 (36—
64) months after surgery. However, previously published
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data have shown that patients who are followed longer
than one year after spinal surgery keep reporting stable
symptoms [27].

Conclusion

In this observational study based on data from a national
spine registry, we found a 30% loss to follow-up at
12 months after surgery for lumbar spinal stenosis. We
reached out to non-respondents after surgery and found
that non-respondents were somewhat younger and
more frequently smokers. However, non-respondents
reported similar clinical outcomes compared to those
who responded. Our findings suggest that attrition bias
in NORspine was random and due to non-modifiable
factors.
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Abstract BACKGROUND CONTEXT: Criteria for success afier surgical treatment of lumbar spinal steno-
sis (LS5) have been defined previously; however, there are no clear criteria for failure and worsen-
ing after surgery as assessed by patient-reported outcome measures (PROMs).

PURPOSE: We aimed to quantify changes in standard PROMSs that most accurately identified fail-
ure and worsening after surgery for L35,

STUDY DESIGN /SETTING: Retrospective analysis of prospective national spine registry data
with 12-months follow-up.

PATIENT SAMPLE: We analyzred 10,822 patients aged 50 years and older operated in Norway
during a decade, and 8,258 (76%) responded 12 months afier surgery.

OUTCOME MEASURES (PROMS): We calculated final scores, absolute changes, and percent-
age changes for Oswestry Disability Index (ODI), Numeric Rating Scale (NRS) for back and leg
pain (0-10), and EuroQol-3D (EQ-5D). These 12 PROM derivates were compared to the Global
Perceived Effect (GPE), a 7-point Likert scale.

METHODS: We used ODI, NES back and leg pain, and EQ-5D 12 months after surgery to iden-
tify patients with failure (no effect) and worsening (clinical deterioration). The corresponding GPE
at 12-months was graded as failure (GPE=4-7) and worsening (GPE=6-7) and used as an external
criterion. To quantify the most accurate cut-off values corresponding to failure and worsening, we
calculated areas under the curves (AUCs) of receiver operating characteristics (ROC) curves for
the respective PROM derivates.

RESULTS: Mean (95% CI) age was 68.3 (68.1 — 68.5) years, and 529 were females. There were
1,683 {209) failures, and 476 (6% patients were worse afier surgery. The mean (95% CI) pre- and
postoperative ODIs were 39.8 (39.5 — 40.2) and 23.7 (23.3 — 24.1). respectively. At 12 months,
the mean difference (95% CI) in ODI was 16.1 (15.7 — 16.4), and the mean (95% CI) percentage
improvement 38 8% (37.8 — 38 8).

The PROM derivates identified failure and worsening accurately (AUC>0.80), except for the
ahsolute change in EQ-5D. The ODI derivates were most accurate to identify both failure and wors-
ening. We found that less than 20% improvement in ODI most accurately identified failure
(AUC=0.89 [95% CI: 0.88 1o 0.90]), and an ODI final score of 39 points or more most accurately
identified worsening (AUC =091 [95% CI: 0.90 — 0.92]).
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CONCLUSIONS: In this national register study, ODI derivates were most accurate to identify
both failure and worsening after surgery for degenerative lumbar spinal stenosis. We recommend
use of ODI percentage change and ODI final score for further studies of failure and worsening in
elective spine surgery. © 2021 The Authors. Published by Elsevier Ine. This is an open access
article under the CC BY license (hitp://creativecommons.org/licenses/by/4.00)
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Introduction

Patients operated for lumbar spinal stenosis (LSS) are
more likely to improve than those treated conservatively
[1-3]. However, about 20% report persisting back and leg
pain after surgery [4].

Success after surgical treatment of degenerative LSS has
previously been defined as a substantial clinical improve-
ment (“completely recovered” or “much improved”) [4]. In
contrast, there are no clear definitions of failure and wors-
ening after surgery. Failure can be defined as unchanged or
worsening of symptoms and worsening as a clear deteriora-
tion of symptoms after treatment [5]. The term “non-
success” includes a small improvement and cannot be clas-
sified as neither failure nor worsening. Hence “non-
success’” and failure are different concepts.

Patients may accept a lack of improvement after surgery,
but worsening, indicating a potentially harmful treatment
effect, is not well tolerated | 5]. Therefore, it is important to
distinguish between these concepts and to define specific
cut-off criteria for both failure and worsening for common
patient-reported outcome measures (PROMs). Such criteria
could be used in patient selection [6] and further research.

In this national spine registry study, we aimed to define
changes in Oswestry Disability Index (ODI) [7], numeric
rating scales (NRS) for back and leg pain, and quality of
life (EQ-5D index) that most accurately described failure
and worsening after operative treatment for LSS.

Method

‘We conducted a retrospective observational study using
prospectively collected data from the Norwegian national
spine registry (NORspine). We report data according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations [8].

Patient population

Eligible were 10,822 patients reported to NORspine, aged
50 years or older, operated for Lumbar Spinal Stenosis in
Norway between January 1, 2007, and April 1, 2017 (Fig. 1).

The NORspine registry

All private and public hospitals that perform spine surgery in
Norway (100 %) report to NORspine, which is a comprehen-
sive clinical registry, currently covering 70 % of all operations
for degenerative spine done in Norway [9]. Patients unable to

give informed consent, with severe psychiatric diagnoses, or
drug problems, as well as patients treated for spinal tumors,
fractures, or primary infections, are not included in NORspine.
At admission for surgery (baseline), patients signed an
informed consent and completed a questionnaire that
included PROMs and questions about the duration of leg
and back pain, socio-demographics, and lifestyle issues.
The surgeon recorded information about the diagnosis, indi-
cation for surgery (radiologic findings and symptoms),
comorbidity, treatment, and perioperative complications on
a standardized form. At 3 and 12 months after the operation,
the patient completed follow-up questionnaires, including
repetitive PROMs. Patients received and returned the 3-
and 12-month follow-up questionnaires directly to NOR-
spine by mail without the treating hospital's involvement.
Non-responders got one reminder questionnaire by mail.

Patient-reported outcome measures (PROMs) and
reference

Oswestry Disability Index (ODI) is a validated measure of
back pain-related disability [7]. It consists of ten guestions
related to activities of daily living, each with five response

Eligible 10,822

8,311 reponders
12 month post
surgery

2,511 non-
responders
12 months post
surgery

53 missing
GPE

8,258 included

in final analyses

Fig. 1. Flowchart showing eligible patients. responders, non-responders.
and those that could not be analyzed due to missing Global Perceived
Effect (GPE) score. 8,258 patients were available for final analyses.
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alternatives ((—5), which are summarized into a percentage
score ranging from 0 (minimal disability) to 100 (bed bound).

The Numeric Rating Scales for back and leg pain range
from 0 (no pain) to 10 (worst imaginable pain). NRS is easy
to use, correlates well with other pain measuring tools, and
is recommended for measuring chronic pain [10,11].

EuroQol-5-Dimension-3-Level (EQ-5D) is a validated
non-disease specific health-related quality of life measure.
Patients report five dimensions: mobility, self-care, the
activity of daily living, pain, and anxiety/depression. Each
dimension is graded by three levels (no, moderate, or severe
problems). The index score varies between minus (0,59 to 1,
0 ("worse than dead” to "perfect health™ [12-14].

At 12-month follow-up, patients also rated their perceived
effect of surgery by a Global Perceived Effect scale (GPE)
[15]. We used GPE as a reference to study PROMs mentioned
above. The seven response altermatives were: 1= completely
recovered, 2= much better, 3= somewhat better, 4= unchanged,
5= somewhat worse, 6= much worse, and 7= worse than ever.
We graded patients who perceived themselves as unchanged or
any degree of worsening (GPE 4-T) as "failures.” Patients who
perceived themselves as “much worse™ or “worse than ever”
(GPE 6 and 7) were grades as “worsening.”

We calculated three different derivates for each of the
PROMS; final score (12 months after surgery), the absolute
change, and the percentage change. We assessed the accu-
racy of these 12 PROM derivates to identify failure and
worsening, using the GPE as an external criterion, as
explained above [16-18].

1491
Statistical analyses

We analyzed differences within or between groups with
student T-test for continuous data (reported as mean, 95%
confidence interval (CI), and mean difference). We used
relative risk (RR) with 95% CI and z-statistics when com-
paring categorical data.

We used Receiver Operating Characteristics (ROC)
curves for each PROM outcome to identify cut-off val-
ves for failure (GPE = 4=7) and worsening (GPE = 6
=T) after LSS surgery. We used the closest point to the
upper left corner of the ROC curve (Fig. 2) to determine
the cut-off with the highest sensitivity and specificity.
We calculated the areas under the respective curves
(AUC) to determine how accurate the PROM derivates
classified the outcomes as failure vs. non-failure and
worsening vs. non-worsening. AUC values and corre-
sponding grades of accuracy were interpreted as follows:
< 0.7 = poor, 0.7 - 0.8 = fair, 0.8 - 0.9 = good, and
20.9 = excellent accuracy [19].

To evaluate the consistency of our results across sub-
groups, we performed ancillary analyses for age, preopera-
tive ODI score quartiles, and type of surgery
(decompression vs. decompression and fusion). We per-
formed the subgroup analysis only for the failure group, as
the worsening group was considered too small. Patients
with a missing variable were excluded only in the analyses
for that missing variable, and we did not perform any
imputation.

Source of the Curve
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Fig. 2. ROC curves for absolute change in ODI, NRS back pain, and NRS leg pain vs. “failure” (GFE 4=7). The oblique blue line demonserates “distance 1o
comer” - a method to identify the highest sensitivity and specificity for each curve. The ROC curves also demonstrate “area under the curve™ (AUC) - a mea-

surement for the accuracy to identify failure.
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We performed statistical analyses using SPSS version
25. (IBM Corp. released in 2017. IBM SPSS Statistics for
Windows, Version 25. Armonk, NY)

Ethical considerations

All patients provided written informed consent before
entering the registry. The study was approved by the Nor-
weglan national research ethics committee (reference:
2017/2157, May 15 2018). The study was conducted in
accordance with the Helsinki declaration [20].

Results

Of 10,822 patients enrolled in the registry, 8311 (77%)
responded at 12 months follow-up. Fifty-three of the res-
ponders (0.6%) did not report the GPE score. Hence, 8,258
were included in the final analyses (Fig. 1).

The overall mean age (95% CI) was 68.0 (67.8-68.1)
years, and 5,690 (53%) were women. Table | shows patient
characteristics at baseline. We found several small, but sta-
tistically significant, differences between the responders
and non-responders. Non-responders were somewhat youn-
ger and more often smokers, single, and disability benefit
receivers, and had more comorbidities (Table 1). Respond-
ers had less pain and disability at baseline, ODI mean dif-
ference (95% CI) was 2.7 points (2.0 to 3.4); p<.001. There
were no relevant differences between the responders and
the non-responders for the remaining patient characteristics
and diagnoses (Appendix Table 1).

Overall, 73 % had MRI findings of central spinal steno-
sis, and 16% had degenerative spondylolisthesis. The main
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laminectomy (12%). Also, 80 % of the surgeries were done
microscopically assisted, and 12% of the patients under-
went an additional fusion procedure. Table 2 shows the
effect of surgery as assessed by ODI, NRS back pain, NRS
leg pain, and EQ-5D derivates: final score, absolute change,
and percentage change.

At 12 months follow-up, the outcomes of 1,683 patients
(209%) were classified as failures according to the GPE
(GPE 4-7) and the outcomes of 476 patients (6%) as wors-
ening (GPE 6=7) (table 3). Table 3 also shows the PROM
derivates with corresponding cut-off values and accuracies
to identify failure and worsening. ODI  percentage
change had the highest accuracy (AUC (95% CI) = 0.89
(0.88—0.90)), with a cut-off value of less than 209, to iden-
tify failure after surgery (sensitivity/specificity: 82%/ 81%)
at 12-months follow-up. An ODI final score of 31 points or
more, and an ODI absolute change of less than & points,
also accurately classified failure.

ODI final score showed excellent accuracy (AUC
(95%CI) = 0.91 (0.90-0.92)) with a cut-off value of more
than 39 points to identify worsening after surgery (sensitiv-
ity/specificity: 83%/ 79%), followed by ODI percentage
change of less than 9% and an ODI absolute change
(improvement) of less than 4 points.

NRS back and leg pain derivates showed good accuracy
identifying both failure and worsening (AUC > 0.80). EQ-
5D final score showed excellent accuracy to identify wors-
ening (AUC=0.290), but EQ-5D absolute change showed
only fair accuracy to identify failure (AUC=0.79).

Ancillary analyses (Appendix Table 2) showed that the
cut-offs for PROM derivates to identify failure did not

surgical techniques were foraminotomy (70%), and change across age quartiles (<25%, 25%-75%, and >75%).

Table 1

Patient characteristics of 10,822 NMorwegian patients, 50 years and older, with surgically treated spinal stenosis (broken down by responders versus non-

responders )

Responders n = 8311 (76,8%)  Non-responders n=2,511(23.2%)
Mean (95% CI) or n (%) Mean (95% CI) or n (%) Mean diff (95%CI) p-value
or Relative Risk (95% CI)

Age 68.3 (63.1 - 63.5) 668 (66.4 - 67_1) 1L5(L1-19) <001
Female 4,335 (52.2%) 1,355 (34.0%) 103 (0,99 - 1.OE) iy
Civil status - single 2,145 (25.9%) TB3(31.4%) 121 (113 - 1.30) R
Norwegian as 1" language 8,014 (96.9%) 2,384 (95.2%) 0.98 (097 - 0.99) <001
ASA®* grade 1 and 2 6,409 (T7.9%) 1.873 (75.5%) 0.97 (095 - 0.99) 015
Body Mass Index 275(274-27.6) 20.7(275-279) 0.2(0.0-04) 45
Smoking 1,521 (18.5%) 664 (26.7%) 1.45(1.34 - L.57) <001
University or college education > 4 years 2,439 (29.3%) 679 (27.04%) 092 (086 - 0.99) 023
Comaorbidity, any 5,228 (69.2%) 1.692 (73 8%) 107 (1.04 - 1.10) <001
Receives Disability benefit 2,368 (28.5%) 902 (35.9%) 126 (118 - 1.34) <001
Previous spinal surgery, any 1,994 (24.3%) 694 (26.1%) 1.07 {099 - 116) A70
Back pain 12 months before surgery 5,851 (T0.4%) 1833 (73.0%) 103 {1.01 - L.OT) 010
Leg pain >12 months before surgery 4,950 (59.6%) 1567 (62.4%) LO5{1.01 - 1.09) Ry
Pre-operative ODI** 39.8(39.5-40.2) 42.6 (419 - 43.2) 27(2.0-34) <001
Pre-operative NRS*** back pain 6.5 (6.5 - 6.6) 6.7 (6.6 - 6.7) 0.1 ¢0.0-10.2) 0.007
Pre-operative NRS leg pain 6.6 (6.5 - 6.6) 6.7 (6.6 - 6.8) 0.1 (0.0 -10.2) 0.015
Pre-operative EQ-5D*+%+ (.38 (0.37 - 0.38) 032 (031 - 0.33) 006 (0.04 - 0.07) <001

Table abbreviations explained: ASA = American Society of Anesthesiologists classification of physical status (1-5). ODI = Oswestry Disability Index (0
=100). NES = Numeric Rating Scale 0-10. EQ-5D = EuroQol 5-Dimension 3-Level.
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Table 2

Effect of surgical treatment for spinal stenosis reported by 8,311 patients at 12 months follow-up.
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FROM Final score Absolute change {improvement) Percentage change (improvement)
Mean 93%C1 Mean 953%CL Mecan 93%CI

(o] 237 233-24.1 16.1 157 = 164 34.8% ITER - 38.8%

NRS back pain R ] 38=-39 27 26=27 37.5% 363% = 38.7%

NRS leg pain EX ] 35=36 3.0 30=31 41.9% 40.5% = 43.3%

EQ-5D index* 0.64 0.64 — 0.63 0.26 026 - 0.27 - -

* Percentage change of the EQ-5D index is not meaningful due to a denominator between -0.6 and 1.0,

Table 3

PROM accuracy to identify failure (GPE=4-T) and worsening (GPE=6—T) 12 months after surgical treatment of spinal stenosis in £.258 patients. An area
under the curve (AUC) > 0.7 indicates acceptable sensitivity and specificity.

Failure (GPE 4-7) n= 1683/8258 (20%)

Worsening (GPE 6-7) n= 47608258 (65%)

Outcomes n Cut-off AUC(95% CI)  sensitivity specificity Cut-off AUC{95%CI) sensitivity  specificity
Disability

0D final score 8220 31 0BT (0.B6-0.88) 0.79 0.78 39 0.91 (0.90-0.92) 083 079
OD1 absolute change 2174 -8 086 (0.86-0.87) 0.78 0.9 -4 086 (0.B5-0.88) 077 079
ODI percentage change 2,161 -20% 089 (0LBE-0.90)  0.82 081 0% 0BT (0.86-0.88) 080 .50
Back Pain

NRS back pain final score 4,174 55 087 (O.86-0.88) 0.79 081 6.5 090 (0.89-0.91) 086 .82
NRS back pain absolute change T.687 -1.5 083 (0.82-0.34) 0,30 0,74 0.5 083 (0.81-0.85) 0,78 77
NRS back pain percentage change 7,573 -21% 085 (D.B4-0086) 0,81 0,77 -12% (.84 (0.82-0.85) 0,82 0,77
Leg Pain

NRS leg pain final score 3067 55 085 (D.B4-0086) 0,73 0.82 6.5 0BT (DB6-0.89) 0,77 082
NRS leg pain absolute change 7518 -135 083 (DLB2-0.84) 077 0,76 0.5 082 (0.81-0.84) 0,72 0,79
NRS leg pain percentage change T398 -24% 085 (0.84-0.36) 0,79 0,78 -13% 0.83(0.82-0.85) 0.80 0,73
Quality of Life*

EQ-5D final score 7008 0.62 086 (0B5-0.87) 077 0,77 053 090 (0.89-0.92) 0,86 0,81
EQ-5D absclute change 6,585 0.06 079078081y 0,71 0,76 0.03 0.81(0.79-0.83) 0,78 074

The final score was the absolute value at 12 months follow up. The absalute change was the final score minus the precperative score (negative values
indicate improvement in ODI and NRS: positive values indicate improvement in EQ-5D). The percentage change was the absolute change divided by the pre-

operative score (negative values indicate improvement in ODI and NRS: positive values indicate improvement in EQ-5D).
* EQ-5D percemage change is not meaningful due to a denominator between -0.6 and 1.0.

However, the cut-offs varied between the quartiles of base-
line ODI scores. For the highest and lowest preoperative
ODI quartiles, an ODI final score of 46 and 19 points,
respectively, indicated failure. The ODI absolute change
and ODI percentage change also displayed considerable dif-
ferences across the highest and lowest quartiles of baseline
ODI score (15 points vs. 2 points and 25% vs. 10%, respec-
tively). At 12 months follow-up, there were no relevant dif-
ferences in follow-up rates (76.7% wvs. 77.6%) and cut-off
values defining failure, comparing those who underwent
decompression vs. those who underwent decompression
and fusion (ODI final scores of 31 vs. 32, absolute ODI
changes of -8 vs. -9, and ODI percentage changes of -20%
vs. =249).

Discussion

In this national spine registry study of Norwegian
patients aged 50 years and older, derivates of Oswestry Dis-
ability Index were the most accurate tools to identify both
failure and worsening after surgery for degenerative lumbar
spinal stenosis. The patients reported a clinically relevant

improvement in ODI, NRS back and leg, and quality of life
(EQ-5D) 12 months after surgery. Of the different ODI
derivates, a post-operative ODI percentage change of less
than 209% (improvement) most accurately classified out-
come as failure. ODI final score was the most accurate deri-
vate to identify worsening, with a cut-off at 39 points.

The NRS back and leg pain derivates also displayed
good accuracy in identifying failure and worsening after
surgery, albeit with lower AUCs, sensitivities, and specific-
ities than the ODI derivates (Table 3). These findings are in
line with previously published data on disc herniations [5].

Surprisingly, EQ-5D final score also displayed excellent
accuracy for the classification of worsening (Table 3). The
other EQ-5D derivates showed lower accuracy. EQ-5D is a
generic instrument designed to assess cost-benefit rather
than the clinical effect of treatment [21].

Previously published data have estimated the minimal
clinically important change (MCIC) for ODI between 8 to
20 points [7, 10, 22-24]. Nerland et al. defined worsening as
an 8-point increase on the ODI scale [25]. We found that
even patients with a minor ODI improvement (cut-off at 4
points, Table 3), can perceive the result as a worsening after
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surgery. This result may be explained by patients being
exhausted due to severe disability and persisting symptoms,
and due to recall bias when patients report GPE 12 months
after surgery [18].

The concept of a patient acceptable symptom status
(PASS) was developed by Van Hoof et al. in 2016 [26].
They estimated a PASS for ODI at 22 points final score
after surgery for degenerative spinal disorders. Austevoll
et al found a cut-off for success after surgery for spinal ste-
nosis at 24 points for ODI final score [4]. As expected, these
values are lower than the 31 points we found for cut-off for
failure, emphasizing that non-success, or not reaching
PASS, is not the same as failure. This means that there is a
grey zone of outcomes between thresholds for non-success
and failure that are difficult to classify [5].

We defined failure with reference to GPE categories of
“unchanged” and any degree of worsening after surgery. In
this cohort, 20 % of patients classified their outcomes after
surgery as failure, and 6 % were worse after surgery. Ner-
land found that 8.7 % of LSS patients reported worsening
after decompression [25]. Previously published data from
the SPORT study described a success rate of 65% after sur-
gical decompression of LSS [27]; however, neither failure
nor worsening were explicitly reported.

In a shared decision-making process before surgery, the
surgeon should inform the patient about the risk of failure
and worsening. A dichotomous outcome may be understood
more easily than a PROM number and can be used to esti-
mate the risk of failure. However, the most intuitive PROM
derivate is probably the ODI final score. because it indicates
if a patient has reached an unfavorable outcome or not.

We expected that cut-off values could vary by age groups
with different expectations and demands concerning physical
performance. However, our findings do not support this
hypothesis (Appendix Table 2). Furthermore, our ancillary
analyses indicated that ODI cut-off values varied with preop-
erative ODI levels, but not with the type of surgery (decom-
pression vs. decompression and fusion). Hence, analyses of
failure and worsening should be performed with adjustment
for the baseline values of the PROMs investigated.

This nation-wide observational spine registry study is
based on prospectively collected data reported by thousands
of patients operated in many hospitals, indicating that data
are robust with high external validity. Previous studies have
shown that the indications for surgery in the Scandinavian
LSS population are similar to those used in the US,
although the surgical techniques may differ between coun-
tries [28,29]. Furthermore, the patient-reported outcomes
after surgery are similar to the results reported in previous
studies [27,28].

Limitations are that NORspine covers about 70% of all
surgeries done in Norway [9], and our loss to follow-up was
23 % at 12 months. Baseline characteristics of responders
and non-responders displayed some statistically significant
differences and could indicate that non-responders would be
at higher risk for inferior outcomes [25,30]. This could

represent a selection bias when evaluating treatment effects.
However, the main purpose of this study was rather to evalu-
ate cut-offs for four common PROMs used to assess the
effect of spinal surgery. Moreover, previous cohort studies
reported similar clinical outcomes for non-responders com-
pared to responders and lost-to-follow-up rates of 12% to
42%. [31,32,33,34]. The authors of one systematic review of
spine register data recommended a follow-up rate of 60%
—80% to ensure sufficient quality in spine registers [35].

Another possible limitation of the NOR. spine spine reg-
ister is that it does not extend beyond 12 months follow-up.
However, several studies have shown that the effect of sur-
gical treatment of the degenerative spine stabilizes after 12
months [27,34,36-38].

Selecting the GPE as an external criterion may have weak-
nesses due to lack of objectivity and potentially a recall bias
[18,39]. However, GPE has been recognized as an acceptable
tool to measure the effect of lumbar degenerative spinal sur-
gery [40] and is a recommended clinical anchor [41].

Finally., our patients underwent different surgical proce-
dures. Still, we found no relevant differences in follow-up
rates and ODI cut-off values defining failure, comparing
those who underwent decompression vs. those who under-
went decompression and fusion.

Despite these limitations, the authors believe that our
cut-off criteria for failure and worsening may facilitate clin-
ical guidance and be used as a common language in future
research on the effects of surgical treatment of the degener-
ative spine.

Conclusions

In this national spine registry study, ODI derivates were
most accurate to identify both failure and worsening after
surgery for degenerative lumbar spinal stenosis. We found
that less than 20% improvement in ODI most accurately
identified failure and that an QDI final score of 39 points, or
more, most accurately identified worsening. We recom-
mend using ODI percentage change and ODI final score for
further studies of failure and worsening after spine surgery.
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Appendix Table 1
Diagnosis and treatment for 10,822 Norwegian patients, 50 years and older, with surgically treated spinal stenosis (broken down by responders versus non-
responders)
Responders n = 8311 Non-responders n = 2,511 Relative Risk (95% CI) p-value
Diagnoses
Central spinal stenosis 6,081 (73.2%) 1.825 (72.7%) 0.99 (0.97-1.02) 631
Lateral spinal stenosis. 4,569 (55.0%) 1,428 (56.95%) 1.03 (0.99-1.08) a1
Disc herniation 460 (5.5%) 140 (5.6%) 101 (0.84-1.21) 038
Degenerative disk 1,304 {15.7%) 426 (17.0%) 1.08 (0.98-1.19) 125
Foraminal stenosis #74(10.5%) 260 (10.4%) 0.98 (0.86-1.12) 17
Spondylolisthesis, degenerative 1,334 (16.1%) 43T (17.4%) 108 (0.98-1.200 107
Synowial cyst 199 {2.4%) 61 (2.4%) 101 (0.76-1.35) 920
Degenerative scoliosis 354 (4.3%) 106 (4.2%) 0,99 (0.80-1.23) 034
Pseudomeningocele 0 (0%) 0 (0%) - -
Spondylolysis 0 {0%) 0 (0%) - -
Treatment
Decompression with microscope 6,577 (T9.1%) 2,102 (83.7%) 105 (1.04-1.08) <.001
Decompression with fusion 1022 (12.3%) 295(11.7%) 0.96 (0.85-1.07) AR2
Complication(s) peri-operatively 486 (5.85%) 171 (6.8%) 116 (0.98-1.38) 076
Operated > 1 level 3,129(38.0%) HEE (35.7%) 0.94 (0.88-1.000 0
Appendix Table 2
ODI cut-off values with corresponding AUCs indicating the highest accuracy to identify failure, broken down by quarntiles of pre-operative ODI and age.
Subgroups ODI final score (AUC) 0DI absolute change (AUC) ODI % change (AUC)
Pre-op ODI =51.1 46 (0.89) -16 (0.89) -27% (0.8
Pre-op ODI 28 9-51,1 32 (0.5 -5 (0.9 -20% (0.90)
Pre-op ODI <289 19 (0.87) -2 (0907 5% (0.90)
Age 274 31 (0.84) -B (0.84) -20% (0.8T)
Age 62 =73 29 (0.88) & {0.8%) 21% (0.90)
Age <6l 29 (0.88) 6 {0.8%) -17% (0.90)
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Abstract

Study design Retrospective cohort study.

Objective Incidental dural (ID) tear is a common complication of spine surgery with a prevalence of 4-10%. The association
between ID and clinical outcome is uncertain. Former studies found only minor differences in Oswestry Disability Index
(ODI). We aimed to examine the association of ID with treatment failure after surgery for lumbar spinal stenosis (LS5).
Methods Between 2007 and 2017, 11,873 LSS patients reported to the national Norwegian spine registry (NORspine), and
8.919 (75.1%) completed the 12-month follow-up. We used multivariate logistic regression to study the association between
ID and failure after surgery, defined as no effect or any degrees of worsening; we also compared mean ODI between those
who suffered a perioperative ID and those who did not.

Results The mean (95% CI) age was 66.6 (66.4-66.9) years, and 52% were females. The mean (95% CI) preoperative ODI
score (95% CI) was 39.8 (39.4—40.1); all patients were operated on with decompression, and 1125 (12.6%) had an addi-
tional fusion procedure. The prevalence of 1D was 4.9% (439/8919), and the prevalence of failure was 20.6% (1829/8919).
Unadjusted odds ratio (OR) (95% CI) for failure for ID was 1.51 (1.22-1.88); p < 0.001, adjusted OR (95% CI} was 1.44
(1.11-1.86); p=0.002. Mean postoperative ODI 12 months after surgery was 27.9 for ID vs. 23.6 for no 1D.

Conclusion We demonstrated a significant association between 1D and increased odds for patient-reported failure 12 months
after surgery. However, the magnitude of the detrimental effect of [D on the clinical outcome was small.

Keywords Dwural tear - Failure - Worsening - Spine registry - Lumbar spinal stenosis

Introduction spinal stenosis surgery ranges from 4 to 10% [7, 8, 14, 24,

29, 31], and ID is associated with an increased risk for neu-
Incidental durotomy (ID) is the most common perioperative rological deficit, revision surgery, longer hospital stay, and
complication of spinal surgery. A dural tear usually leads increased treatment costs [7, 14, 30]. However, the effect
to cerebrospinal fluid leakage (CSF), and nerve filaments of ID on clinical outcomes is debated, and previously pub-
may erupt and become damaged. The prevalence of ID in lished data is somewhat conflicting. A systematic review
found minor differences in Oswestry Disability Index (ODI)
scores between patients with and without ID [5]. Interpreting
This article is part of the Topical Collection on Spine degenerative. differences in patient-reported outcome measures (PROMs)
between groups may be challenging, and few studies have
used dichotomous endpoints. However, two register stud-
ies reported dichotomous patient satisfaction and found that
' Innlandet Hospital Trust, Brumunddal, Norway patients who suffered an ID were less satisfied despite minor

' Akershus University Hospital, Nordbyhagen, Norway differences in PROM scores [14, 29].
3 Factors such as previous surgery may confound the effect

¥:'J;"wd;g:;k%nmty of Science and Technalogy, of ID on outcome measures by affecting both the risk for ID
and the clinical outcome. However, confounding factors are
not always adjusted for in studies of ID.
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The aim of this retrospective observational study on pro-
spectively collected national spine register data was to assess
the association between ID and failure and worsening after
surgery for lumbar spinal stenosis (LSS).

Methods

This retrospective study on prospectively collected data
included adult patients operated on for lumbar spinal ste-
nosis (LSS) between 2007 and 2017 in Norway. Patients
were included in the Norwegian Registry of Spine Sur-
gery (NORspine), a comprehensive national registry for
quality control and research. The coverage is 70%, and
the 12-month loss to follow-up is 26% [27]. The registra-
tion includes informed consent and patient and surgeon-
reported data.

Before surgery, patients report symptoms of their spinal
disease by standardized PROMs and general health status,
quality of life, and sociceconomic status. Immediately after
surgery, surgeons report details concerning the spinal diag-
nosis, relevant comorbidities, and surgical details, including
any perioperative complications. Three months after sur-
gery, patients report directly to NORspine by regular mail
on the effect of surgery by common PROMs. The PROMs
are the Norwegian translation of the Oswestry Disability
Index (ODI), a pain-related disability score ranging from 0
(no impairment) to 100 (bedbound) [10, 11, 13], Numeri-
cal Rating Scale (NRS) for back and leg pain (ranging
from 0 =no pain to 10=worst pain imaginable) [19], and
global perceived effect (GPE) scale — a seven-step transi-
tion scale (1 = completely recovered, 2 = much improved,
3 =somewhat improved, 4 =unchanged, 5= somewhat
worse, 6=much worse, 7=worse than ever) [17]. Patients
also report any postoperative complications at 3 months.
Finally, 12 months after surgery, patients repeatedly grade
the effect of surgery on their symptoms by the PROMs men-
tioned above.

Primary outcome Failure was defined as patients who per-
ceived themselves as unchanged or any degree of worse after
surgery (GPE 4-7). Worsening was defined as patients who
perceived themselves as “much worse” or “woarse than ever™
after surgery (GPE 6-7).

Secondary outcomes Failure and worsening were also
defined by cutoffs for ODI final score, ODI absolute differ-
ence (postoperative minus preoperative), and ODI percent-
age change according to previously published definitions [2].
The ODI cutoffs for failure used in this study were ODI final
score > 31, ODI absolute improvement < 8 points, and QDI
percentage change < 20%. The corresponding cutoffs used to
define worsening were ODI final score > 39, ODI absolute
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improvement < 4 points, and ODI percentage change < 9%
[2]. We also used mean ODI final score to assess the impact
of ID on patient-reported outcomes after surgery and mean
NRS leg as an indirect measure of the association between
ID and neurologic symptoms after surgery. Finally, we reg-
istered the length of hospital stay and patient-reported post-
operative complications.

Statistics

Descriptive statistics The study population was described
using means (95% Cls) for continuous data and numbers and
proportions for categorical data.

Primary outcome To estimate the association between ID
and clinical outcomes, we used multiple logistic regression
with failure and worsening (defined by GPE) as dependent
variables, ID (yes/no), and potential confounders as inde-
pendent variables. Based on previously published data, we
adjusted the primary analysis by the following potential con-
founders: age, gender, BMI, smoking, ASA (dichotomized as
grades 1 and 2 vs. grades 3. 4, and 5), preoperative PROMs,
duration of leg pain before surgery, previous surgery (at the
same lumbar level), multilevel surgery, and fusion (in addi-
tion to decompression) [1, 4, 21, 22]. The potential con-
founders were decided a priori and not by statistical testing.
We provide unadjusted and adjusted estimates for odds ratios
(OR) with 95% Cls.

Secondary outcomes To examine the secondary outcomes,
we repeated the regression analysis using the different
dichotomous outcomes (ODI final score, ODI absolute
change, and ODI percentage change). To quantify the asso-
ciation between ID and the mean ODI final score and NRS
leg pain score, we used multiple linear regression with ODI
final score and NRS leg pain as dependent variables, adjust-
ing for the aforementioned possible confounders. We also
analyzed the association between ID and length of hospital
stay and patient-reported postoperative complications, using
multiple linear regression and multiple logistic regression,
adjusting for possible confounders. We did not impute any
missing data.

We used SPSS, version 26 (IBM Corp., Armonk, NY,
USA) for the statistical analyses.

Ethics Participation in NORspine is voluntary and presumes
written consent. The study was also approved by The Nor-
wegian Regional Committee for medical and health research
ethics (2017/2157). The study was conducted in accordance
with the Helsinki declaration, and we have reported the
results in line with the STROBE guidelines.
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Results

We identified 11,873 NORspine patients operated for LSS
during 10 years (January 2007 to April 2017). A total of 8863
(74.6%) patients completed the 3-month follow-up, and 8919
(75.1%) responded 12 months after surgery. The mean (95%
CI) age of the study population was 66.6 (66.4-66.9) years,
and 4384 (52%) were females. The mean (95% CI) preopera-
tive ODI was 39.8 (39.4-40.1). All patients were operated
on with decompression, and 1125 (12.6%) had an additional
fusion procedure. Patient characteristics and baseline data for
PROMS are shown in Table 1. Table | also shows that 1829
(20.6%) reported a GPE score corresponding to failure, and
521 (5.9%) reported a GPE corresponding to worsening after
surgery. Surgeons reported incidental durotomy in 439 cases
(4.9%).

A total of 1708 (20.3%) patients without ID perceived
treatment as failure, compared to 121 (27.8%) patients

with ID. A total of 480 (5.7%) patients without ID reported
worsening, compared to 41 (9.4%) patients with ID.
Compared to patients with no perioperative 1D, patients
who suffered an ID more often reported failure (adjusted
OR. (95% CI) 1.45 (1.12-1.87); p=0.005) and worsen-
ing (adjusted OR (95% CI) 1.50 (1.01-2.23); p=0.045
(Table 2). Patients who suffered an ID during spinal sur-
gery more often reported failure and worsening assessed
by other outcome measures (Table 3).

Patients who suffered an ID during surgery reported
lower ODI 12 months after surgery than those who did
not suffer an 1D (23.6 (23.3-24.0)) vs. 27.9 (26.2-29.6).
This difference remained significant after adjusting for
possible confounders (beta (95% CI) = 2.29 (0.58-4.00);
p=0.009) (Tables 1 and 4; Appendix Table 7). Also,
patients who suffered an ID reported more leg pain after
surgery compared to patients without ID: mean NRS leg
pain was 4.2 (3.9-4.5) vs. 3.5 (3.5-3.6); this difference

Table 1 Patient characteristics
and clinical outcome for 8908
Morwegian patients with
surgically treated lumbar spinal

No incidental dural tear
(n=8427)
Mean (95% CI) or n (%)

Incidental dural tear (n=436)
Mean (95% CI) or n (%)

stenosis and completed the Age

12-menth follow-up, broken

dowa by no incidental dural tear LS gEnder
Civil status, single

and incidental dural tear
Morwegian as st language
ASA (grade 3 w 5)*
Body mass index
Smoking
University or college education
Receives disability benefit

Previous spinal surgery (same level)
Leg pain > 12 months before surgery

Additional fusion (any type)
Preoperative QDI+
Preoperative NRS leg pain®*#
Preoperative NRS back pain®**
Preoperative EQ-5D####

More than one level operated

Failure 12 months (missing 56)%**#*

Worsening 12 months (missing 56 )=*#*+*

0D final score
Length of stay (days)

Postoperative complications, any (n=8882)

66.5 (66.3-66.7) 69.2 (68.2-70.1)
4384 (51.7%) 260 (59.2%)
2164 (25.5%) 118 (26.9%)
8201 (96.7%) 421 (95.9%)
1732 (20.7%) 108 (24.7%)
27.5(27.4-27.6) 278 (274-28.4)
1629 (19.4%) 68 (15.6%)
2506 (29.6%) 120(27.3%)
1198 (14.1%) 67 (15.3%)
1133 (13.5%) 100 (23.1%)
5023 (64.2%) 261 (65.3%)
1050 (12.4%) T5(17.1%)

39.6 (39.3-40.0) 42.1 (40.6-43.6)
6.56 (6.51-6.61) 6.68 (6.45-6.90)
6.49 (6.44-6.54) 6.70 (6.49-6.92)
0.377 (0.370-0.384) 0.355 (0.323-0.388)
3024 (36.0%) 231 (53.2%)
1708 (20.3%) 121 (27.8%)

480 (5.7%) 41 (9.4%)
23.6(23.3-24.0) 279 (26.2-29.6)
331 (3.24-339) 5.68 (5.17-6.20)
1154 (13.7%) 105 (23.3%)

" American Society of Anesthesiologists classification (1-5), increasing for worse health
""Oswestry Disability Index (0-100), increasing for increasing disability

Numeric Rating Scale (0-10), increasing for increasing pain

EuroQol's quality of life (- 0.60 to 1.00), increasing for better quality of life
Defined as global perceived effect (GPE) 4454647 (unchanged or any degree of worsening) at

12 months
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Defined as globul perceived effect (GPE) 64 7 (“much worse” or “worse than ever™) at 12 months
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Table 2 Multiple logistic

regression tsing “failure™ and WVariables Failure Worsening

“warsening™** at 12-month OR (95% CI) pvalue  OR (95% CI) p-value

follow-up as the dependent

variable and dural tear and Dural tear LAS(112-1.87)  0.005 150 (1.01-223)  0.045

potential confounders as Age LO0(LO0-101) 0312 100 (099-101)  0.547

peAres Gender (female) 0.88 (0.78-1.00)  0.043 0.97 (0.78-1.20)  0.769
Body mass index (cont) LOL(LO0-1.03)  0.028 100 (0.97-102)  0.659
Smoking LAL(1.22-1.64) 0,000 153 (0.93-1.54)  0.001
ASA (3444 5)%= L13(097-131) 0125 120 (0.94-154)  0.153
Preoperative ODI (conty*=++ LO1(1.01-1.02) 0,000 LO3 (L02-1.04)  0.000
Preoperative NRS leg pain®+++# 0.93 (0.89-0.96)  0.000 0.96 (0.90-1.02)  0.202
Preoperative NRS back pain®* s+ LI0(1L05-1.14)  0.000 L1S(L07-124)  0.000
Duration leg pain > 12 months 163 (1.43-1.87)  0.000 154(1.22-194)  0.000
Former surgery at same level 192 (1.64-2.26) 0,000 L79(1.38-231)  0.000
More than one level operated 0.90(0.79-1.02)  0.002 093 (0.74-1.15) 0,490
Additional fusion, any type 0.62 (0.51-0.75)  0.000 061 (0.43-0.85)  0.003

"Defined as global perceived effect (GPE) 4-7 (unchanged or any degree of worsening) at 12 months
""Defined as global perceived effect (GPE) 6+ 7 (“much worse™ or “worse than ever™) at 12 months
""" American Society of Anesthesiologists classification (1-5) (grades 3 to 5)

Oswestry Disability Index (0—100), increasing for increasing disability

Table 3 Associations between

. Clinical outcome, dichotomized
dural tear and various

dichotomous clinical outcomes
in repeated multiple logistic
regression analyses, adjusted
for the same variables as in

the main model (Table 2),
displaying only the main results
{effects of dural tear)

GPE

0DI final score (12 months)

ODI absolute difference

0ODI percentage difference

OR (95% CI)
Failure (GPE 4-7)* 1.45(1.12-1.8T)
Worsening (GPE 64 7)** 1.50(1.01-223)
failure (ODI > 31)*** 1.29 (1.00-1.67)
worsening (ODI> 39)*#* 1.43(1.08-1.88)

Failure (<8 points improvement)*** 1.15(0.91-1.4T)
1.28 (1.00-1.65)
117 (0.93-1.49)

1.25(0.96-1.61)

Worsening (<4 points improvement)***
Failure (< 20% improvement)***
Worsening (< 9% improvement)®**

"Global perceived effect scale 4-7 (unchanged or any degree of worsening)
""Global perceived effect scale 6+ 7 (“much worse™ or “worse than ever”)

Table 4 Linear regression analyses displaying the effect of dural tear
on “length of stay.” “0DI final score,” and “NRS leg pain,” adjusted
for the same potential confounders as Table 2, displaying only the
main results (see Appendix Tables 7. 8, and 9 for complete results)

Variable Beta 95% CI p-value
Length of stay* 1.58 1.25-1.92 0.000
0DI final score®* 229 0.58-4.00 0.009
NRS leg pain**# 06 (0.3-0.9) 0.000

"Length of stay, days
"Oswestry Disability Index (0-100), increasing for increasing dis-
ability

Mumeric Rating Scale (0-10), increasing for increasing leg pain
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Oswestry Disability Index (ODI) cutoffs selected from previous published study (15)

remained significant after adjusting for confounders (beta
(95% CI) of 0.6 (0.3-0.9); p<0.001) (Table 4; Appen-
dix Table 8). Patients with ID had longer hospital stays
than patients without ID (mean (95% CI) 5.7(5.2-6.2) vs.
3.3 (3.2-3.4) (Table 1). This difference remained signifi-
cant after adjusting for confounders (beta (95% CI) 1.58
(1.25-1.92) days; p < 0.001 (Table 4; Appendix Table 9).

Among respondents at a 3-month follow-up, 1259
(14.2%) patients reported any postoperative complica-
tion. The corresponding numbers for patients without 1D
were 1154 (13.7%), and for patients with ID, 105 (23.3%)
(Table 1). The multiple logistic regression showed that
patients with ID had increased odds of urinary tract infec-
tion (UTI) after surgery (OR (95% CI) 2.42 (1.53-2.73);
p<0.001). However, the odds for other postoperative
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Table 5 Main results from multiple logistic regression analyses
showing odds ratios for the association between incidental dural
tear and postoperative complications, n=38882 (patients answered at
3-month follow-up). adjusted for the same potential confounders as
in Table 2

OR 95% CI p-value
Postoperative complications, in total 142 0.96-2.10  0.078
Infection, superficial 045  014-147 0187
Infection, deep 062 078491 0.650
Deep venous thrombosis 000 0.00— 0.995
Pulmaonary embolism 000 0.00— 0.996
Preumonia 062 015269 0527
Urinary tract infection 242 153173 0000
Micturition prablems 146 078273 0232

All postoperative complications are patient reported only; there is no
medical confirmation of the postoperative complications in the NOR-
spine registry

Table 6 Multiple logistic regression displaying the effect of the
potential confounders on the odds for dural wear

Variables OR (95% CI) p-value
Age 102(1.01-1.04) 0000
Gender (female) 136(1.08-1.72) 0010
Body mass index (cont) 1.02 ¢ 1.00-1.05) 0.075
Smoking 093 (0.68-1.27) 0652
ASA (34445 1LO8(0.82-1.43) 0567
Preoperative ODI (cont)** 1.01 (1.00-1.02) 0.159
Preoperative NRS leg pain**# 098 (0.92-1.04) 0425
Preoperative NRS back pain®** 1.02(095-1.09) 0616
Duration leg pain > 12 months 092 (0.73-1.16) 0458
Former surgery at same level 194 (1.48-2.54) (.00
More than one level operated 184 (1.47-231) 0.000
Additional fusion 1.12(0.82-1.53) 0476

* American Society of Anesthesiologists (ASA) classification (1-5)
(grade 3 to 5)

“"Oswestry Disability Index (0-100), increasing for increasing dis-
ability

" Numeric Rating Scale (0-10), increasing for increasing pain

complications were not increased for patients with ID
(Table 5).

We found that the following covariates affected the
odds for failure (GPE 4-7) and worsening (GPE 6-7) after
surgery for lumbar stenosis: gender, BMI, preoperative
PROMs, preoperative duration of leg pain, former surgery
at the same lumbar level, a fusion procedure, and smok-
ing (Table 2). Table 6 displays possible risk factors for
ID: age, gender (female), former surgery, and multilevel
operations increased the odds of ID.
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Discussion

Main findings This retrospective study on prospectively
collected data from a nationwide register of nearly nine
thousand patients operated for lumbar spinal stenosis dem-
onstrated a significant association between incidental dural
tear (ID) and increased odds for patient-reported failure and
worsening 12 months after surgery. However, the magnitude
of the detrimental effect of ID on the outcome of spinal sur-
gery was small. The main finding was supported by analy-
ses of secondary endpoints, including using different PROM
derivates that defined treatment failure and worsening after
surgical treatment of lumbar spinal stenosis.

A dural tear may vary from a small partial puncture of
the dura, with an intact arachnoidea, to a large defect with
gross leakage of cerebrospinal fluid (CSF) and damaged
nerve filaments. Also, the repair of the dural tear may vary
from a waterproof dural suture to an incomplete repair with
continuous leakage of CSF. A surgical repair of a dural tear
may also potentially traumatize nerve filaments. Clinical
outcomes are expected to differ between the extremes men-
tioned above of dural tear and repair; however, NORspine
data on IDs do not differentiate between different grades of
ID or various surgical repairs. We cannot rule out that the
increased risk for failure and worsening associated with 1D
may be attributed to the most severe IDs and incomplete
repairs.

Several studies have reported minor detrimental effects of
ID on PROMSs, with uncertain clinical importance effect sizes
[5, 8, 16, 25, 28, 29]. One large register study from Sweden
[29] found only a minor increase in postoperative ODI asso-
ciated with ID but still a significantly inferior patient satis-
faction (a categorical variable) associated with ID. Similarly,
a Tango spine register study found no effect of ID on core
outcome measure index (COMI) scores but a trend toward
lesser patient-reported satisfaction among patients with an
ID [14]. Small to moderate between-groups differences in
proportions of failures are often associated with only minor
differences in absolute PROM scores. Our partly conflict-
ing results between dichotomous and continuous outcome
measures reflect the small effect ID has on ODI scores and
are in line with the studies mentioned above. This illustrates
the importance of using categorized outcomes in addition to
mean PROM values. Categorized outcomes are also empha-
sized in a review article on clinical important change [18].

Secondary outcomes Patients who suffered a dural tear
needed longer hospitalization, a finding consistent with
previously published data [7, 8, 14]. Current practice is to
advise (one or) a few days of bed rest after IDs with CSF
leakage. especially when patients report spinal headaches.
Bedrest after IDs may be a primary reason for prolonged
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hospitalization. Observation, further diagnostic tests, and
reoperations may explain the prolonged stay in patients with
IDs.

In this (cohort) study, IDs were associated with increased
odds of postoperative urinary tract infection, however not for
other patient-reported postoperative complications. Previous
studies have shown that IDs may be associated with increased
risk for other postoperative complications such as wound infec-
tions, neural deficits, postoperative delifium, and perioperative
blood loss [7, 8, 30]. NORspine records patient-recorded com-
plications at 3 months after surgery. Patients may define com-
plications differently from health care personnel. The NORspine
design and complication recording probably explain the differ-
ence between our findings and previously published data on the
impact of ID on postoperative complications.

This study was specifically designed to assess the effect of
1D on the odds of failure and worsening after surgical treat-
ment of lumbar stenosis. However, as presented in Table 2,
other baseline variables such as preoperative ODI, duration
of leg pain, and previous lumbar surgery also affected the
odds of fallure and worsening — in line with previous stud-
ies [1, 22]. However, our study was not designed to numeri-
cally assess the predictors for failure and worsening. Our
finding of increased odds for ID with increasing age and
previous surgery is also in line with an earlier Tango register
study [14].

Limitations NORspine data do not differentiate between
different grades of ID or different managements of ID. This
may obscure essential factors that may affect the impact of
ID on clinical outcome. Furthermore, surgeons are likely
to underreport dural tears. In a former validation study
of NORspine data against electronic patient records, the
authors demonstrated a sensitivity of 40% for the actual
reporting of perioperative complications [3]. Underreporting
of complications has been shown in other registers [20, 23]
and could have affected conclusions regarding the impact
of ID on clinical outcomes in other studies. Although the
NORspine frequency of IDs (4.9%) is comparable to some
reports [7, 8, 14, 24, 29, 31], it is inferior to the prevalence
of IDs (9—11%) in two large RCTs on similar patient groups
[6, 12]. The underreporting of ID may contribute to under-
estimating the effect of ID on clinical outcome.

ID may lead to neurological damage. NORspine does not
record postoperative neurological sequelae or liquorrhea.
However, we used NRS leg pain as a surrogate variable to
assess neurological sequelae.

Furthermore, postoperative complications registered in
NORspine are only reported by patients 3 months after sur-
gery, and this register design may miss some postoperative
complications. Postoperative complications may have been
treated at different medical centers or in primary care, and
complete complication data are unavailable in NORspine.
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At 12 months after surgery, NORspine demonstrates a
loss to follow-up of 26% [27]. According to former valida-
tion studies of medical registers, loss to follow-up does not
systematically bias clinical outcomes [9, 15, 26]. One of
these studies [26] specifically examined the impact of loss
to follow-up in the NORspine registry.

Our choice of GPE as the primary outcome can be dis-
cussed. GPE may be susceptible to recall bias. However,
GPE has shown excellent test re-test reliability in studies of
musculoskeletal disorders [17].

Conclusion

This prospective nationwide spine register study found that
incidental dural tear was associated with increased odds
of patient-reported failure and worsening after surgery
for lumbar spinal stenosis. The detrimental association to
the clinical outcome was small and could be attributed to
the most severe dural tears. Incidental dural tear was also
associated with increased length of stay.

Appendix

Table 7 Quantifying the association between dural tear and final
ODI seore using multiple linear regression, “ODI 12 months™ as the
dependent variable, and dural tear and potential confounders as inde-
pendent variables

Variables B(95% CI) p-value
Dwural tear 229 (058 w 4.00) 0.00%
Age 0.05(0.01 to 0.08) 0.019
Gender (female) 1.05 (0.29 to 1.81) 0.007
Body muss index (cont) 028 (0.19 o 0.36) 0.000
Smoking 3156261 w 4.51) 0.050
ASA (3444+5)* 280(183w377) 0.000
Preoperative ODI (cont)** 050 (047 o 0.53) 0.000
Preoperative NRS leg pain*** =080 (= 1.0210=0.59) 0.000
Preoperative MRS back pain*** 089 (0.66 0o 1.11) 0.000
Duration leg painz» 12 months  4.98 (4.21 to 5.74) 0.000
Former surgery at same level 6.40 (533 1o 7.46) 0.000
Mare than one level operated 0 (-082w073) 097

Additional fusion =252(=3651w0-139) 0.000

“American Society of Anesthesiologists (ASA) classification (1-5)
(grades 3 to 5)

""Oswestry Disability Index (0-100), increasing for increasing dis-
ahility

"""Numeric Rating Scale ((-10), increasing for increasing pain
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Table 8 Quantifying the association between dural tear and NRS leg
pain score using multiple linear regression, “NRS leg pain” as the
dependent variable, and dural tear and potential confounders as inde-
pendent variables

Variables B(95% CI) p-value
Dural tear 0.57 (0.26 to 0.89) 0.000
Age 0.01(00 to 0.02) 0,023
Gender (female) 0.62 (=08 1o 0.20) 0477
Body mass index (cont) 0.03 (0.02 1o 0.05) 0.000
Smoking 0.44 0.28 10 0.62) 0.000
ASA (3444 5)* 0.28 (0,11 1o 0.46) 0,000
Preoperative QDI (con)** 0.03 (0.02 1o 0.03) 0.000
Preoperative NRS leg pain*** 0.1 (0.08 1o 0.15) 0.000
Preoperative NRS back pain®***  0.11 (0.07 o 0.15) 0,000
Duration leg pain> 12 months  0.79 (0.65 10 0.93) 0.000
Former surgery at same level 094 (0.75 1w 1.13) 0.000
More than one level operated =13 (=027 w001} 0078

Additional fusion =0.62 (=0.83 to=042) 0.000

"American Society of Anesthesiologists (ASA) classification (1-5)
(grade 3 to 5)

“"Oswestry Disability Index (0-100), increasing for increasing dis-
ability

Numeric Rating Scale (0-10), increasing for increasing pain

Table 9 Quantifying the association between dural tear and length of
stay, using multiple linear regression, “length of stay™ as the depend-
ent variable, and dural tear and potential confounders as independent

variables

Variables B(95% CI) p-value
Dural tear 1.58 (12510 1.92) 0.000
Age 0.03(0.02 o 0.04) 0.000
Gender (female) 050 (035 to 0.64) 0.000
Body mass index (cont) 0.02 (0.00 w 0.04) 0.000
Smoking =0.16 (= 0.35 1w 0.03)  0.090
ASA (3+445)* 0.35 (0,17 to 0.54) 0.000
Preoperative QDI (con)** 0.03 (0.02 w 0.02) 0.000
Preoperative NRS leg pain*** <007 (=0.120=0.3) 0001
Preoperative NRS back pain®** 0 =01 (=0.04 t0 0.05) 0,691
Duration leg pain > 12 months 025 (0,10 1o 0.40) 0.001
Former surgery at same level 0.22 (0.01 to 0.43) 0.042
More than one level operated 081 (065 to 0.96) 0.000
Additional fusion 354331 3.76) 0.000

"American Socicty of Anesthesiologists (ASA) classification (1-5)
{grade 3 to 5)

“"Oswestry Disability Index (0-100), increasing for increasing dis-
ahility

Numeric Rating Scale (0-10), increasing for increasing pain
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BACKGROUNDVCONTEXT: Some patients do not improve after surgery for lumbar spinal
stenosis (LSS), and surgical treatment implies a risk for complications and deterioration.
Patient selection is of paramount importance to improve the overall clinical results and identi-
fving predictive factors for failure is central in this work.

PURPOSE: We aimed to explore predictive factors for failure and worsening after surgery for
LSS,

STUDY DESIGN /SETTING: Retrospective observational stiudy on prospectively collected data
fram a national spine registry with a 12-month follow-up.

PATIENT SAMPLE: We analyzed 11,873 patients operated for LSS between 2007 and 2017 in
Norway, included in the Norwegian registry for spine surgery (NORspine). Twelve months after
surgery, 8919 (75.1%) had responded.

OQUTCOME MEASURES: Oswestry Disability Index (ODI) 12 months after surgery.
METHODS: Predictors were assessed with uni- and multivariate logistic regression, using back-
ward conditional stepwise selection and a significance level of 0.01. Failure (ODI>31) and worsen-
ing (ODI>39) were used as dependent variables.

RESULTS: Mean (95%CI) age was 66.6 (66.4—66.9) years, and 52.1% were females. The mean
(95%CI) preoperative ODI score was 39.8 (39.4—40.1). All patients had decompression, and
1494 (12.6%) had an additional fusion procedure. Twelve months after surgery, the mean
{95%CI) ODI score was 23.9 (23.5—24.2), and 2950 patients (33.2%) were classified as fail-
ures and 1921 (21.6%) as worse. The sirongest prediciors for failure were duration of back
pain > 12 months (OR [95%CI]=2.24 [1.93-2.60]; p<.001), former spinal surgery (OR
[95%CI)=2.21 [1.94—252]; p<.001) and age>T0 years (OR (95%CI)=197 (1.69—2.30);
p<.001). Socioeconomic variables increased the odds of failure (ORs between 1.36 and 1.62).
The strongest predictors for worsening were former spinal surgery (OR [95%CI]=2.04 [1.77
—2.36]; p<.001), duration of back pain =12 months (OR [95%CI]=1.83 [1.45—2.32]; p<001)
and age =70 years (OR [95%CI=1.79 [149-2.14]; p<.001). Socioeconomic variables
increased the odds of worsening (ORs between 1.33—1.67).

CONCLUSIONS: After surgery for LSS, 33% of the patients reported failure, and 22% reporied
worsening as assessed by ODL Preoperative duration of back pain for longer than 12 months, for-
mer spinal surgery, and age above 70 years were the strongest predictors for increased odds of
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Introduction

Lumbar spinal stenosis (LSS} is a common condition and
represents an increasing burden for our health care system.
Surgical treatment for LSS is a good option for patients fail-
ing nonoperative care [ —6].

Although the results after surgical treatment can vary,
many studies report good results in 62%—75% of patients
[7—13]. Furthermore, even though the surgical techniques
constantly develop toward less invasiveness, the clinical
results seem stable [7,14].

Of note, surgery also implies a risk for complications
and deterioration, which underlines the importance of
proper patient selection for surgery. It is tempting to con-
sider a clinician’s experience and judgment as the best pre-
requisite to selecting suitable patients for surgery.
However, complex and subtle clinical pictures are difficult
to perceive, and expert surgeons may overestimate the ben-
efit of surgery and underestimate the risk of unfavorable
outcomes [ 15]. Furthermore, risk factors may be positively
or negatively associated with results, interact, and be sub-
ject to confounding. It may be challenging to overview a
range of predictors in a clinical setting and assess their com-
bined clinical relevance. However, previous studies have
shown that a combined set of predictors perform better than
one single in predicting outcomes and that predictors are
superior to clinical judgment. Hence predictor analyses are
central for informing and improving patient selection and
clinical decision-making before surgery [16—19].

Many patients seem to understand the uncertainty
regarding clinical outcomes and that not everybody
improves. The risk of getting worse may be harder to
accept. Former predictor studies are based on different data-
bases (mandatory registers, voluntary registers, or a few
treating centers) and include different variables or defini-
tions of variables. Hence, the results are not necessarily
transferable to other settings. Some former studies focus on
improvement rather than failure or worsening. Risk assess-
ment concerning unfavorable outcomes is crucial for
informing patients and making clinical decisions and could
aid in reducing the adverse effects of spine surgery [20].

We aimed to explore predictors for failure and worsen-
ing after surgery for LSS in a national comprehensive spine

registry.

Material/method

This retrospective study on prospectively collected data
includes adult patients operated on for lumbar spinal steno-
sis (LSS) between 2007 and 2017 in Norway. The

Norwegian registry for spine surgery (NORspine) is a man-
datory register with a coverage of 70% at the case level and
100% at the surgical unit level [21]. The registration pro-
cess includes a preoperative form on socio-economical
items and standard PROM:s filled by the patients at admis-
sion for surgery (baseline). The surgeon fills out one post-
operative form on diagnosis and surgical details. The
patients complete two follow-up forms, one at three months
and one at 12 months. They include common PROMs and a
global perceived effect (GPE) transition scale. The PROMs
are the Norwegian translation of the Oswestry Disability
Index (ODI). a pain-related disability score ranging from 0
(no impairment) to 100 (bedbound) [22—23], and Numeri-
cal Rating Scales (NRS) for back and leg pain (ranging
from () = no pain to 10 = worst pain imaginable) [24]. The
GPE scale have seven steps (l=completely recovered,
2=much improved, 3=somewhat improved, 4=unchanged,
S=somewhat worse, 6=much worse, 7=worse than ever)
[25].

Primary outcome: We defined failure as ODI final score
=31 points and worsening as ODI >39 points, in accor-
dance with a recent study [26].

Sensitivity analysis: To evaluate the robustness of the
prediction we defined an ODI change of less than 8 points
as failure and less than 4 points as worsening [26]. Finally,
we also used GPE to assess the effect after surgery.

Stratistics

We report central tendency in terms of mean (95% CI)
for continuous data with normal distribution and number
and proportions (%) for categorical data. We assessed pre-
dictors using uni- and multivariate logistic regression, with
backward conditional stepwise selection with an entry and
remaval threshold of 0.01.

ODI score 12 months after surgery of 31 for failure and
39 for worsening were used as dependent variables {out-
come). Covariates in the predictor analyses were chosen
according to previous literature: age, gender, smoking,
ASA classification, BMI, educational level, civil status,
Norwegian speakers, disability benefit, former spinal sur-
gery, MRI findings, preoperative ODI score, duration of
symptoms, multilevel surgery [27-29]. Among the covari-
ate variables, some were dichotomized to improve the data-
to-model fit and facilitate interpretation of the analyses
(age, BMI, ASA classification, and educational level).
There was no strong (<(.7) correlation between the covari-
ates, and linearity between continuous wvariables was
checked against logit failure. Only preoperative ODI had
nonlinearity, as displayed in Figure. Covariates were tested
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Figure. Mon linear realtionship between preoperaitve ODI and logit failure.

for relevant interactions using multivariate logistic regres-
sion, and no interactions had a statistically significant asso-
ciation with the cutcomes.

Subgroup analyses

To explore the role of preoperative back pain, we dichot-
omized the population into those who reported more back
than leg pain (yes/no). We reported the number (%) of fail-
ures in patients who received decompression and fusion
versus those who received decompression only. We also
explored the role of the number of levels operated by ana-
lyzing the number (%) of patients reporting failure who
were operated on at one, two, three, and four levels. We
performed subgroup analyses of patients with previous sur-
gery at the same or another level. For secondary explorative
analyses, we used simple crosstabulations.

We did not impute any missing data. All statistical anal-
yses were done with SPSS version 26 (IBM Corp. released
in 2017. IBM SPSS Statistics for Windows, Version 25.
Armonk, NY, USA).

Erhics

Participation in the registry is voluntary and includes
written consent. The study was also approved by The Nor-
weglan Regional Committee for medical and health
research ethics ((2017/2157). The study was conducted in
accordance with the Helsinki declaration and is presented
according to the STROBE statement [30].

Results

Baseline

We identified 11,873 patients operated for LSS between
January 2007 and April 2017, 8,863 (74.6%) had completed
three months follow-up, and 8,919 (75.1%) had completed
12 months follow-up. Table | displays patient characteris-
tics at baseline for all patients and patients with treatment

categorized as “failure” and “worsening” subgroups. The
mean (95%CI) age was 66.6 (66.4—66.9) vears, and 4,644
(52.1%) were females. The mean (95%CI) ODI was 39.8
(39.4-40.1). Patients with failure and worsening were
elder, more often ASA >2, and had higher BMI and preop-
erative ODL In addition, they more often had low educa-
tion, comorbidities, disability benefit, and former surgery
(Table 1). Patients lost to follow-up at 12 months were
vounger, more often smokers, and had higher preoperative
0ODI scores (Appendix Table 1). Table 2 displays the type
of surgical treatment given. All patients had some kind of
decompression, bilateral foraminotomy was the largest
group, and 1,494 (12.6%) patients had an additional fusion
procedure.

Clinical results

Twelve months after the operation, 2950 (33.2%)
patients were categorized as “failures,” including 1,921
(21.6%) classified as “worse™ according to the ODI final
score cut-offs. When we used the ODI change score cut
—offs, , (32.8%) reported failure, and 2,132 (24.2%)
reported worse. The mean (95%CI) ODI 12 months after
surgery was 23.9 (23.5-24.2) and the mean (95%CI)
improvement in ODI was 159 (15.5—16.3) points. When
patients graded the effect of surgery by GPE, 1.829
(20.6%) perceived themselves as “unchanged” or any
degree of worsening, and 521 (5.9%) reported “much
worse” or “worse than ever.”

Predictors

Table 3 shows the results of the uni- and multivariate
logistic regression analyses.

Failure

The strongest independent risk factors for failure
identified in the multivariate model were duration of
back pain >12 months (OR=2.24 [1.93-2.60]; p<.001),
former spinal surgery (OR=2.21 [1.94-2.52]: p<.001)
and age >70 years (OR=1.97 [1.69-2.30]; p<.001).
Socioeconomic variables, that is. receiving disability
benefits, low educational level, not being a native Nor-
wegian speaker, and living alone, all increased the odds
of failure (OR between 1.36—1.62). Variables concern-
ing general health, that is, smoking, BMI >30, and
ASA>2, also increased the odds of failure (OR 1.32
—1.40). The spine-related disability (ODI) and pain
medication increased the odds (OR 1.06—1.29). Of the
radiological variables, only the finding of degenerative
olisthesis showed an effect on the odds for failure with
decreased odds (OR=(0.75).

Worsening

The strongest independent risk factors for worsening
identified in the multivariate model were former spinal
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Table 1
Patient characteristics of 11,473 Norwegian patients with surgically treated lumbar spinal stenosis in a 10 years period (2007=2017)
All patients, n=11,873 Failure (ODI»31), n=2,950 8
Mean (95%CI). or n (%) Mean (95%CT), or n (%)
Age (cont) 65.8 (6566600 67.8 (67.2-68.0) 678 (67.3-68.3)
Age > 70 years 4,442 (37.5%) 1,352 (45.8%) 1016 (52.9%)
Gender female 6,204 (52.3%) 1,714 (58.1%) 1,115 (58.0%)
Civil status, living alone 3,169 (26.8%) 937 (31.9%) 619 (32.4%)
Native Norwegian speaker 11,353 (96.0%) 2,796 (95.4%) 1.910 (95.3%)
ASA grade »2* 2462(21.0%) B4 (29.1%) 601 (31.7%:)
Body mass index (cont) 27.6(27.5=27.7) 28.0 (27.9-28.2) 28.1(27.9-28.3)
Body mass index >30 2.920(26.2%) 853 (31.1%) 573(32.1%)
Smoking 2518 (21.4%) 682 (23.3%) 470 (24.7%)
Level of education below college 8209 (70.4%) 2281 (79.1%) 1501 (80.1%)
Any comorbidity 7,243 (67.2%) 2,031 (75.2%) 1,347 (76.0%)
Receives disability benefit (all types) 4,007 (34.8%)) 1,082 (38.1%) T26(39.3%)
Previous lumbar spine surgery 2,968 (25.3%) 1,025 (35.3%) TO3 (37.1%)
MRI central stenosis 8,288 (69.8%) 2,104 {71.3%) 1372 (7T1.4%)
MR lateral stenosis 6,796 (57.2%) 1,616 (54.8%) T8 (45.7%)
MRI foraminal stenosis 1,235 (10.3%) 337 (11.4%) 218 (11.3%)
X-ray degenerative olisthesis 1,854 (15.6%) 416 (14.1%) 281 (14.6%)
Leg pain > 12 months duration 7115 (65.1%) 1,940 (72.9%) 1,295 (T3.8%)
Back pain > 12 months duration 8415 (75.4%) 2,267 (82.3%) 1.507 (83.7%)
Preoperative ODI' 40.3 (40.1=40.6) 481 (47.6=48.6) 30.8(50.2=51.4)
Preoperative leg pain (NRS)' 6.59 (6.55—6.63) 7.05 (6.97-7.12) 7.22(7.12-7.32)
Preoperative back pain (NRS)' 6.53 (5.49=6.5T) 7.24(7.17=17.31) TA44(7.35=7.52)
Preoperative EQ-5D 0363 (0L357-0.369) 0253 {0.241-0.265) 0.205 (0.191-0.219)
All patients. and patients reported as failure and worse.
* ASA =A Society of A iologists classification (1-5).

" ODI = Oswestry Disability Index (0=100). indicating increasing disability.

NRS = Numeric Rating Scale (0= 10}, indicating increasing pain.

-

surgery (OR=2.04 [1.77-2.36]; p<.001), duration of back
pain >12 months (OR=1.83 [1.45—2.32]; p<.001), and age
=70 years (OR=1.79 (1.49-2.14); p<.001). Sociveconomic
variables, that is, receiving a disability benefit, low educa-
tional level, and living alone, increased the odds of worsen-
ing (OR between 1.33 and 1.67). Variables concerning
general health, that is, as BMI >30 and ASA >2 increased

Table 2

ED-5D = EuroQol ‘s quality of life, (-0.60 to 1.00), indicating increasing quality of life.

the odds for worsening (OR 1.28—1.38), and spine-related
disability (ODI) and duration of leg pain > 12 mths
increased the odds for worsening (OR 1.07—1.30). None of
the preoperative radiological variables influenced the odds
of worsening, except the finding of a degenerative olisthe-
sis, which decreased the odds of failure (OR=0.76 [0.64
=0.89]; p<.001)).

Surgical treatment for 11,873 Norwegian patients with lumbar spinal stenosis in a 10 years period (2007-2017)

Completed 12 months follow up (n=8,919)

Lost o follow up (n=2,954)

Mean {(95%CI), or n (%) Mean (95%CI), or n (%)
Fusion surgery 1,125 (12.6%%) 369 (12.5%)
Fusion, TLIF* 309 (3.5%) 120 (4.1%)
Fusion, PLIF! 38 (0.4%) 6 (0.2%)
Fusion, PLF' TOP (8.6%) 241 (8.2%)
Fusion, ather 900.2%) 2(0.1%)
Decompression
Unilateral foramenotomy 1973 (22.1%) T32 (24.8%)
Bilateral foraminotomy 3485 (39.1%) 1,120 (37.9%)
Cross over / “over the top™ 1388 (15.6%) 544 (18.4%)
Laminectomy 2,199 (24.7%) 622 (21.1%)
More than one level operated 3,255 (36.9%) 975 (33.3%)

Patients completed 12 months follow-up, and patients lost to follow-up.
* Transforaminal Lumbar Interbody Fusion.

" Posterior Lumbar Interbody Fusion.

¥ Posteralateral Lumbar Fusion.
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Table 3

Logistic regression for 8,919 patients operated for lumbar spinal stenosis and registered in NORspine during 2007-2017, using failure {ODI>31) and wors-
ening (ODI=39) as dependent variables and potential predictors as explanatory varishles

Failure (ODI>31 points)

Worsening (OD1>39 points)

Univariate Multivariate Univariate Multivariate
Variables OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value OR (95%CT) p value
Age =T years L30(L37-1.64) <001  199(L71-231) <001 L30({L36-1.66) <001 1.93(1.62-231) <00
Gender (female) 144 (1.32=1.57y <001 1.36(1.23=1.51) <001
Smoking 146 (1.31-1.63) <001 140(1.21-1.62) <001 1L32(L35-171) <001 1353{1L31-LE0) <.001
Body muass index =30 1.54 (1.39=1.70) <001  134(118=153) <001 153(L36=171) <001 133({L15-1.54) <001
ASA grade »2° 205 (1.85=228) <001 1.34(1.16—1.54) <001 1.39(1.19=1.62) <.001

Education level below college
Civil status, living alone

199 (1.79=221) <001
LA2 (1.46—1.T8) <001
Mot Native Norw speakers 1.58 (1.26=2.00) <001
Disability benefit (all types) 146 (1.33=1.60) <001
Former lumbar spine surgery (any) 2.26 (2.05=250) <.001
MRI central stenosis 1.05(0.95-1.15y 358
MRI lateral stenosis. 0.91 (DE3=1.00) 040
MRI foraminal stenosis LIS (1L02=1.36) 024
RF degen olisthesis 0.85 (0.75=097y 013
Pre opr DI {cont)’ 106 (1.06—1.07y <.001
Duration leg pain =12 months 168 (1.52—1.86) <001
Duration backpain >12months LET{1.68-2.10) <.0D1
Multilevel surgery 1.21 (1.11-1.33)y <001

154 (1.35=1.75) <001
133 (1.17=1.52) <001
166 (1.23=2.23) 001
16T (1.44=1.94) <001
221 (1.94=2.51) <001

0.76 (0.64=0.89) 001
106 (1.05-1.06) <001

217(1.88-2.50) <001

=001 L51{1.29=1T6) <.001
1.52{1.37=1.71) =001 126 (1.09=1.45) 002
1.49(1.16=192) =001
1.47(1.32=1.63) <001
219(196=244) =001
105(0.94=1.17) 428
090(0E1=1.00) (44
1.14{097=-1.34) 120
092 (0.8D=1.06) 255
L07{1.07=107) =001
1.74{1.55-1.96) <001
195{1.70-2.24) <001
1.19{1.07-1.32) .00l

166 (1.40=1.98) <.001
2.00(1.74=2300 <001

L7 {1.06=1.07y <001
129(1.06-136) 010
185(1.47-232) <001

* ASA = American Society of Anesthesiologists classification (1—-5).

' an types of disability benefit, both full and panly supported.
3

! mare than ane level operated.

Sensitivity analyses

Appendix Table 2 displays the multiple regression using
ODI change score to define failure and worsening: there
were minor differences from the primary analysis.

Subgroup analyses

Predominant preoperative back pain was reported by
1968 patients, of which 307 (16%) received decompression
and fusion and 1,661 (84%) received decompression only.
In the decompression and fusion group, 125 (41%) reported
failure compared to 581 (35%) in the decompression only
group. In the predominant leg pain group, 292 (36%)
reported failure in the decompression and fusion group ver-
sus 1,921 (329) in the decompression only group. Patients
with predominant back pain had an increased risk ((RR) of
L11(1.04=1.19): p=.002) of failure.

Appendix table 3 displays failure rates according to the
number of levels operated. The proportion of patients that
reported treatment failure increased by numbers of spinal
levels operated. There were 48% failures reported by
patients who had previously received surgery at the same
spinal level, compared to 47% for those who were previ-
ously operated at another spinal level.

Discussion
In this register study, 33% of patients operated for lum-

bar spinal stenosis, were classified as failure after surgery,
including 22% classified as worse. The strongest predictors

" 0Dl = Oswestry Disability Index (0= 100, indicating increasing disability.

for failure were preoperative duration of back pain for at
least 12 months, previous spinal surgery, and age above
70 years. Both socioeconomic variables, general health var-
iables, and spine-related variables affected the odds for fail-
ure. The same patterns were seen regarding the odds for
worsening.

The proportion of patients reported as failure and wors-
ening seemed relatively high and may be partially
explained by different outcome measures. For instance, the
proportion  of patients that perceived themselves as
unchanged or worse was lower when patients used GPE,
rather than ODI, to assess the effect of surgery. Similar
results are reported in the literature. This is not surprising
as GPE is conceptually different from a disease specific out-
come measure. Previous studies reported success rates of
about 629%—T5% or failure rates of 25%—31% [7—13.31].
Moreover, the effect of surgery in our study with a mean
0DI final score of 24, and a mean ODI improvement of 16
points is also in line with other studies [7—8].

Sociseconomics

A short education, living alone, not being a native Nor-
wegian speaker, and receiving disability benefits increased
the odds of failure. The findings of associations between
socioeconomic factors and odds for failure and worsening
are known from the literature [20]. The effect of these fac-
tors in our study was moderate (ORs between 1.33 and
1.67). One former study reported socioeconomic factors as
more important than factors related to spine surgery and
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general health regarding return to work after spine surgery
[32]. The impact of socioeconomics on the results of surgi-
cal treatment may seem surprising. but pain and disability
are subjective feelings and functions. Hence, they may be
affected by patient-related factors. Furthermore, communi-
cation is crucial in deciding on surgical treatment for a con-
dition of pain and during clinical follow-up. Consequently,
socioeconomic factors may impact the shared decision-
making process between patients and health care personnel
[33].

Our findings of associations between sociceconomic fac-
tors and failure and worsening may contribute to a higher
threshold to receive surgical treatment for some patients
with socioeconomic challenges. Nevertheless, it is essential
to consider equal rights to health care for all patients.

General health

Age >70 years was associated with almost doubled odds
for failure and worsening (ORs between 1.93 and 1.99).
However, the literature on the effect of age on clinical
results after surgery for LSS is conflicting. Some studies
find no or minimal association between age and clinical
results [34—37]. In contrast, others find decreased nsk for
success with increased age, or age <75 as a predictor of sat-
isfaction [8,38]. Possible reasons for conflicting results
include different outcomes, different ways of defining age
groups {continuous data, age groups, or specific cut-offs),
or differences in study populations. In addition, high age
may be comelated with increased prevalence of other ill-
nesses (ie, osteoarthritis), contributing to the association
between age >7() years and increased odds for failure.

Smoking, ASA>2, and BMI>30 also showed associa-
tions with failure and worsening (ORs between 1.33 and
1.53). Other studies have found ASA>2 more likely to have
poor outcomes [13]. The effect of BMI on the results is
more uncertain in the literature. Mauro et al. reported worse
outcomes with high BMI, while Onyekwelu et al. reported
similar results for patients with BMI > 30 and BMI <30
[39—40].

Using the final ODI score as the outcome, it seems natu-
ral that variables conceming general health (smoking,
ASA>2, BMI=>30) affect the outcome as they presumably
reduce function.

Some studies report frailty as a composite variable on
general health, and frailty has shown an apparent effect on
clinical results and complications after spine surgery and
surgery in general [4]1—42]. We believe the general health
condition impacts the clinical outcome and disability after
surgery for LSS. However, grading and recording this can
be done in different ways. Hence, detecting it can be chal-
lenging, especially in a registry setting.

Disease-related factors

Duration of symptoms of > 12 months strongly predicted
both failure and worsening. Still, long-lasting back pain had
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a more negative impact than prolonged leg pain. In the mul-
tivariate analyses., leg pain > 12 months was either not
detectable or moderated. We found an increased risk for
failure for patients with preoperative predominant back
pain. Surgery for LSS aims to increase the cross-sectional
area of the spinal canal to relieve leg pain and improve
wilking capability. Patients who reporting predominately
back prior to surgery could therefore be expected to benefit
less of surgery. Previous studies have shown better out-
comes among patients with short symptom duration [8,43].
One possible explanation is that prolonged symptoms may
lead to biochemical differences in the nerve cells and
chronic pain, hence poorer treatment effect [44—45].

Former spinal surgery was a significant predictor of fail-
ure and worsening, doubling the odds for these outcomes
(ORs 2.00-2.21), dichotomized irrespective of level, that
is, including surgery at the same or another segment. In the
subgroup analysis, we analyzed previous surgery at the
same spinal level versus previous surgery at another spinal
level. Interestingly, we found no differences in failure rates
between these subgroups. Merland et al. reported similar
ORs for worsening associated with previous surgery in the
same segment [367]. Furthermore, Aalto et al. reported an
association between no previous surgery and increased
odds for good results (OR=3.65) [&]. Possible explanations
for this association can be that previous surgery may lead to
scar tissue resulting in technical difficulties in surgery. In
addition, patients undergoing repeated surgery may be non-
responsive to surgical treatment, often achieving failure
and worsening.

Preoperative ODI showed increased OR for failure and
worsening. The effect may seem small (OR=1.06—1.07 per
0D point). However, marked differences in preoperative
0DI will significantly affect the odds of failure and worsen-
ing. Association between preoperative ODI scores and clin-
ical outcomes have been reported before [9.46]. As we
define failure and worsening by final ODI scores, the preop-
erative ODI score seems as a natural predictive factor; it is
less likely to achieve a postoperative cut-off with a higher
preoperative disability.

Patients who had surgery in more than one level had
slightly increased odds for failure and worsening
(OR = 1.19-1.21), although not significant in the multivari-
ate analyses. The proportion of patients reporting treatment
failure increased by number of spinal levels operated. Two
former studies reported no statistically significant differen-
ces in outcomes for one and multilevel LSS treated surgi-
cally [36.47]. If one level operation has a specific risk for
failure, adding the chance for failure per level could be a
reasonable way to estimate the risk for failure in multilevel
surgery. However, our study did not support such findings.

In our study, radiological findings showed no or negligi-
ble associations with failure or worsening. That is in line
with previous studies, showing no clinically relevant associ-
ation between MRI findings and preoperative disability and
no or minor association between MRI findings and clinical
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outcome [9,48]. Radiologic findings were only recorded as
yes fno, and no grading of the radiologic findings was
recorded. The validity of radiological data in NORspine has
not been reported.

When we examined failure and worsening as defined by
ODI change score in the sensitivity analysis, we found that
previous surgery, preoperative back pain lasting longer than
12 months, and age above 70 years were the strongest pre-
dictors of failure and worsening (Appendix Table 2)

In patients with predominant back pain, fusion, in addi-
tion to decompression, did not improve the results.

Future perspectives

There is a need for better instruments predicting out-
comes after surgery for LSS. Prediction models have been
developed to assist in patient selection. However, Staartjes
et al. reported only a moderate ability to identify patients
likely to benefit from surgery for degenerative spine disor-
der. Therefore, they concluded that prediction models
should only play a minor role in decision-making [49]. The
Swedish spine registry (Swespine) has also developed a pre-
diction tool based on a prediction model to aid in patient
selection for spine surgery [39]. From a future perspective,
it could be interesting to develop a parallel prediction
model based on NORspine data. The prediction model
might help select suitable patients for surgery.

Limitations

There are several limits to this study. One is whether the
NORspine registry records relevant variables to predict
clinical outcomes. The study design does not allow conclu-
sions regarding causality; only associations can be discov-
ered. Some associations might be confounders or mediators.
connected to causal variables left unobserved. For instance,
the NORspine did not record data on spinal alignment dur-
ing the study period.

Our study had a loss to follow-up of 24.9%; Appendix
Table 1 and Table 2 display no significant differences
between responders and nonresponders in baseline data or
surgical treatment. Although according to former studies,
loss to follow-up in national spine registers does not affect
the clinical outcome, one of these studies examined the
NORspine population [50-52].

Ome can discuss the choice of the cut-offs for failure and
worsening. The cut-offs were assessed in a former study on
LSS patients using a transitional scale as an anchor and are
in concordance with another survey of cut-offs for success
and with the PASS score of 22 proposed by van Hooff
[26,53=54]. Our cut-offs result in proportions classified as
failure and worsening, similar to other studies [7—13,31].
Failure and worsening have been defined differently in
other studies, but the use of MCID regarding increasing
ODI score and worsening is not well supported [36]. In the
sensitivity analysis, our main findings were confirmed.

There are, however, no explicit definitions of failure and
worsening after spinal surgery.

Twelve months follow-up might be short for a chronic
illness. On the other hand, several studies show no clini-
cally significant differences between 12 and 24 months.
We, therefore, consider 12 months as sufficient in LSS
patients [50,55—58]. Twelve months follow-up is also rec-
ommended in a systematic review with recommendations
for spine registries in 2015 [28].

Different surgical techniques were used in this study;
both decompression methods and fusion methods vaned.
Naturally, this introduces heterogeneity in our material, but
on the other hand, it reflects the everyday practice and
increases the external validity.

Different findings between predictor studies can result
from differences in patient selection, surgical techniques,
and the selection and recording of possible predictive varia-
bles.

Strengths

The study population is large and recruited in a national
register obligatory to all treating centers in Norway. There-
fore, the patient population reflects everyday practice, and
we consider the external validity good. The large sample
size also allowed for strict thresholds for entry and removal
of covariates into the model of 0.01, improving the power
of the analyses.

Interpreting changes in PROM scores, that is, ODI, in
groups is not straightforward, and especially in large data-
sets, one can find statistically significant findings that do
not reflect clinical importance. Therefore, we chose to use
dichotomous outcomes to define failure and worsening,
emphasized in a review article as favorable regarding clini-
cal important change [59].

Conclusion

In this prospective observational spine register study,
33% of patients reported treatment failure, including a
worsening rate of 22%, after surgery for L§S. Associated
with increased odds for failure and worsening were duration
of back pain of more than 12 months, former spinal surgery,
and age >70 years. This information can assist in patient
information and patient selection for surgery.
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Appendix table 1

Patient characteristics of 11,873 Norwegian patients with surgically treated lumbar spinal stenosis in a 10 years period (2007-2017)

Completed 12 months follow up (n=8919)

Mean (95%CI), or n (%)

Lost to follow up (n=2954)
Mean (95%CI), or n (%)

Age (cont) 66.6 (66.4—66.9) 63.2 (62.7—-63.6)
Female sex 4,644 (52.1%) 1,560 (52.8%)
Civil status, living alone 2282 (25.7%) BET (30.2%)
Native Norwegian speaking 8,565 (96.5%) 2,788 (94.7%)
ASA grade »2* 1840 (20.8% ) 622 (21.3%)
Body Mass Index (cont) 275(274-276) 27.8(27.6-28.0)
Smoking 1,697 (19.2%) 2,100 (28.1%)
Education level below college 6,145 (70.1%) 2,064 (71.4%)
Comaorbidity, any 5410 (66.9%) 1833 (68.0%)
Patient not working 7443 (86.0%) 2,425 (85.1%)
Receives Disability benefit (ufaret) 1421 (15.9%) 511 (17.9%)
Previous spinal surgery, any level 2,173 (24.7%) T95 (27.3%)
Leg pain > 12 months duration 5,284 (64.3%) 1831 (67.5%)
Back pain > 12 months duration 6,280 (74.9%) 2,135 (76.8%)
Preoperative QDI * 30,8 (39.4=40.1 421 (41.6=42.7)
Presoperative NRS leg pain/ 6.57 (6.52-6.61) 6.7 (6.66.8)
Pre operative NRS back pain 6.50 (6.45—6.55) 6.6 (6.5—6.T)

Pre operative EQ-5D'

0.376 (0. 369-0.383)

0.323 (0.311=00.335)

Patients completed 12 months follow-up, and patients lost to follow-up.
* ASA=A Society of A hesiclogists classification (1—-5).
! ODI = Oswestry Disability Index (0= 100).

! NRS = Numeric Rating Scale (0—10)""""

Appendix table 2

ED-5D = EuroQol's quality of life, (-0.60—1.00)

Sensitivity analysis, multivariable logistic regression for 8,919 patients operated for lumbar spinal stenosis and registered in NORspine during 2007-2017,
using failure (ODI change <¥ points) and worsening (ODI change <4 points) as dependent variables and potential predictors as explanatory variables

Failure (ODI change <8 points)

Worsening (ODI change <4 points)

OR 95%CI p OR 95%CI P
Age >T0 1.68 1.47=1.93 <.001 161 1.39=-1.87 <.001
Smoking 1.39 1.22-1.60 <.001 1.49 1.29-1.72 <.001
BMI=30 1.25 L11-1.42 <.001
ASA>2 1.37 119=1.56 <.001 1.49 1.22=1.63 <.001
Education level below college 1.45 1.28~1.63 <.001 1.53 1.34=1.75 <.001
Civil status, living alone 1.26 L11-1.42 <.001 1.26 1.20-1-44 <.001
Disability benefit (all types) 1.49 1.30-1.71 <.001 1.50 1.29-1.75 <.001
Previous surgery.any 1,90 1.68=2.14 <01 20 1.77=229 <011
MRI: central stenosis 0.79 0.71-0.89 <.001 081 0.71-0.92 <.001
Degenerative olisthesis (x-ray) 069 0L59=0.81 < 01 070 0.59=0.84 < 01
Preoprerative ODI (cont) 0.96 0.96-0.97 <.001 0.96 0.96-0.97 <.001
Back pain >12 mnts 1.89 1.65=2.15 <.001 171 1.06=1.49 <.001
Leg pain > 12 mhis 1.26 1.06—1.49 D08
Appendix table 3
Cross tabulation of number of operated levels and rates of treatment failure defined by ODI final score >31
Number of levels operated Failure Monsssfailure Total Proportion failure
1 1.747 3.79% 5,543 2%
2 941 1,740 2,681 35%
3 199 301 500 39%
4 23 35 58 390%
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