WWERS;y

2£: UiT The Arctic University of Norway

[Department of Neurosurgery]

[Development of a prognostic model for unfavorable outcome after lumbar microdiscectomy]

[David Werner]

A dissertation for the degree of Philosophiae Doctor [November 2020]




Table of contents

7.1

7.2

7.3

7.4

8.1

TABIES ettt et s e e e e e b e nt e e s be e e ab e e s beeereeesreeenn 6
FIGUIES ettt ettt et e e e e st b e e e e e e e e e s bbb et e e e e e e e abraaeeeee e e e e anrrraeaeeeeeanan 6
PrEIACE bbb sttt e b e b e s 7
ACKNOWIEAZEMENTS......oiiiiiciiiee et e e e e et e e e e ata e e e s abae e e easaeeesnssaeesannaneenan 8
U1 To 1T~ SRR 10
T o) B0 F=] o 1] YRS 11
What is this thesis @DOUL? .....cc.eiiiiiiiii et 13
OVEIAIT QIM 1ttt ettt e s b e e sab e e sabeesbbeesabeeesabeesabeesaneeesabeeenns 13
OULCOME EFINITION 1.ttt e st esaee e sbee e 13
(001 (olo] s <IN oY {=Yo (o1 o] o U R 13
SEPUCTUIE <.t e e e s e e e s et e e snraeee e 13
INEFOAUCTION ittt s sttt e r e s s s n e e neens 15
Lumbar disC herniation .........cooeeiiiiiiiiieeee e e 15
00 I R Y o =1 o 2 1V Nt 15
S A =Y VoY o] 01V o] Lo =V SRR 15
S0 G T =Yoo [=T s o110 Uo Y=Y AR 16
0 R A B 1 == o Lo 1Y PP PPPPPPPPPTPPPPRE 16
8.1.5  TrealmMent . 17



10

8.2

8.3

8.4

8.5

9.1

9.2

9.3

9.4

9.5

9.6

9.7

(0T ToF | I =T =01 SRR 21

8.2.1  DEFINITION. .ttt e s nee e sreeeae 21
I A SV o oo 1Y IRt 21
I T B 1T 1= { o DO PPNt 21
Outcome INtErPretatioN . ... 22
8.3.1 Patient Reported Outcome Measures (PROMS) .........ceccveevieeeciieenieesiieeesieeeieeenns 22
8.3.2 Minimal Clinical Important Change (MCIC).........ccceevuieiiieeeiieeccee e 24
8.3.3 Substantial clinical ChaNGe ........ooocuiiii i 25
(001 (olo] s <IN oY =To (o1 To] o U SRR 26
(O TUF | 1Yo o= o RSP 27
Materials and MeEthOdS........ooviiiiiiiiii et 28
D] = N 28
DAta SOUICE ...t e e s s e s s e s e 28
SEUAY POPUIGLION et e e e e e e tr e e e e ba e e e enarreeeeas 29
Data CONBLLION ettt ettt et e s bt e st e st e b e e beens 29
AANGIYSES oottt ettt e e e e e e e e —a e e e et —— e e e e a—eeeeaa—aeeeaataeeeantaeeeaabaeeeanraeaeanraeas 30
SEATISTICS coeiiiii ittt e 30
Ethical conSIderations ........oceeiiiiiiiieieeeee e e 31
RESUIES ..t e e st e s e s e e s r e s ne e e s e e e s ne e e naree s 32



11

12

13

14

10.1

10.2

111

11.2

11.3

11.4

11.5

Outcome definition (PAper 1 and 1) c.....oooecieee i e 32

Outcome prediction (PAPEI HI) ... ettt ee e ee e e s are e s e e ereeesreeenes 36
BTy ol 1] o PO T PP TPEPROT 40
Y YT a I T o 170 - USSP 40
OULCOME EFINTEION ..ttt e 40
11.2.1 Advantages and disadvantages of PROMS........ccccoecveiiiiiieieiniiee e 40
11.2.2 Choosing the right aNChOr.........ciiiiiiii e 41
11.2.3  Failure and WOIrSENINE.......uoiiiiiiieeeciiee ettt e e tee e e et e e e e sba e e e e e bae e e e eabaeeeennrenas 42
11.2.4 ODI superiority and final score versus change SCore........ccccoevireeeecieeeecciieeeeennnen. 44
11.2.5 The impact of baseline disability........ccccecueiiiiiieiii e, 45
11.2.6 Limitations of the minimal clinical important difference .......cccccevevvviiicienennnen. 45
(@ 1U) ColoT 0|1 o] =T [ ot o o P UUSPRN 47
11.3.1 Creating a prognostic MOEl..........ccuiiiiiiii i 47
11.3.2  Choice Of FiSK faCtOrS...cccuuiriiiieiieeeeeeee e e 50
Handling of MisSiNg data.......c.ueei it e e et e s 51
Y T Yo =TI Y oY o] ToF= 1 u o] TSRS 52
FUTUNE PerSPECTIVES. ...ttt saaesesssssasaassasnes 53
(60 3Tl (D11 To ) o F PP PR TS PUPRPOPROPRON 54
WOIKS CITEA ..ottt e s e ettt e e sbe e e sar e e e b e e e smreesaneeesaneean 55



15

16

15.1

15.2

15.3

16.1

16.2

16.3

16.4

Lo T 0 1= i RN 72
Lo o 1= i | RN 82
Lo o =1 i 1| N 90
YT 1< o Yo [ PSS 120
NORspine questionnaires (in NOrwWegian)........cccueiiieeecieieciie et sre e s 120
Supplementary appendiX t0 PAPEI | ..uueiiiiiiieciie et 126
Supplementary appendiX t0 PAPEI Il ....eeeeeeiiiieeeee e e 142
Supplementary appendiX t0 PAPEr Il ....occeeeieeeieeeeee e e e 152



1 Tables

Table 1. PROM cut-offs for failure and worsening, for the entire study population. ........c.cccceeee. 34
Table 2. Baseline dependent cut-0ffs fOr SUCCESS. ....iiiiiiiiiiiiiiiii e 35
2 Figures

Figure 1 Model Validation ........ueiiieiieie ettt et e e st e e e sbt e e e s sbae e e e sbteeeesnraeaesnnes 37
Figure 2. Prediction model for failure or Worsening.......ccuevivciiieiiciiee e 38
Figure 3. Analysis of variance (ANOVA) ......cccuei ettt tee e te e ste e e rae e s re e s sae e e saaeeeraeennas 43
Figure 4. The Minimal Clinical Important Difference (MCIC) versus the cut-offs for failure and

worsening on the fiNal ODI FAW SCOME ....uiiiiiciiii ettt ee e e ertee e e e ebee e e e eabe e e e eeabeee s eenbeeesenarenas 46


file:///C:/Users/David%20Werner/Dropbox/PHD/Phd%20thesis/041020.docx%23_Toc52741964

Preface

Since the Norwegian Registry for Spine Surgery (NORSpine) was started in 2007, more than 50000
patients operated for lumbar spinal degenerative disorders have been included. The registry was
started in Tromsg by my mentor Dr. Solberg, and has since spread out to all public and private
clinics in the country. Similar registries have been developed in Europe[1], and the United States[2],
collecting large amounts of data. However, use of this data at the hospitals is scarce, and while
positive effects of quality registries have been shown in some medical disciplines[3], so far there is
little evidence for spine registries having an impact on clinical practice. This thesis is aimed at
bridging this gap by developing a decision support tool that conveys information from the
NORspine about those previously operated back to patients and physicians, so that they can make

better and more informed decisions about treatments for future patients.
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7.1

7.2

7.3

7.4

What is this thesis about?

Overall aim

The overall aim of this research work was to develop a clinical tool which would be used by both
surgeons and patients to predict outcome 12 months after lumbar microdiscectomy. With an
outcome prediction the patient and surgeon would then be able to make an evidence-based
informed decision about the question whether to operate or not. It is important to note that this

thesis does not concern non-operative treatment of lumbar disc herniation.

Outcome definition

In order to be able to predict an outcome, first it must be clearly defined. This was the aim of
papers | and Il, where we defined criteria for success, failure and worsening 12 months after
microdiscectomy for lumbar disc herniation, based on different Patient Reported Outcome
Measures (PROMs). Notably we chose to define these criteria based on much larger magnitude of

PROM changes, than the previously defined Minimal Clinical Important Change (MCIC).

Outcome prediction

With established outcome criteria, we developed a predictive tool by utilizing known risk factors
and patient characteristics in paper lll. The resulting model was implemented into a risk matrix,

with an algorithm allowing us to calculate the probability of a negative outcome after surgery.

Structure

In the introduction, | will outline the clinical entity of lumbar disc herniation. Further, | will
introduce clinical quality registries, and on this background introduce the metric of a PROM and

how treatment outcomes are assessed with this tool. | will then briefly discuss the imperative of
13



quality assessment in modern medicine, and the of role prognostic research in its context. Since the
papers are closely related, the methodological section, results, discussion and conclusion will
comprise all three studies together. Finally, | will outline some future perspectives based on my

research.

14
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8.1

8.1.1

Introduction

Lumbar disc herniation

Anatomy

The spine or vertebral column is made up of bony building blocks (vertebrae) which are connected
by intervertebral discs made up of a collagenous perimeter (annulus fibrosus) containing a liquid
rich mucoprotein gel (nucleus pulposus), and by facet joints and ligaments. Behind the lumbar
vertebrae and the intervertebral disc runs a bundle of nerve roots, covered by a layer of connective
tissue (dura mater). A bony lamina is attached to each side of the vertebral body by the pedicles.
This bony arch, the facet joints, and the yellow ligament (ligamentum flavum) protect the spinal
cord from posterior. Thereby the spinal cord is run through a protective bony “tunnel” giving off
one nerve root on each side at each vertebra of the spine. The lumbar spine denotes the last five
vertebrae (L1-L5) making up the lower back, before the tail bone (sacrum and coccygeus).
Approximately at the level of L1 the spinal cord ends. Below the dural sac contains peripheral
nerves, i.e. the L1-L5, as well as the sacral 1-5 nerve roots, and collectively termed the “cauda
equina” due to its resemblance of the tail of a horse[4]. The nerve roots exit the spinal canal by the
foramen, defined by the pedicle above, the intervertebral disc medially, and the facet joint and

isthmus laterally and below.

8.1.2 Pathophysiology

The degenerative process of the spine (spondylosis) increases with age, and starts in the
intervertebral disc. Weakening or rupture of the annulus fibrosus can lead to herniation of the
nucleus pulposus and impingement of nerve root(s) against the wall bony walls of the spinal canal

or foramen([5]. Mechanical compression and inflammation can lead to pain and neurological
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deficits, such as loss of both sensory and motor function according to the innervation of the
affected nerve root. This radiculopathy manifests as radiating pain down the leg, and potentially
numbness on the thigh, calf and areas of the foot[6—11]. In the case of lumbar disc herniation, the
4™ and 5™ disc are most commonly affected. The sum of these symptoms can be highly invalidating
for the patient[12,13]. While the cause of a disc herniation is not entirely clear, both age,

environmental, and genetic factors are suspected[14-17].

8.1.3 Epidemiology

The lifetime prevalence of lumbosacral radiculopathy is estimated to be between 12-27%. While
the symptoms clear with the spontaneous resorption of the disc herniation in the majority of
patients, surgery for lumbar disc herniation is the most common spinal surgical intervention[18—
20], and whilst incidence and prevalence rates are constant, surgery rates are sharply

increasing[21,22].

8.1.4 Diagnosis

Clinical

Lumbar disc herniation causes radiculopathy and leg pain. In addition, back pain is often be
present. However, leg pain worse than back pain carries a high sensitivity for lumbar disc
herniation[12]. The pain is often mechanical, i.e. increasing upon coughing, sneezing or lifting.
Sensory loss for light touch, pain, and temperature can be present in the area known to be
innervated by a given nerve root. Physical examination can show a mechanically irritable nerve root

by maneuvers stretching the femoral or sciatic nerve (ipsilateral straight leg or inverted leg raising
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test). Motor testing can reveal a paresis in muscle groups innervated by the given nerve root, as
well as impaired reflex arcs innervated by the given root. In late stages of the disorder muscle

wasting can be seen[12,23].

Imaging

Magnetic Resonance Imaging (MRI) is the gold standard for diagnosing intervertebral disc
herniations[24]. A magnetic field is used to excite water molecules from their natural state and
then to measure signals given off by these molecules upon returning to their resting state. This
type of imaging is well suited to depict water rich anatomical structures, such as the nucleus
pulposus and the contents of the dural sac. MRI for lumbar disc herniation has a sensitivity and

specificity of 81% and 77%[25].

It is important to note that not all disc herniations with nerve impingement necessary lead to
symptoms. Disc herniations can be found in 30-40% of asymptomatic individuals, increasing by

advancing age[26,27].

8.1.5 Treatment

Non-surgical

In 70% of cases a herniated disc will dry out and shrink spontaneously within 3 - 12months, leading
to a spontaneous improvement in symptoms[28]. Conservative regimens usually include rest, non-
steroidal anti-inflammatory agents, and in some cases opiates and/or neuropathic pain
medications. There is no clear evidence as to the benefit of surgical treatment over conservative

approaches 12-24 months after onset of symptomes. Still, patients undergoing initial conservative
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treatment will experience longer duration of pain, physical impairment, and sick leave than

patients undergoing surgery within the first 6-12 weeks[19,29].

Surgical

In Norway and Europe microscope assisted discectomy (microdiscectomy) is the gold standard for
surgical treatment of lumbar disc herniation. The procedure is performed under general
anesthesia, with the patient in prone or knee/elbow position[30,31]. A 3-4cm incision is made
between the two spinous processes above and below the affected disc. The thoracolumbar fascia is
opened near the midline, and the underlying rectus muscle is dissected away from the lamina of
the two vertebrae in a subperiosteal fashion. A retractor instrument is then placed so that the
interspace between the two laminae is visualized. With the visual assistance of an operating
microscope or loupes, the ligamentum flavum is opened and the underlying thecal sac and the
affected nerve root are identified. Depending on the location of the disc herniation, the root is
medialized or lateralized and the underlying posterior longitudinal ligament might be opened and

the disc material is extracted.

Open discectomy was the most commonly used surgical method before the general advent of
microscopes and it is rarely used nowadays. The procedure requires a larger incision and may lead
to more soft tissue trauma, and may require more removal of more bone to improve
visualization[32]. In contrast, use of the microscope allowed for minimal incision size with

improved lightning and visualization.

In @ minimal invasive discectomy, in a small tube is placed into the interlaminar space through av 1-

2 cm incision. By use of an endoscope the thecal sac and nerve root are visualized, and the
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herniated disc material is then removed in a similar fashion as in a microdiscectomy. While this
procedure requires an even smaller skin incision, it requires additional instruments, yet the

evidence is not clear on whether this procedure leads to superior outcome[33,34].

Nonsurgical invasive methods such as chemonucleosis[35], thermal nucleotomy[36] and epidural
steroid injections[7,37] may be used as an alternative to surgical management. Evaluation of these

methods is beyond the scope of this thesis.

Treatment decision

Lumbar disc herniations can in rare cases cause severe symptoms, also known as cauda equina or
conus syndrome[38]. In these cases several nerve-roots are affected leading to sensation loss in the
perineum and loss of bladder and external anal sphincter control, as well as paresis in the lower
extremities. More commonly, nerve-root compression can cause loss of motor function, leaving the
patient with a limp. Progressive neural deficits due to a lumbar disc herniation require an urgent
decompression of the nerve-root, and thus they are considered absolute indications for
surgery[39—-41]. Radicular pain alone or in conjunction with back pain due to a disc herniation is a
relative indication for surgery. This applies to cases were the nerve root compression does not
naturally resolve, or where the pain is so invalidating that non-surgical treatment approaches yield
no acceptable quality of life for the patient[19,29]. Since the indication for surgery is relative in
most cases, it is important that the possibilities for both favorable and unfavorable outcome are
discussed between patient and surgeon. In the Norwegian Registry for Spine Surgery (NORspine)

20% of cases are operated for paresis, and 1.3% for cauda equina. Thus about 80% are operated for
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pain alone. It is therefore imperative that the treatment decision is based on the best available

evidence, in order to provide quality care[41-43].

20



8.2 Clinical registry

8.2.1 Definition

A clinical registry is defined as an organized system for the collection, storage, retrieval, analysis,

and dissemination of information on individual persons who have a particular disease [...][44].

8.2.2 Purpose

Registry based research is aimed at improving the quality of health care in daily clinical
practice[45]. The goal is to evaluate how treatments work in everyday clinical practice, when
surgeons and patients have chosen a given type of treatment according to preferences. In contrast,
randomized controlled trials (RCTs), intend to evaluate if treatment can work in idealized
“homogenous” conditions[46]. While RCTs have high internal validity, they lack external validity,
i.e. how does a given treatment perform in the “heterogenous” real life world of medical practice.
In the latter, personal preferences of both patients and physicians, heterogenous comorbidities
and lifestyle factors, as well as shortcuts in treatments and non-compliance introduce factors

influencing the outcome[46,47].

8.2.3 Design

Clinical registries are designed a priori, collecting data based on a predefined purpose, i.e. quality in
assessment and research. Unlike clinical trials with predefined patient management protocols,
clinical registries “shadow” patient evaluation, treatment, and follow-up without influencing the
course of these steps. This also means that data collection is prospective according to the general
purpose of the registry at predefined time points, as opposed to data being collected

retrospectively from other data sources such as the patient record[44].
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8.3 Outcome interpretation

Modern day healthcare is based on scientific evidence. This evidence should weigh the patient’s
perspective on treatment and outcomes, as well as taking into account costs[48]. In order to
measure outcome after interventions for multifactorial pain conditions such as degenerative spinal
disorders, patient centered outcome measures have gained popularity and are now considered to

be a gold standard[49,50].

8.3.1 Patient Reported Outcome Measures (PROMs)

In 1978 Lee et.al.[51] noted in a paper about surgery for spinal stenosis, that objective clinical
findings did not reflect the patient’s functional outcome. They thus proposed a self-rated
questionnaire allowing the patient to score his/her functional abilities for several domains of daily
living, laying the fundament for PROMs in spine care[52]. Since then, PROMs have become the gold

standard outcome measure in spine care, and their use has increased exponentially[53,54].

PROMs can be defined as “any report of the status of a patient’s health condition that comes
directly from the patient, without interpretation of the patient’s response by a clinician or anyone
else”[55]. PROMs can be measured in absolute terms, or as a change from a previous measure[56].
They let patients themselves report symptom intensity and functional impairment by answering
specific questions, such as what type of chair they can sit in, or by grading symptom level, e.g. by a
Visual Analogue Scale (VAS) for pain intensity. Answers to these questions are subsequently
converted into a point score depicting the patient’s functional level and quality of life as dictated by
symptom burden. PROMs intend to answer questions regarding quality of care, such as “does the

given treatment work?” and “does the patient perceive the treatment effect as expected by the
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caregiver?”[57]. These constructs became popular quickly, because they allowed for a patient
centered evaluation of treatment outcomes, shifting away from metrics like imaging diagnostics or

biased caregiver opinion[53].

The most commonly used PROM in spine care, aside of the general VAS, is the Oswestry Disability
Index (ODI) which asks the patient 10 questions regarding the limitations of daily life activities. Each
answer is translated into a 0 to 5-point score, and consequently transferred into a percentage score
with a range of 0 (no disability) to 100 (maximum pain related disability). The ODl is a specific
PROM used in degenerative spinal conditions. The current version, employed in this study, is the

ODl v 2.1a[58].

A generic health-related quality of life assessment is the EuroQol-5D (EQ5D 3L), evaluating the five
dimensions of mobility, self-care, pain, anxiety, and activities of daily living. The degree of problems
the patient has in each dimension is rated as either none, mild-to-moderate, or severe. These
answers are translated into a score range from -0.59 to 1, where 1 corresponds to perfect health
and 0 to death. Notably, negative values are considered to be worse than death. The EQ-5D has

been validated for spine care[59].

Pain-ratings can either be recorded by the VAS, or more simply by a Numeric Rating Scale (NRS)

ranging from 0 to 10, where 0 equals no pain and 10 the worst pain imaginable[60].

The Norwegian version of the PROMs measured in the NORspine and used for this study can be

found in the appendix.
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8.3.2  Minimal Clinical Important Change (MCIC)

With the advent of clinical registries and the increasing popularity of PROMs, a new problem
became apparent. Because clinical registries allow for collection and evaluation of much larger data
sample than traditional RCTs, small differences in measured data points could potentially be
statistically significant, yet meaningless in the clinical context[57]. In order to overcome this issue,
the MCIC, or minimal important difference (MID), or minimal important change (MIC) was
introduced in 1989[61], and defined as the smallest change in outcome that a patient perceives as
clinically important[62]. In the current body of literature, the a clinical important change is mainly
determined based on two approaches, namely an anchor based method or a distribution based

method, the smallest detectable change (SDC)[57,62,63].

Anchor based

As the name implies, in the anchor-based approach a PROM cut-off for the MCIC is determined by
comparing (anchoring) PROM scores to an overall rating of the treatment effect by either the
patient or physician. The Global Perceived Effectiveness (GPE) scale is such a rating tool, asking the
patient to score the perceived treatment effect on a scale from 1 to 7, where 1 is the best possible
outcome, and 7 the worst[64]. Average PROM changes between each category of this anchor can
then be calculated and serve as descriptions of treatment effect. The GPE has good test retest

capabilities and has been adapted for use in Norway[64,65].
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Distribution based

The SDC is a statistical approach to measuring the smallest relevant change that can be detected
mathematically through the noise (distribution) of the data. The SDC is calculated based on
standard error of measurement (SEM), or the standard deviation (SD)[57,62]. In short if the
magnitude of the PROM change reaches a certain level of baseline SD, for example % the SD, this
change is determined to carry a clinical significance. The SDC should ideally not be greater than the

MCIC.

8.3.3 Substantial clinical change

It is important to distinguish the minimal perceived change of the MCIC from substantial clinical
effects. While a treatment effect in the magnitude of the MCIC might be perceivable by the patient,
it might not be the patients or practitioners’ goal of the intervention. A substantial clinical change
based on PROMs, is one that exceeds the threshold of the MCIC by a good margin. This type of
treatment effect is not merely perceived as clinically meaningful (e.g. feeling a little better), but
rather perceived as a significant change in clinical status (e.g. feeling much better, or feeling
completely recovered)[66,67]. While changes in the dimension of the MCIC are useful e.g. for
sample size calculation in RCTs, substantial clinical changes are making the biggest difference for
both the patient and practitioner in real life clinical practice, and thus need to be aspired to in
order to improve quality of care[67—69]. As part of this dissertation | will propose outcome criteria
of substantial magnitude 12 months after lumbar discectomy, termed “success”, “failure”, and

“worsening”.
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8.4 Outcome prediction

A physician essentially has three tasks, namely to diagnose a condition and its etiology, foresee the
prognosis, and to treat based on the best current medical standards. While etiological and
therapeutic research is receiving widespread attention, the field of prognostic research has been
the most limited of the three. Prognosis does not simply inform about the expected course of an
illness or a treatment. Prognostic research also intends to estimate the risk of future outcomes in
individuals based on their clinical and socio-demographic characteristics[70]. Clinical registries open
new possibilities for prognostic studies using a multivariable approach to predict outcome
probabilities based on numerous patient and disease specific parameters. These studies result in so
called predictive or prognostic models, estimating an absolute risk or probability for a given
outcome[71]. A prominent example is the Framingham study for predicting the 10-year mortality

due to a cardiovascular event, based on given risk factors[72].

It is important to distinguish between prognostic modelling and associative modelling. While a
prognostic model aims solely at predicting a future outcome with the highest possible accuracy, an
associative model aims to identify independent risk factors for an outcome, while adjusting for

other possible causal factors[71].

Development of a predictive model should optimally be performed in the setting of a prospective
cohort study containing generalizable data from patients with heterogenic risk profiles, as well as a
long period of follow-up, as opposed to a RCT with small sample sizes, and very comparable
patients[71,73]. Thus, the NORspine is a well-suited environment for conducting outcome and

prognosis research.
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8.5 Quality of care

The Institute of Medicine defines quality in healthcare as the “degree to which health services [..]
increase the likelihood of desired outcomes and are consistent with current professional
knowledge”[74]. Contributing to quality are the informed participation of the patient, attention to
the scientific basis of treatment and the efficient use of resources. With the advent of PROMs, the
results of care can be evaluated with greater scientific accuracy, and according to the patient’s own
experience. At the same time indications, risk factors, complication- and outcome measurements
are collected in large clinical registries, such as the NORspine. These data allow assessment of
quality of care for the given collecting hospital, or region, and make benchmarking and comparison
between different medical facilities possible[75]. Consequently, medical professionals now are
compelled to utilize this evidence in order to improve and maintain the quality of care, yet so far

spine registries have had limited impact on the quality of spine care[76].

In the field of surgery for lumbar disc herniation the indication for surgery is often relative, yet
patient expectations exceed those in other fields of surgery for degenerative conditions[77].
Treatment decisions must be derived from the balance between possible benefits, risks and also
costs[48]. In a setting of increasing number of spinal surgical interventions, avoiding inefficient
surgeries might have a larger impact on treatment outcomes, than improving the surgical
technique itself[22,78,79]. Just as Thomas Mroz stated in his note[48] on the advent of value based

spine care, we need to start focusing on the “why”, instead of the “how”.
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9.1

9.2

Materials and Methods

Design

This work is a prospective multicenter observational cohort study of patients operated with lumbar

microdiscectomy over the period January 1%, 2007 and August 2™ 2015.

Data source

The NORspine collects data on patients operated for degenerative disorders of the spine associated

to spondylosis and spondylarthrosis, such as lumbar disc herniation, lumbar spinal stenosis,
degenerative or isthmic spondylolisthesis, and degenerative scoliosis and segmental back pain.

Both emergency and elective surgeries are recorded[80].

The registry does not include patients fulfilling the following criteria:

¢ Patients unable to give informed consent due to cognitive deficits or reduced consciousness
e Children < 16 years

¢ Patients with serious drug abuse or severe psychiatric disorders

¢ Patients with fractures, primary infections or malignant conditions in the spine

* Patients unable to respond to the declaration of consent and/or the questionnaires due to
language barriers

Data collection is done at admission for surgery, and both three and twelve months after the

operation.
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9.3

9.4

Study population
All patients were recruited from the NORspine over the period of 2007 to 2015. During the study

period the registry had a coverage (proportion of spinal centers reporting to the registry) of 95% of
all public and private institutions, and a completeness (proportion of operated patients reported to

the registry) of 65%[43].

For the purpose of this study, we excluded all patients operated on for any other conditions than
lumbar disc herniation and/or patients who underwent fusion procedures. After subsequent
exclusion of cases lost to follow-up, as well as patients diagnosed with spondylolisthesis, a total of
11081 cases were used in the analyses. In paper | and Il a smaller patient sample (6840 cases) was
created following these steps. In paper Ill the material was split at random into a training sample
(70% of cases) and validation sample (30% of cases). This was done to allow for building the

prognostic model in the training sample, and validate it in the smaller validation sample[81].

Data collection

Patients included in the registry filled out a questionnaire collecting baseline data on
demographics, lifestyle issues, and PROMs at admission for surgery (baseline). During the hospital
stay the surgeon recorded data concerning diagnosis, treatment, and comorbidities on a standard
registration form. Twelve months after surgery a questionnaire identical to that used at baseline
was distributed by regular mail. It was completed at home by the patients and returned to the
central registry unit without involvement of the treating hospitals. One reminder with a new copy
of the questionnaire was sent to those who did not respond. A copy of both questionnaires is

attached in the appendix.
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9.5

9.6

Analyses

Baseline characteristics were compared between responders and non-responders at 12 months
follow-up. Outcome differences were investigated between elective and emergent lumbar
microdiscectomies. We then investigated the correlation of four PROMs, namely the ODI, EQ-5D,
NRS back pain and NRS leg pain with the GPE, 12 months after surgery. Furthermore, we assessed
variation in postoperative scores for these PROMs between the individual GPE categories. We
consequently defined two different outcome types, “failure” and “worsening”, based on GPE
categories. We then calculated cut-off points for both the change score, the percentage change
score (except for the EQ-5D), and the final raw score for each PROM against the two outcome types
12 months after surgery. The PROM showing the highest accuracy was selected and cut-off values
were entered as the dependent variable in regression models, with patient baseline characteristics
as possible independent predictors. Based on the regression models we finally created a risk matrix

calculating the risk for a given outcome in percent.

Statistics

All statistical analyses were performed with either SPSS (IBM, Version 23.0), or R (Version 2.13.1).
In paper | we assessed the variance of PROM scores against the seven categories of the GPE with
and without adjustment for the baseline ODI, by means of analysis of variance (ANOVA) and
analysis of covariance (ANCOVA). For nominally distributed data we assessed correlation between
the PROMs and the GPE by Spearman rank correlation, and for non-nominal data (ODI raw score)
Pearson correlation was used. In papers | and Il differences in baseline characteristics for patients
lost to follow-up versus completed follow-up were investigated by independent sample t-tests
(continuous variables) and chi square tests (categorical variables). Furthermore, we compared

outcome after 12 months between emergency and elective cases, by an independent sample t-test
30



9.7

for the PROMs and by Mann-Whitney U test for the GPE. In both papers | and Il we calculated cut-
off values for the respective PROMs (in paper Il only the ODI was used), by using the coordinates of
Receiver Operating Curves (ROC) that showed the highest sensitivity and specificity for classifying a
given outcome. Overall classification rates of the PROM cut-offs against the actual outcomes were
identified by confusion matrices[82]. In paper Il we identified potential risk factors for both failure
and worsening by univariate binary logistic regression. Significant variables were consequently
included in a binary logistic multiple regression model, and removed in a backwards manual fashion
based on their level of significance. Goodness of predictions were analyzed by plotting the
observed proportion of outcome against the average predicted proportion. Chi square test was
used to assess if there were significant differences between the predicted and observed
coordinates on the graph (calibration)[83]. The discriminative ability (discrimination) was
determined by running ROC analyses of the risk values against the predicted outcome, where the

area under the curve (AUC) served as an estimate for the accuracy (C-criterion)[84].

Ethical considerations

This study is based on data collected from clinical cases. No animals, drugs, human tissue or other
live tissue samples were part of this investigation. The study protocol was submitted to the regional
ethical committee for medical research which categorized it as a clinical audit study, not in need of
their formal approval[85]. Participation in the registry is neither mandatory, nor required to receive
treatment. Except for data registration, no differences in treatment decision and hospital protocol
are done for patients participating in the registry or those who opt out. All patients are offered an

outpatient follow-up 12 weeks after the surgery.
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10 Results

10.1 Outcome definition (Paper | and Il)
ANOVA showed that both the mean ODI, EQ-5D, NRS back-pain, and NRS leg-pain scores were

significantly different between GPE groups 1-3 and 4, as well as GPE groups 4,5 and 6,7. We defined
“failure” as a patient rated outcome of GPE 4 — 7 (no change, somewhat worse, much worse, worse
than ever), and “worsening” as a patient rated outcome of GPE 6-7 (much worse, worse than ever).
All PROMs correlated significantly with the GPE. For none of the PROMs were floor or ceiling
effects found. The ODI percentage change, as well as the 12-months ODI raw score, were the most
robust in defining failure and worsening. Initially we identified cut-offs for the whole study
population (table 1). The overall correct classification rates were highest for the ODI raw and the
ODI percentage change scores, however only the ODI raw score 12 months after surgery showed

acceptable accuracy when defining failure or worsening.

During the analyses we noticed that the cut-offs are dependent on the level of baseline disability
and we additionally calculated failure/worsening cut-offs on the ODI score for three baseline ODI
groups, namely patients with low baseline disability (ODI <33, <25™ percentile), moderate baseline

disability (ODI 33-58, 25%"-75™ percentile), and high baseline disability (ODI >58, >75™ percentile).

We also identified an ODI raw cut-off for success (GPE groups 1 and 2), for all three baseline ODI
groups (table 2). Again, the ODI raw and ODI percentage change scores were the most accurate for

defining the outcome.
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Based on our cut-offs, 63-65% of patients had a successful outcome 12 months after

microdiscectomy. Furthermore, 23-27% scored as failure, and 7-8% as worsening.
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Table 1. PROM cut-offs for failure and worsening, for the entire study population.

Failure Worsening
Cut- Sens/Spec AUC (95% Cl) Corr. Cut- Sens/Spec AUC (95% Cl) Corr.
off Class off Class
% %
oDI
Change score 13 0.82,0.82 0.89 (0.88 - 0.91) 82
Percentage 33 0.86, 0.86 0.93 (0.92-0.94) 86
change score
12 month raw 25 0.89, 0.81 0.92 (0.91-0.93) 86 48 0.70,0.70 0.76 (0.72 - 0.80) 69
score
NRS leg-pain
Change score 1.5 0.81,0.76 0.87 (0.86 - 0.88) 84
Percentage 39 0.86, 0.81 0.89 (0.88 - 0.90) 84
change score
12 month raw 4.5 0.91, 0.85 0.90 (0.88 - 0.91) 84 7.5 0.64, 0.68 0.70 (0.66 - 0.75) 67
score
NRS back-pain
Change score 1.5 0.74,0.86 0.85 (0.84 - 0.86) 76
Percentage 24 0.85,0.81 0.87 (0.86 - 0.88) 86
change score
12 month raw 5.5 0.81, 0.87 0.92 (0.91-0.93) 86 7.5 0.78, 0.64 0.77 (0.73 - 0.81) 68
score
EQ-5D?
Change score 0.10 0.76, 0.83 0.85(0.84 - 0.87) 82
12 month raw 0.63 0.81, 0.85 0.91 (0.90-0.92) 85 0.09 0.76, 0.60 0.71(0.67 - 0.75) 65

score

Cut-offs were calculated for the four different PROMs against the GPE by means of ROC analyses. All cut-off

values with corresponding sensitivity and specificity, area under the curve (95% confidence interval) and

percentage of correctly classified. For worsening, only the 12-month raw scores were used, all other cut-offs
had an AUC<0.70. * not possible to calculate % change score for EQ-5D.
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Table 2. Baseline dependent cut-offs for success.

AUC 95% ClI Cut-off sens/spec Accuracy
(%)
12-months
ODI raw
score
ODI Prescore
<25th percentile 0.92 0.90-0.93 13 0.81/0.88 83
25-75th percentile 0.95 0.94-0.95 21 0.85/0.89 86
>75th percentile 0.94 0.93-0.96 28 0.89/0.85 88
ODI change
ODI Prescore AUC Cl Cut-off sens/spec Accuracy
(%)
<25th percentile 0.89 0.88-0.91 9 0.77/0.84 79
25-75th percentile 0.92 0.91-0.93 24 0.83/0.84 83
>75th percentile 0.92 0.91-0.94 48 0.85/0.84 85
oDI %
change
ODI Prescore AUC cl Cut-off sens/spec Accuracy
(%)
<25th percentile 0.91 0.90-0.93 39 0.82/0.84 83
25-75th percentile 0.94 0.94-0.95 53 0.86/0.88 86
>75th percentile 0.94 0.93-0.96 66 0.85/0.88 88

Cut-offs were calculated for three ODI metrics, the change score, the % change score, and the 12-months ODI
raw score, by means of ROC analyses. AUC = Area Under the Curve, Cl = 95% Confidence Interval, sens =
sensitivity, spec = specificity. Overall accuracy was determined by a confusion matrix.
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10.2 Outcome prediction (Paper lll)

Based on the results in papers | and Il we chose the ODI raw score at 12-months as the PROM
which cut-offs should be predicted for both failure and worsening. Depending on the level of
baseline disability (preoperative ODI) we split the study population into three groups, namely those
with a baseline ODI below the 25" percentile, above the 75" percentile, and in between the 25"
and 75 percentile. We built one model for both failure and worsening in each group. Based on the
results from the uni- and multivariate regression analyses, each model resulted in three risk
matrices, with 7-11 different covariates. Smoking, an educational level with less than four years of
college or university education, and the presence of more than 12 months of back pain prior to
surgery were significant risk factors common to all six matrices. Discriminative ability of the model
was acceptable, but calibration testing showed that the matrix predicting worsening in the high ODI
baseline group (ODI >58) deviated significantly (p<0.1) from the optimal prediction line (Fig 1),

suggesting possible underestimation of the outcome. The final model is shown in figure 2.
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Figure 1 Model validation
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predicted outcome. The p-value from the chi square test for the coordinates vs the optimal prediction line is indicated in the lower right corner. A p-value <
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Figure 2. Prediction model for failure or worsening.

Patient

Baseline ODI' Score

Female y/n Female y/n

Female y/n

Age =60 y/n
Y

Age > 60 y/n Age > 60 y/n

Low education? y/in Low education y/n Low education y/n

Non-native speaker Non-native speaker
yin y/n

Smoker y/n ASAT grade >2 yin

Anxwetyf?ﬁ]press\on Obesity y/n

Obesity? yin
Smoker y/n

Anxiety/Depression?
/]

Backpain = 12
months y/n

Backpain > NRS® 5

Smeker y/in

Backpain = 12 Anxiety/Depression
months y/n y/n

Previously operated

Unresclved disability
pension issue’ yin

Backpain > Legpain
yin

Previously operated Backpain = 12
y/n months y/n

Unresolved disability Previously operated
pension issue y/n y/n
| Unresolved disability

pension issue y/n

Backpain > NRS 5 y/n

Unresolved insurance
claim® y/n

A

Risk for failure in %

Risk for worsening in %

Model algorithm for the three ODI baseline groups. Based on the preoperative ODI the patient will be
classified via one of the three pathways, calculating an overall risk for either failure or worsening. Risk is
calculated from the odds of each risk factor. The risk factors are listed in random order, and their place in
the sequence does not reflect their odds. *Range: 0-100 (no-maximal disability). The ODI score was <33,
33-58 and >58 in the subgroups with low, medium high baseline disability, respectively.?Less than four
years of college/university education. 3Body Mass Index 230. “EQ-5D 3L questionnaire; 5 item, moderate
to severe problems. SPending medical claim/ litigation the Norwegian public welfare agency fund concerning
disability pension. 6Numeric Rating Scale (0-10). “American Society of Anesthesiologists grade 8Pending
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medical compensation claim/litigation against private insurance companies or the public Norwegian System
of Compensation to Patients.
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11 Discussion

11.1 Main finding

The main finding of this thesis is that we were able to develop a prognostic model for failure
and worsening 12 months after lumbar microdiscectomy, based on data from the Norwegian
registry for spine surgery. We also found that unfavorable outcome can readily be defined by
cut-offs on the ODI, NRS backpain, NRS legpain, and EQ-5D. The ODI percentage change, and
the final ODI score 12 months after surgery were the most accurate PROMs for this purpose.
The final ODI score after 12 months was also able to define a favorable outcome after surgery
with high accuracy. Furthermore, cut-offs for all metrics, were depending on the amount of

preoperative baseline disability.

11.2 Outcome definition

11.2.1 Advantages and disadvantages of PROMs

Since their inception, PROMs have gained in popularity due to several advantages. They allow
for measuring the impact of chronic pain conditions such as disability, symptom burden, and
quality of life from the patients’ own perspective, whereby eliminating observer bias (no
surgeons rating of the outcome). Moreover, they facilitate communication and shared decision
making. Since they assess domains important to the patient, they also increase self-

awareness[52,54,56,86].

While PROMs offer significant advantages, they also bear some inherent problems. Since they
are based on the patient’s own assessment, and often are measured prior to and after a given
intervention, they are susceptible to the lapsing memory (recall bias) and change in the
patients’ value construct (response shift). Recall bias simply implies that a patient does not

remember his or her rating on a given dimension of the PROM, e.g. how badly the symptom
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intensity was 12 months ago[87]. Response shift basically implies a change in the patient’s
perspective of the PROM items. Response shift can be further classified into recalibration
(change in internal standard of the patients assessment of his/her wellbeing), reprioritization
(the same items of health related quality of life do not carry the same weight in the patient’s
own perception of quality of life), and reconceptualization (redefinition of the concept)[88]. In
addition, PROMs can exhibit floor or ceiling effects, where the potential disability could extend
beyond the scale leading to a grouping of patients who might consider their disability levels

differently[89,90].

11.2.2 Choosing the right anchor

When choosing an anchor for establishing cut-offs of clinical significance against the PROMs,
this anchor should be intuitively meaningful, able to inform on the change over time, as well as
reflect the PROM’s concept[91]. Ideally it should also be objective, easy to measure, and

applicable in all kinds of clinical settings. Yet no such anchor exists.

The GPE is based on the patient’s ability to recall hers/his symptom state 12 months earlier, and
compare it to the symptom state at the time of the assessment. Both assessments, the previous
and the current, are potentially biased in the same way as PROMs, and as explained in the
previous chapter. The ability to remember the level of symptoms and disability varies from
patient to patient, and some might not recall accurately how they felt before the surgery (recall
bias)[65]. Furthermore, when assessing the symptom state at the time of follow-up, other
factors than pain and disability might influence the patients rating of his or her overall health,
and thereby potentially influencing the rating of the outcome on the GPE scale (response
shift)[57,92]. Patient expectations and their discrepancy to the actual outcome can also
influence the overall rating of surgery[77,93]. Other measurements have been suggested, such

as the clinicians rating of outcome, which has been proven to differ from the patients
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perspective [52,94]. More objective measures such as return to work, painkiller use, or other

group specific metrics exclude subgroups of patients and are more difficult to measure.

To the best of my knowledge, the GPE is currently the most optimal approximation to a gold
standard anchor. This is also reflected in the recommendations of the Food and Drug

Administration (FDA) and IMMPACT consensus group[49,50].

11.2.3 Failure and worsening

In chronic pain conditions, any surgery resulting in no improvement or even worse symptoms
after the surgery, can hardly be viewed as beneficial. Outcome constructs defining positive
results after surgical interventions on the spine have previously been evaluated[67], and
clearance of all symptoms naturally leads to an outcome being rated as successful. We aimed at
defining the negative spectrum of outcome after lumbar microdiscectomy, and we chose two
categories, namely failure and worsening. In paper | ANOVA analyses of the ODI against the GPE
showed that GPE categories 1-3 (completely recovered, much better, somewhat better) were
significantly different from category 4 (no change) (fig. 3). Furthermore, categories 4-5 (no
change, slightly worse) and 6-7 (much worse, worse than ever) were clearly distinguishable. We
therefore decided to define one outcome class as failure, where the patient reported no change
or a worse status 12 months after surgery. We also defined a category where the patient
reported at least a much worse outcome after surgery, termed worsening. A large proportion
(24%) of patients classified themselves as somewhat better, unchanged, or somewhat worse
after surgery, based on the GPE. However, those in the somewhat better group showed a mean
improvement on the ODI over 15 points, which crosses the threshold of the MCIC[95]. Thus,
these patients should neither be classified as success, nor as failure. We termed this group non-

success.
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Figure 3. Analysis of variance (ANOVA)
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Analysis of variance (ANOVA) of the mean final ODI raw score 12 months after lumbar microdiscectomy
against the Global Perceived Effectiveness scale (GPE) ranging from 1 — completely recovered, to 7 —
worse than ever.
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11.2.4 ODI superiority and final score versus change score

In paper | ROC analyses showed that the ODI was superior to the NRS back-pain, NRS leg-pain,
and the EQ-5D when determining a cut-off for both failure and worsening. This is not surprising
since ODI is both a disease specific metric, as it takes in account more than one dimension of
pain. Thus, it is also from a clinical perspective more suitable, than e.g. the NRS leg-pain[67,96].
It has been previously validated for the Norwegian population[97], and in our studies we could

not identify floor or ceiling effects.

In both papers | and Il we could see that the ODI change score in points clearly had inferior
measurement properties than the ODI raw score, or the ODI percentage score for defining
outcomes cut-offs. This has also been shown in a large medical registry study in the US[98], as
well as for a lumbar spinal stenosis study in the NORspine[99], and makes sense as the change
in points does not reflect the underlying magnitude of improvement or worsening (i.e. a patient
improving 30 points with a baseline ODI of 40 experienced a much larger improvement than a
patient with a baseline ODI of 70). Our results also confirm the notion that the final ODI score is
of importance when the patient rates his or her outcome after 12 months[65]. Symptoms may
well have improved from baseline, yet the patient might consider the outcome as failed, or even
worsened. Figure 4 shows how patients who actually experienced improvements from their
baseline ODI, report outcome scores indicating that they feel unchanged or even worse after
the surgery. This illustrates the importance of a disability score as the entity defining failure or
worsening (or positive outcomes on the other end of the scale), versus simply using the patient
rated outcome, or even the surgeon’s own opinion. Furthermore, this implies that change alone
is not the sole arbiter of a substantial benefit to the patient, and that the final ODI score plays a
role in the patients’ perceived benefit of the surgery. This is also a finding of other studies,

identifying a Patient Acceptable Symptom State (PASS) on the ODI[69,100].
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11.2.5 The impact of baseline disability

ROC analyses in papers | and Il show that all cut-offs for the ODI, independent of metric, differ
based on the preoperative ODI score. Patients with a larger amount of disability need to
perceive a larger amount of improvement, not only in points but also in percent, in order to rate
the surgery not as failure or worsening. This is in accordance with a similar study[98].
Consequently, the baseline ODI needs to be controlled for, when developing outcome criteria
and prognostic models. One simply cannot apply the same criteria for a patient with a rather

low baseline disability, vs a patient on the high end of the spectrum.

11.2.6 Limitations of the minimal clinical important difference

The MCIC has previously been recommended as an outcome criterion for success after spine
surgery[62]. This is somewhat problematic as the MCIC is a fluid construct[101], proven to be
shifting in magnitude based on the amount of baseline disability a patient experiences before
surgery, as well as the time passed since the surgery[52]. Many patients might experience
change corresponding to the MCIC, and yet rate their outcome negatively. This is illustrated in
figure 4, where the yellow diagonal line represents a change of 15 points in the ODI between
baseline and 12 months after lumbar microdiscectomy. This line delineates the generally
accepted MCIC for the ODI[95]. All points to the right of that line have achieved a postoperative

improvement larger than the MCIC, yet many patients score as failed or worsened.
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Figure 4. The Minimal Clinical Important Difference (MCIC) versus the cut-offs
for failure and worsening on the final ODI raw score
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Y axis: ODI raw score at 12 months vs X axis: ODI at baseline. The blue diagonal line represents no
change. The yellow diagonal line represents the MCIC of 15 points. Coordinates to the right of the yellow
line represent patients who have achieved the MCIC 12 months after microdiscectomy. The red line
indicates the 12-month ODI raw cut-off, above which patients consider themselves as worse, irrespective of
the change experienced. The orange line represents the ODI raw cut-off for failure.
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We suggest that stronger criteria, such as success or failure/worsening are to be used when one
wishes to improve quality of care, instead of minimal changes such as the MCIC. Rather than
drawing conclusions in regard to outcome and their implications in terms of clinical significance,

the MCIC can be used when comparing outcome across groups or interventions.

Aside of questions around the clinical implication, neither the MCIC or metrics of larger
amplitude such as the substantial clinical change take into account the cost of treatment. This
might not matter to the patient, but very much to the legislator, administrator, politician, and
society, who in the future might want to see value for their money in terms of clinical effect

achieved per unit currency spent[47,101].

11.3 Outcome prediction

In paper lll we developed a prognostic model resulting in six risk matrices predicting negative
outcome (failure/worsening) 12 months after surgery for lumbar disc herniation. Each matrix is
applicable to a baseline ODI range (<25™, 25-75%, or >75™ baseline ODI percentile). It is
important to note that the model was built based on data from a population of patients who
were all referred to surgery, and had undergone lumbar microdiscectomy. Thus, the model
might not be applicable for patients who are evaluated in general practice and who might
benefit from noninvasive treatment options. Furthermore, the model was built based on patient
data from the NORspine, and thus usability and feasibility in other spine registries needs to be

assessed.

11.3.1 Creating a prognostic model

In prognostic modelling, especially in the field of medicine, two main methods are used. The
traditional approach is multivariable analysis, while the more novel approach is based on
artificial neural networks[102]. The discussion of the latter is beyond the scope of this
dissertation. Multivariable analysis determines contributions of various factors to a single
outcome. It’s a powerful tool which can be utilized for different purposes, mainly to either shed
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light on the importance of each individual factor in regards to the outcome (used in
epidemiological, associative studies), or to predict a given outcome based on the presence or
absence of risk factors and possibly unknown secondary factors (confounders). The latter

method is used for prognostic modelling and is the method of choice for this dissertation.

Due to the nature of the majority of variables collected in the NORspine, we chose logistic
regression where the included covariates are dichotomous (yes or no). This allows for the
calculation of odds ratios (OR), from which probabilities can be calculated. The advantage of this
is that the concept of a probability for a given outcome is easy to understand for both patient
and clinical caretaker, as opposed to coefficient values from linear logistic regression models.
However, dichotomization also bears disadvantages. Information from continuous observations
is lost, and patients are pooled into categories leading to the same outcome prediction, albeit
having potentially different risk values. Dichotomization also hampers comparability with other

studies on the same subject, using different cut-off points on the linear scales[103].

While associative models are sensitive for confounders, prognostic models make no
assumptions in their regard[104]. Thus, based on our analyses we cannot make an assumption
on the causal relationship between smoking and the outcome after lumbar microdiscectomy.
Our model shows that smoking increases the risk for failure and worsening as an outcome after
lumbar disc surgery. While smoking might directly have an impact on the outcome, its effect

might very well be mediated by a known or unknown confounder.

When building a multiple regression model, one can choose between an automatic or manual
approach, and in case of the latter between a forward, backward, or subset method. Automatic
methods act non-discretionally based solely on mathematical reasoning. While this approach is
criticized due to issues with confounding in associative modelling, it is also not optimal for

predictive models. This is due to the fact that in some cases clinically important variables are
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excluded in favor of other variables just because of a minor difference in mathematical
statistical significance. Manual models have the advantage of clinical discretion and better
transparency. For our purpose we chose manual backward regression. We first made a
preselection of variables by univariate regression, assessing the predictive power of each
covariate on its own against the outcome. Significant variables were consequently entered in
the model simultaneously, and then the weakest one was excluded until only statistically
significant variables remained[84]. Based on clinical discretion we also included age and gender,
irrespective of statistical significance. Because previous findings indicated that the rating of the
outcome 12 months after surgery is strongly influenced by the amount of baseline disability
based on the ODI score, we chose to create subset models for three baseline strata, resulting in

the six risk matrices.

Once a model is built and risk matrices calculate the probability for a given outcome, the
question is as to the accuracy of said predicion. In the case of logistic regression, a
recommended method is to compare the proportion of predicted risk to observed outcome in
groups of patients, i.e. in a group of 100 patients averaging a 30% predicted probability of a
given outcome, optimally 30 patients should achieve this outcome[84]. Our results illustrate this
assessment in figure 2. The reader may note that the 95% Cls are larger for the three matrices
predicting worsening, indicating a smaller sample size. This represents a weakness in the
models, resulting from a rather low incidence of worsening as an outcome 12 months after
surgery. Nevertheless, aside of the matrix predicting worsening in those with a baseline ODI
above the 75" percentile, observed proportions of outcome did not deviate significantly from
the average predicted probability. It is important to note though, that this might only hold true
for our study population and that the model’s reliability might be insufficient when evaluated in

other patient populations, for example in other clinical registries[71,84,105].
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11.3.2 Choice of risk factors

When developing a prognostic model, one has to make a choice in regards to which risk factors
to include in order to predict the given outcome. Simply including any factor available in the
dataset would lead to the best accuracy for the given model applied in the data set it was
developed from, and while that is well within the purview of a prognostic regression model, this
approach would hamper its generalizability to other clinical registries and its applicability in
clinical practice. In order to develop a both clinically meaningful and generalizable prediction
model, risk factors included should be readily available, simple to measure, and at the same
time carry a high predictive value. Based on these criteria, we chose covariates which have
previously been identified, such as intensity of low back pain and leg pain, BMI, educational
level, previous back surgery, smoking, and unresolved issues with disability funds or medical
insurances[106,107,116-119,108-115]. While all operated patients had an MRI confirmed
lumbar disc herniation, the registry does not collect data on prolapse morphology. This might be
a weakness in the model, however the contribution of image findings to prognosis is not clearly

established[120,121].
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11.4 Handling of missing data

We report a lost to follow-up rate at 12 months of 31-32% in our papers. Among non-
respondents we found a statistically significant higher proportion of risk factors for a negative
outcome in patients that smoke, have a lower educational level, have had previous lumbar disc
surgery, and those receiving sickness or disability payments. At the same time these cases also
showed a higher proportion of positive risk factors, as in they were younger, more likely to be
men, suffering from less comorbidities, and had less severe limb paresis. Still, loss to follow-up
could represent a selection bias, if these cases would show a significant difference in outcome
against our study population[122,123]. This issue has been addressed not only in the
Norwegian, but also the Swedish and Danish spine registries, where patients lost to follow-up
were traced and interviewed. The studies found the same baseline differences when comparing
responders to non-responders, yet no differences in outcome between the two groups up to 24

months after surgery[124-126].

Aside of missing outcome data for those lost to follow-up, we reported low percentage of
missing data for baseline values in all PROMs. The largest proportion of missing data in all three
studies was found in paper lll, where the BMI as a possible risk factor had approximately 10% of
datapoints missing. Based on the results from the studies mentioned above, we deleted missing
data in a pairwise fashion. In longitudinal studies one has the option to estimate values of
missing data by different methods of imputation, namely cross sectional or longitudinal
imputation. In regards of outcome data lost to follow-up, a popular method is imputation by
carrying the last known observation forward to the end-point. Carrying forward 3-month follow-
up values of the ODI to estimate 12-month outcomes is not advised[127,128]. The NORspine
does not register outcome values between these two timepoints, thus more advanced

longitudinal methods cannot be applied here. When handling missing baseline values, cross
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sectional imputation could be applied by taking the mean of either all available values for a
given variable (mean of series imputation), or the mean of a random set of cases with similar
baseline characteristics for a given variable. Another, more sophisticated, method is building a
prognostic model predicting a given baseline variable, based on the presence of other baseline
variables. The main author considered the first two methods to be guessing at best. The last
method was not considered, as predicting BMI based on other socioeconomic variables
potentially carried significant bias in itself, and goes far beyond the scope of this study. For this
reason, cross sectional regression is only advised for missing outcome variables but should not
be applied to estimate predictor variables. It has also been shown that imputation of missing
data has no significant impact on the final models with 10% missing values at baseline.
Furthermore, imputation of missing data of larger proportion led to weakening of the regression

models[129].

Instead of trying to estimate missing values, we rather recommend to use data from the whole
study population in order to calibrate the prognostic models, and subsequently assess
applicability and discriminative ability in another study population, such as in another spine

registry.

11.5 Model application

The prediction model developed in paper Il is based on data from patients who already have
undergone lumbar microdiscectomy. Thus, these patients have prior been selected as suitable
candidates for surgery by either a neurosurgeon, or an orthopedic surgeon. The model is aimed
at aiding the surgeon and the patient in the shared decision-making process, especially when
the grounds for a surgical indication are weak or uncertain. Furthermore, the predicted

outcome can be helpful in setting expectation levels prior to surgery.
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12 Future Perspectives

Spine care is an expensive business, and regulators are voicing the need for a value-based
approach[130,131]. Spine care patients are a heterogenous population, with varying levels of
expectations and means to cope with pain. There is a need to make personalized informed
decisions about a surgical treatment the outcome of which cannot be measured by means of
survival rates, but is so very important for the quality of life[132]. This work represents the first
step in predicting outcome after a common surgical intervention for a chronic pain condition in
a heterogenous patient group, on a large scale. | hope that our model can be externally
validated in another spine registry population, and consequently be the platform for a risk
calculator to be tested in clinical practice. A possible scenario would be to compare differences
in practice and outcome between two units, where one is applying the calculator during the
surgeon/patient shared decision-making process. If proven useful, similar concepts can be

applied in decision processes for surgical treatment of other degenerative disorders.

Novel, artificial intelligence (Al) driven prediction of outcomes, is increasingly gaining ground
also in the field of neurosurgery[133,134]. We expect these techniques to take a central partin
medical decision making in the future, also in the field of surgical indication judgement. It will
be interesting to see if an Al can handle the complex interaction of risk factors better than a

human brain, in order to improve quality of care.

53



13 Conclusion

In this dissertation we have analyzed data on patients operated for lumbar disc herniation by
means of lumbar microdiscectomy. Patient participation in the studies, by partaking in the
NORspine registry, has not led to additional examinations or deviation of treatment protocol
from regular clinical practice. We defined cut-off values on validated PROMs to classify
outcomes as “success”, “failure”, and “worsening”. The ODI percentage change, and the final
ODI score 12-months after lumbar microdiscectomy were the most accurate in defining these
outcomes. As the result of our analyses, we propose a prognostic model for two outcomes,
namely failure and worsening, one year after surgery for lumbar disc herniation. The model is
built based on previously identified risk factors, and outcome criteria identified based on the

patient’s own rating of outcome compared to self-reported disability scores.
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Abstract

Purpose In clinical decision-making, it is crucial to discuss
the probability of adverse outcomes with the patient. A
large proportion of the outcomes are difficult to classify as
either failure or success. Consequently, cutoff values in
patient-reported outcome measures (PROMs) for “failure™
and “worsening™ are likely to be different from those of
“non-success”. The aim of this study was to identify
dichotomous cutoffs for failure and worsening, 12 months
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after surgical treatment for lumbar disc herniation, in a
large registry cohort.

Methods A total of 6840 patients with lumbar disc herni-
ation were operated and followed for 12 months, according
to the standard protocol of the Norwegian Registry for
Spine Surgery (NORspine). Patients reporting to be
unchanged or worse on the Global Perceived Effectiveness
(GPE) scale at 12-month follow-up were classified as
“failure”, and those considering themselves “worse™ or
“worse than ever” after surgery were classified as “wors-
ening”. These two dichotomous outcomes were used as
anchors in analyses of receiver operating characteristics
(ROC) to define cutoffs for failure and worsening on
commonly used PROMs, namely, the Oswestry Disability
Index (ODI), the EuroQuol 5D (EQ-5D), and Numerical
Rating Scales (NRS) for back pain and leg pain.

Results “Failure™ after 12 months for each PROM. as an
insufficient improvement from baseline, was (sensitivity
and specificity): ODI change <13 (0.82, 0.82). ODIl%
change <33% (0.86, 0.86), ODI final raw score >25 (0.89.
0.81), NRS back-pain change <1.5 (0.74, 0.86), NRS back-
pain % change <24 (0.85, 0.81), NRS back-pain final raw
score >5.5 (0.81, 0.87), NRS leg-pain change <1.5 (0.81,
0.76), NRS leg-pain % change <39 (0.86, 0.81), NRS leg-
pain final raw score >4.5 (0.91, 0.85), EQ-5D change
<0.10(0.76, 0.83), and EQ-5D final raw score >0.63 (0.81,
0.85). Both a final raw score >48 for the ODI and an NRS
>7.5 were indicators for “worsening” after 12 months,
with acceptable accuracy.

Conclusion The criteria with the highest accuracy for
defining failure and worsening after surgery for lumbar disc
herniation were an ODI percentage change score <33% for
failure and a 12-month ODI raw score >48. These cutoffs
can facilitate shared decision-making among doctors and
patients, and improve quality assessment and comparison
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of clinical outcomes across surgical units. In addition to
clinically relevant improvements, we propose that rates of
failure and worsening should be included in reporting from
clinical trials.

Keywords Lumbar disc surgery outcome - Failure -
Worsening - Spine registry - Patient-reported outcome
measures

Introduction

In spine surgery, several well-validated patient-reported
outcome measures (PROMs) have been recommended,
such as the Oswestry Disability Index (ODI) [1], Numeri-
cal Rating Scale (NRS) for leg pain and back pain [2], and
the EuroQol 5D (EQ-5D) [3]. Still, clinicians are often
unfamiliar with their interpretation. In large cohorts, even
small and clinically irrelevant PROM changes tend to reach
statistical significance [4]. To provide cutoffs on PROM
changes that are perceived as meaningful and important by
the patients, the “minimal important change™ (MIC) has
been defined by various methods [5-7]. A recent review
proposed an MIC cutoff for the ODI of ten points, or 30%
improvement from baseline [8]. Several studies have
identified MIC cutoffs for the NRS back pain and leg pain
from 2 to 2.5 [8, 9]. In addition, cutoffs for substantial
clinical improvements, such as “success” after lumbar disc
surgery, have been reported both for the ODI (20), NRS
back pain (2.5), NRS leg pain (3.5), and EQ-5D (0.3)
[9-11]. A large proportion of the patients are difficult to
classify as either improved, unchanged, or worse after
surgery [12]. Consequently, cutoffs on the PROMs for
deterioration and “failure” may be different from those of
“non-success”. Previously, authors have used various
methods and different concepts for defining cutoffs for
clinical meaningful improvements [10, 12], resulting in a
diversity of recommended threshold values [8, 21, 22].
This makes it even more difficult to disentangle “failure™
from constructs developed to identify improvements. There
is clearly a grey zone between “failure™ and “non-success”
[13], “minimal meaningful improvements™, or a “satis-
factory symptom state” [14]. Using an external anchor
method to define “failure™ more accurately could provide
more robust definitions of this outcome category [11]. It is.
therefore, important to differentiate between “failure™ and
“non-success .

The indication for operative treatment of lumbar disc
herniation is relative, and the decision to operate must be
based on a trade-off between possible benefits, risks, and
costs [15]. In clinical trials, focus is generally placed on
improvements such as “success rates”. To enhance quality
assessment and shared decision-making, it is crucial to

‘2] Springer

consider the other end of the scale and to discuss the
possibility of adverse outcomes with the patients. Avoiding
inefficient operations may have a greater impact on treat-
ment outcomes, than improving surgical technique [16].
The first step would be to try to define cutoffs for “failure™
and “worsening” on the PROMs. When informing the
patient about possible outcomes, we think that it is
important to differentiate between being unchanged after
surgery, which might be an acceptable risk, and actually
getting worse, which might be harmful. Previous studies
show that larger cohorts are needed to clearly define clin-
ically meaningful thresholds for such outcomes. especially
for worsening [17, 18].

The Norwegian Registry for Spine Surgery (NorSpine)
collects clinical data (PROMs) on the majority of patients
operated for lumbar disc herniation in Norway. Its purpose
is to evaluate treatment outcomes from the “real life” of
daily clinical practice and use this information to improve
the quality of the health services [19, 20]. The aim of this
study was to estimate the most accurate cutoffs for both
failure and worsening after surgical treatment of lumbar
disc herniation, using data from the large registry cohort of
the NORspine. Such benchmark criteria could be used for
calculating sample size in research and facilitate shared
decision-making among doctors and patients, clinical audit,
and comparisons of outcomes across surgical units.

Methods
Patient population and data collection

6840 patients operated for lumbar disc herniation between
January 1st, 2007 and February 28th, 2014 were followed
for 12 months, according to the standard NORspine pro-
tocol. The NORspine is a comprehensive clinical registry
for quality control and research. Both emergency and
elective cases are registered. We included all patients who
were treated for lumbar disc herniation with lumbar dis-
cectomy and/or herniectomy. Fusion procedures or
laminectomy with removal of midline structures were not
included. Table | describes the exclusion criteria in the
current study. This study comprises 38 of 40 (95%) Nor-
wegian private and public centers, performing surgery for
degenerative spinal disorders. The inclusion rate for lumbar
disc herniation is currently about 65% in the NORspine.
Informed consent was obtained from all patients and
participation was neither mandatory, nor required to gain
access to healthcare. According to Norwegian legislation,
patients over the age of 15 can independently consent to
participation in the registry. The registry protocol has been
approved by the Data Inspectorate of Norway. This study
was submitted to the regional ethical committee for
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Table 1 NORspine exclusion criteria

s Patients unable to give informed consent due to cognitive deficits or reduced consciousness

e Children <16 years
* Patients with serious drug abuse or severe psychiatric disorders

» Patients with fractures, primary infections or malignant conditions in the spine

# Patients unable to respond to the declaration of consent andfor the questionnaires due to language barriers

medical research which categorized it as a clinical audit
study, not in need of their formal approval [21].

At admission for surgery, the patients completed a
baseline questionnaire on demographics, lifestyle issues,
and PROMs. During the hospital stay, the surgeon recorded
data concerning diagnosis, treatment, and comorbidity on a
standard registration form. Twelve months after surgery, a
questionnaire was distributed by regular post. completed at
home by the patients, and returned to the central registry
unit without involvement of the treating hospitals. One
reminder with a new copy of the questionnaire was sent to
those who did not respond.

Patient-reported outcome measures

The PROM questionnaires were identical at baseline and

follow-up. The ODI version 2.0 was used to assess pain-
related disability. It contains ten questions on limitations of
activities of daily living. Each item is rated 0-5 and then
transferred into a percentage score ranging from 0 (none)
to 100 (maximum pain-related disability) [1].

Pain was reported on the numerical rating scale of 0-10
for both back pain (NRS back pain) and leg pain (NRS leg
pain), where 0 = no pain and 10 = worst conceivable pain
[2].

Generic health-related quality of life was assessed by the
EQ-5D [22], which has been validated for a similar patient
population [23]. It evaluates five dimensions: mobility.
self-care, activities of daily living. pain, and anxiety and/or
depression. For each dimension, the patient describes three
possible levels of problems (none, mild-to-moderate, and
severe). This descriptive system, therefore. contains
3% = 243 combinations or index values for health status.

The total score ranges from —0.59 to 1, where | corre-

sponds to perfect health and 0 to death. Negative values are
considered to be worse than death.

The patient-rated benefit of the operation was rated on a
Global Perceived Effect scale (GPE) at follow-up [24]. The
response alternatives were: 1 = “completely recovered™,
2 = “much better”, 3 = “somewhat better”, 4 = “no
change™, 5 = “somewhat worse”, 6 = “much worse”,
and 7 = “worse than ever”.

Definition of failure and worsening

Patients reporting to be unchanged or worse (categories
4-7) on the GPE scale at 12-month follow-up were clas-
sified as “failure”, and those considering themselves worse
or worse than ever (GPE 6-7) were classified as
“worsening”.

Statistics

All statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS, IBM Version 23.0).

We excluded all patients who did not respond at
12 months, and compared baseline characteristics of both
respondents and non-respondents. This strategy was based
on a study on a comparable patient population from
NORspine and a recent and similar Danish study [25, 26].

For all PROMs, the mean change, mean % change
(except for EQ-5D). and mean final raw score were
assessed against the GPE by one-way analyses of variance
(ANOVA) with post hoc analysis (Tukey, o = 0.05) and
by analyses of co-variance (ANCOVA, generalized linear
model) with adjustment for baseline scores. Correlation
analyses between PROMSs and the GPE were done by
Spearman rank correlation for all measures, except for the
final raw scores in which Pearson was used.

Cutoffs for all scores were estimated by Receiver
Operating Characteristic (ROC) curves. When analyzing
criteria for “failure”, cases with failure were defined as
those who reported to be unchanged or worse (categories
4-7) on the GPE scale at 12 months. All other categories
on the GPE scale (1-3) were defined as “no failure”. When
comparing patients, reporting being considerably worse
(GPE 6-7), with those who reported an unchanged status
(GPE 4-5), those reporting improvement (GPE 1-3) were
excluded from these analyses. To determine the cutoff with
the highest sensitivity and specificity for both failure and
worsening, the closest point to the upper left corner of the
ROC curve was calculated from the coordinates of the
curve. Area under the curve (AUC) calculations were
performed to determine how well the instruments differ-
entiated between the outcome groups. An AUC value of
>(0.70 was considered acceptable [27]. The overall
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accuracy for each cutoff was calculated with a confusion
matrix. In the presentation of the results, we included AUC
and cutoff values only for variables with an AUC value
above 0.70. Results for PROMS with poorer accuracy can
be provided on request.

To investigate whether the optimal cutoffs differed
between important subgroups in the registry sample, sen-
sitivity analyses were performed between first time vs
reoperation and between macroscopic (“open”) vs micro-
scope or loupe-assisted discectomy. To evaluate the impact
of different baseline scores on the cutoffs, cutoff calcula-
tions were also carried out on those with low- and high
baseline disability.

Differences between elective and emergency cases at
12-month follow-up were calculated for all PROMs by
Student’s t test and for the GPE by Mann—Whitney U test.

Floor and ceiling effects were assessed by calculating
the frequency of the highest and lowest possible scores at
baseline. If 15% of patients had a minimal or maximal
score value at baseline, these were considered as floor or
ceiling effects |27, 28].

Results

6840 out of 9930 (69%) patients had 12-month follow-up
data. Among those lost to follow-up were more smokers. a
higher number of sickness benefits recipients, and more
patients who had been operated previously (Table 2).
Furthermore, they had a lower level of education, and
fewer were operated on for paresis. Except for back pain,
there was no statistical significant difference in PROMs at
baseline. Patients who did not respond to the follow-up

scored slightly higher for back pain than those who
responded.

During surgery, an operating microscope or loupes were
used in 5936 of 6840 (87%) cases. A total of 885 (13%)
had a reoperation on the same level, 466 (7%) on a dif-
ferent level, and 66 (1%) on both the same and a different
level between L1 and S1. The perioperative complication
rate was 169 (3%) with 115 (2%) dural tears, 21 (0.3%)
nerve root injuries, 24 (0.4%) hematomas requiring trans-
fusion or reoperation, and 9 (0.1%) cardiorespiratory
complications.

Few data points were missing for the baseline PROMs:
ODI (13, 0.2%), EQ-5D (252, 3.7%), NRS back pain (170,
2.5%), and NRS leg pain (159, 2.3%). At 12-month follow-
up, 40 (0.6%) were missing data on GPE, 11 (0.2%) on
ODI, 520 (7.6%) on EQ-5D, 47 (0.7%) on NRS back pain,
and 66 (1%) on NRS leg pain. GPE scores for the entire
population are shown in Table 3. Mean improvement (95%
ClI) for each PROM from baseline to 12-month follow-up
for the total sample was 28.7 (28.2-29.2) for the ODI, 0.45
(0.44-0.46) for EQ-5D. 3.2 (3.1-3.3) for back pain, and 4.4
(4.3-4.5) for leg pain, p < 0.001.

The Spearman rank correlation coefficients between the
GPE and the change scores of the instruments were high
for mean % changes with 0.8 for the ODI, 0.7 for NRS
back pain and leg pain, and moderate for mean changes
with 0.6 (ODI), 0.5 (NRS back pain), 0.6 (NRS leg pain),
and 0.5 (EQ-5D). The Pearson correlation coefficients were
high for all the final raw scores with 0.8 (ODI), 0.7 (NRS
leg pain), 0.8 (NRS back pain), and 0.7 (EQ-5D). All
correlation coefficients were statistically  significant
(p < 0.001).

ANOVA with post hoc analysis (Tukey, o= 0.05)
indicated that the mean changes of all of the PROMs were

Table 2 Baseline patient
characteristics for respondents

Vs non-respondents

Characteristic Respondents Non-respondents p value
Receiving sickness or disability payment, n (%) 4180 (61) 2026 (66) <0.001
Smokers, n (%) 1936 (29) 1222 (40) <0.001
BMI, mean (SD) 26.6 (4.2) 27.0 (4.7) <0.001
University or college education, n (%) 2561 (37) 962 (31) <0.001
Operated for paresis, n (%) 1321 (19) 330 (17) 0.01
Emergency surgery, n (%) 653 (9) 291 (9) 0.84
Previous lumbar disc surgery, n (%) 1417 (21) 745 (24) <0.001
ASA, mean (SD) 1.5 (0.6) 1.5 (0.6) 0.10
Comorbidity, n (%) 1664 (28) 674 (26) 0.014
Mean ODI (SD) 45.99 (18.9) 45.69 (18.4) 0.46
Mean EQ-5d (SD) 027 (0.35) 0.26 (0.36) 0.18
Mean NRS back pain (SD) 6.23 (2.5) 6.36 (2.4) 0.02
Mean NRS leg pain (SD) 60.9(2.2) 0.9 (2.12) 0.87

SD standard deviation
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Table 3 Baseline adjusted mean of the change score, % change score, and final raw score for all PROMS (95% of Cl) according to the global perceived effect scale at 1-year follow-up

Worse than ever (7)

Much worse (6)

Somewhat worse (5)

Somewhat better (3)  No change (4)

Much better (2)

Completely recovered (1)

GPE

66 (1)

153 (2)

358 (5)

1093 (16)

3265 (48)

1659 (24)

N (%)
0ODI

=56 (=71 to —4.1) —129(-152 1w —1.5)

6.6 (5.6-7.6) 3.7 (2.5-5.00

15.1 (14.5-15.7)
26.7 (24.9-28.6)

32.4 (32.1-32.7)

43.1 (42.7-43.6)
93.4 (91.9-94.9)

Mean change

—30.7 (—=38.3 10 —-23.0)

589 (56.5-61.2)

—13.7 (—18.6 to —8.7)

—6.7 (=108 to —2.5)
51.6 (50-53.1)

42.3 (41-43.6)

13 (=19 10 45)
39.4 (38.4-40.4)

66.7 (65.6-67.8)

13.6 (13.3-14)

Mean % change

309 (30.3-31.5)

2.9(24-3.3)

12 month raw score

NRS back pain

0 (=24 to —1.6)
—59.8 (—70.7 to —49.00

8.2 (7.8-8.6)

2

—~1.7(=20t0 —1.4)

—0.5 (-0.7 to —0.3)

—0.1 (0.3 to 0.05)

1.0 (0.9-1.1)

3.6 (3.6-3.7)

5.7 (5.6-5.7)
91.4 (89.2-93.5)

Mean change

0 —16.9)

4.0 (—31.
7.9 (7.7-8.2)

2

—17.8 (-23.8t0 —11.8)

6.7 (6.5-7.0)

(—15.8 to —6.4)

6.4 (6.2-6.5)

6.3 (3.6-9.0)
5.2(5.1-5.3)

51.3 (49.8-52.8)
2.6(2527)

Mean % change

0.6 (0.5 0.7)

12 month raw score

NRS leg pain

=10 (=1.5to =0.6)

—0.5 (=0.8 to =0.2)
—0.2(=159102.6)

1.0 (0.8-1.2) 0.5 (0.2-0.7)
TA (7197

2.5(2.4-26)
296 (27.1-32.1)

4.9 (4.8-5.0)

6.5 (6.4-6.6)
92.6 (90.5-94.6)

Mean change

—19.2 (=30.0 to —8.8)

7.9(7.5-8.4)

6 (=82 10 3.0)
6.4 (6.2-6.7)

2

3.5(—0.82 10 7.9)
59 (5.7-6.1)

67.8 (66.3-69.2)
2.0 (1.9-2.1)

Mean % change

4.4 (4.3-4.5)

0.4 (0.3-0.5)

12 month raw score

EQ-5D*

—=0.24 (—=0.29 to —0.19)
0.03 (—0.02 to 0.08)

=015 (—0.18 to —=0.12)

0.12 (0.09-0.15)

0.03 (—0.00 to 0.05)
0.30 (0.27-0.32)

0.07 (0.06-0.09)

0.34 (0.32-0.36)

0.28 (0.27-0.29)
0.55 (0.54-0.56)

0.50 (0.50-0.51)
0.77 (0.77-0.78)

0.68 (0.67-0.69)
0.95 (0.95-0.96)

Mean change

12 month raw score

Negative prefix = worsening of the score

* Not possible to calculate % change score for EQ-5D

significantly different between GPE categories 1-3 and 4.

The mean of the final raw scores for all of the PROMs, as

well as the mean change in ODI, EQ-5D, and NRS leg
pain, and the mean ODI% change score at 12 months were
able to differentiate between “no change” (4) and “much
worse”” (6) with statistical significance. Mean changes in
NRS back pain, as well as mean % change in NRS back-
and leg pain were not statistically significant different
between those “unchanged” (4) and those reporting to be
“much worse™ (0).

After evaluating the mean score differences of all
PROMs across the categories of the GPE, the study group
concluded that the definition of a score range of 4-7 for
“failure™ and 6-7 for “worsening” was appropriate
(Table 3). Figures illustrating these differences are shown
in the appendix (Figs. 1x—4x).

For each GPE outcome group. the baseline adjusted
mean scores of the PROMs (ANCOVA) after 12 months
are shown in Table 3.

Cutoff values

For differentiation between “failure™ vs no failure in the
whole cohort, all PROMs had an acceptable AUC of >0.70
(Table 4). The PROM with the highest accuracy was the
mean ODI% change score with an AUC of 0.93 and a
correct classification rate of 86% (Fig. 1).

For differentiation between “worsening” vs unchanged
and slightly worse, the AUCs were poor (<0.70) for score
changes of all outcome measures. The final raw scores of
all four PROMs showed acceptable AUCs. The PROM
with the highest accuracy was the ODI raw score with an
AUC of 0.76 and a correct classification rate of 69%
(Fig. 2). The ROCs for all of the PROMs are illustrated in
the appendix (Figs. 5x-9x).

Based on these cutoff values, the ODI change classified
26%, the OD1% change score 23%, and the ODI raw score
at 12 months 27% of lumbar disc surgeries as failure.
Failure rates assessed by cutoffs of the less accurate
PROMSs are shown in the appendix (Table 4x).

The percentages of patients classified as worsening by
the cutoffs on the final PROM raw scores were 7% for
ODI, 8% for EQ-5D, 7% for NRS leg pain, and 8% for
NRS back pain.

Sensitivity analysis

When comparing patients operated for the first time with
those who had been operated previously, values for cutoff,
sensitivity, and specificity were similar (Tables 2x and 3x
in appendix). When investigating the effect of low and
high baseline disability (based on the 25th and 75th per-
centile of the baseline score for ODI), the cutoffs for
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Table 4 All cutoff values with corresponding sensitivity and specificity, area under the curve (95% confidence interval), and percentage of

correctly classified

Failure Worsening
Cutoff  Sens/spec AUC (95% CI) Corr. class %  Cutoff  Sens/spec AUC (95% CI) Corr. class %
0DI
Mean change 13 0.82,0.82  0.89 (0.88-0.91) 82
Mean % change 33 0.86, 0.86  0.93 (0.92-0.94) 86
12 month raw 25 0.89, 0.81  0.92 (0.91-0.93) 86 48 0.70, 0.70 076 (0.72-0.80) 69
NRS leg pain
Mean change 1.5 0.81,0.76  0.87 (0.86-0.88) 84
Mean % change 39 0.86, 0.81  0.89 (0.88-0.90) 84
12 month raw 4.5 091, 0.85  0.90 (0.88-0.91) 84 7.5 0.64, 0.68 070 (0.66-0.75) 67
NRS back pain
Mean change 1.5 0.74, 086  0.85 (0.84-0.86) 76
Mean % change 24 0.85, 0.81  0.87 (0.86-0.88) 86
12 month raw 5.5 0.81,0.87  0.92 (0.91-0.93) 86 7.5 0.78,0.64 077 (0.73-0.81) 68
EQ-5D
Mean change 0.1 0.76, 0.83  0.85 (0.84-0.87) 82
12 month raw 0.6 0.81,0.85  0.91 (0.90-0.92) 85 0.1 0.76, 0.60 071 (0.67-0.75) 65

For worsening, only the 12-month raw scores were used, and all the other cutoffs had an AUC < 0.70

ROC Curve

0.8

0.5+

Sensitivity

T T T
00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Fig. 1 ODI% change vs external anchor, GPE 4-7 vs 1-3 (AUC
0.893) at 12-month follow-up

“failure™ and “worsening” in the PROMs varied consid-
erably, both for change scores, % change scores, and the
final raw score (Table Ix, appendix). For example, in the
group with high disability at baseline, the failure cutoff for
the mean % change in ODI was 30% higher than in the low
disability group.

@ Springer

ROC Curve

0,84

0,64

Sensitivity

0.4

T T T
00 02 04 086 08 10

1 - Specificity

Diagonal segments are produced by ties.

Fig. 2 ODI 12-month raw vs external anchor, GPE 4-5 vs 6 4+ 7
(AUC 0.758) at 12-month follow-up

Compared to elective surgery, emergency cases had
statistically significant worse baseline PROM scores and
experienced a greater score improvement at 12 months.
Accordingly, no statistically difference in any of the
12-month PROM raw scores was found between these two
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groups. Furthermore, they reported the same GPE after
12 months, with a median score of 2 (Table 5x, appendix).

Floor and ceiling effects

No floor or ceiling effects were detected. Only 9 (0.1%)
patients scored 0 and 7 (0.1%) patients scored 100 on the
baseline ODI. Furthermore, 107 (1.6%) scored 0 and 590
(8.8%) scored 10 in the NRS back-pain scale. For the NRS
leg pain. scale numbers were 55 (0.8%) for 0 and 728
(10.9%) for 10. In the EQ-5D, only 12 (0.2%) patients
scored the minimum and 20 (0.3%) the maximum at
baseline.

Discussion

We estimated the optimal cutoff values for failure and
worsening 12 months after surgery for lumbar disc herni-
ation, using four recommended PROMs. An ODI%
improvement of less than 33% was the most accurate
measure for identifying patients for whom the surgery had
failed. Back pain, both the mean % change, and the final
raw score at 12 months, also showed high accuracy for
identifying failure. We found no significant difference in
outcome scores among patient groups who considered
themselves as “unchanged™ or “slightly worse”, which is
in accordance with a previous study [12]. A final ODI raw
score of more than 48 at 12-month follow-up had the
highest accuracy for identifying patients reporting wors-
ening, followed by a final raw score of 7.5 for NRS back
pain. A potential explanation for this finding might be that
those with a final ODI over a threshold value of 48 will
tend to consider themselves as worse, irrespective of the
amount of change. These patients are exhausted after more
than a year with unresolved severe pain and disability, not
compatible with a normal life (Fig. 10x, appendix). One
previous study also found a high correspondence between
the final raw score and the GPE scale as an external anchor
[17].

Compared to the GPE, all cutoffs categorized a higher
proportion of the outcomes as “failure™ or “worsening”.
Since the individual PROMs represent different concepts,
the variation between the individual outcome measures and
GPE scale is to be expected [10, | 1]. For instance, even the
disease-specific ten item ODI could fail to address issues
important to patients. Individuals might also weigh each
item differently according to their preferences.

We chose to classify all patients who scored unchanged or
worse (GPE > 3), as “failure” and those scoring much
worse or worse than ever (GPE 6-7) as “worsening”. These
definitions are supported by our data, i.e., differences in
mean PROMs between the GPE groups in ANOVA and

ANCOVA analyses, as shown in Table 3 and Figs. 1x-5x
(appendix). A large group of patients (n = 1676, 24%)
classified themselves as “slightly better”, “unchanged”, or
“slightly worse” on the GPE. and would be the most sus-
ceptible of being misclassified | 12]. While it was not possible
to separate the “unchanged” from the “slightly worse”
based on PROMs, patients defining themselves as “slightly
better” (16%) had a mean improvement in the ODI score of
15.1, more than the previously defined cutoff for the Minimal
Clinical Important Change (MCIC) [8]. Hence, it is reason-
able not to include them in the failure group. While non-
success implies a degree of improvement, failure does not,
which might be of importance for litigation issues. The dis-
tinction between these two concepts could also be used in the
development of predictive models in value-based health care
[29].

The mean PROM improvements in this study were in
line with results from other clinical trials [30-33]. Failure
and success rates, however, are highly dependent on where
the cutoff levels are set to classify outcomes, and types of
PROMs used [11]. Mean change in NRS back pain showed
the highest failure rate (31%) and mean change in NRS leg
pain the lowest (20%). Back-pain intensity is not the pri-
mary indication for lumbar discectomy without fusion. It
could therefore be expected that, for instance, the NRS leg
pain classified a lower failure rate [34]. Our findings
indicate that patients reporting failure and worsening tend
to be concerned about back pain, even though leg pain may
have improved. An explanation may be that a large pro-
portion of patients operated for lumbar disc disease will
expect a substantial improvement in back pain [35].

Methodological challenges

The global perceived effect is a frequently used external

anchor to define cutoffs on PROMs. Still, it has several
weaknesses related to recall bias [17], lack of objectivity
[36], and for not taking into account the measurement
precision [6]. More objective criteria, such as return to
work or use of pain killers, have been proposed [36].
However, they tend to be subgroup specific (e.g.. only
considering the working population) and may also be
susceptible to confounding [37]. Some authors argue that
the criteria should be defined prior to treatment by letting
the patients quantify, e.g., on a pain scale, how great a
satisfying improvement should be [38]. To the best of our
knowledge. no such alternative and well-validated external
anchors for self-reported questionnaires exist. Unlike the
European Spine Tango registry, the NORspine does not
collect data on the surgeon’s overall assessment of out-
come [39]. Lack of “expert opinion” might represent a
weakness. However, surgeons and patients agree only in
50% of cases when assessing outcomes, and surgeons tend
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to rate the end result over-optimistically [40]. Another
weakness related to anchor-based methods is misclassifi-
cation. In our population. the ODI% cutoff of 33%
improvement at 12 months (AUC 0.93, sensitivity/speci-
ficity 86%) gave a false-positive rate of 14% and a false-
negative rate of 15%.

Importantly, we found that the cutoffs also were highly
depending on the baseline PROM score. For instance,
severely disabled patients will require disproportionally
greater improvements than the less disabled, not to con-
sider the surgery as failed. This is in accordance with
findings of other studies and illustrates the importance of
taking into account the baseline score while interpreting
PROM change scores, regardless of using absolute or
percentage change scores |18, 41]. Consequently, one
should adjust for the baseline score when using such out-
come criteria in clinical trials and risk factor analyses. A
possible cause might be higher expectations towards
improvements among patients with high baseline pain and
disability [42]. Fulfillment of expectations has also been
identified as a major predictor for positive patient-rated
positive outcome after surgery [35]. Similar to findings by
Elkan et al.. emergency cases presented with more severe
symptoms and had a greater amount of change on the
PROM scores, thus reported the same improvement on the
GPE scale [43].

Limitations and strengths of this study

Loss to follow-up at 12 months was 31.1%. Two Scandi-
navian registry studies found that a loss to follow-up of
12-22% did not bias conclusions about treatment effects
[25, 26]. Even if baseline PROMs were similar between
respondents and non-respondents in our study, several
baseline characteristics of non-respondents have been
associated with poorer outcomes [44]. This could represent
a selection bias, especially when measuring the exact
failure and worsening rate, but less so when defining
PROM cutoffs over a large range of outcomes. Follow-up
was only 12 months, but previous studies have shown
mean outcome values to be stable from | up to 8 years
[26, 45].

An advantage of this study is the large sample size and
high external validity due to patient recruitment from
everyday practice. In a smaller single-center study from
2013, Gum et al. tried to define clinically important dete-
rioration among patients operated with lumbar fusion for
various diagnoses. but found it difficult to define cutoffs.
They concluded that a larger patient population was needed
to identify accurate cutoffs, since worsening is a relatively
rare event [41]. We have used a much larger and more
condition-specific cohort.

@ Springer

Future perspectives

Both clinicians and administrators have questioned whe-
ther quality registries can improve clinical practice and
feedback comprehendible information to patients and
clinicians [3]. An advantage of dichotomous outcomes is
the possibility to provide risk estimates in terms of prob-
ability. In clinical decision-making, percentwise probabil-
ity would be easier to understand than estimates based on
continuous outcome data (e.g., linear regressing coeffi-
cients). More research is needed to identify risk factors for
adverse outcomes and to learn how such new knowledge
can be conveyed efficiently to patients and health care
providers.

Conclusion

We have defined cutoff values with acceptable sensitivity
and specificity on validated PROMs to classify outcomes as
“failure™ and “worsening” 12 months after lumbar disc
surgery.

Implication

These criteria could facilitate shared decision-making
among physicians and patients, quality assessment, and
comparison of clinical outcomes across surgical units. In
addition to clinically relevant improvements, we propose
that rates of failure and worsening should be included in
reporting from clinical trials.
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Abstract
Study Design: Prospective multicenter cohort study.

Objective: To investigate (1) the discriminative ability and cutoff estimates for success 12 months after surgery for lumbar disc
herniation on the Oswestry Disability Index (ODI) raw score compared with a change and a percentage change score and (2) to
what extent these clinical outcomes depend on the baseline disability.

Methods: A total of 6840 patients operated for lumbar disc herniation from the Norwegian Registry for Spine Surgery
(NORspine) were included. In receiver operating characteristic (ROC) curve analyses, a global perceived effect (GPE) scale (1-7)
was used an external anchor. Success was defined as categories -2, “completely recovered” and “much better.” Cutoffs for
success for subgroups with different preoperative disability were also estimated.

Results: When defining success after surgery for lumbar disc herniation, the accuracy (sensitivity, specificity, area under the
curve, 95% Cl) for the ODI raw score (0.83, 0.87, 0.930, 0.924-0.937) was comparable to the ODI percentage change score (0.85,
0.85, 0.925, 0.918-0.931), and higher than the ODI change score (0.79, 0.73, 0.838, 0.830-0.852). The cutoff for success was highly
dependent on the amount of baseline disability (low-high), with cutoffs ranging from 13 to 28 for the ODI raw score and 39% to
66% for ODI percentage change. The ODI change score (points) was not as accurate.

Conclusion: The 12-month ODI raw score, like the ODI percentage change score, can define a successful outcome with
excellent accuracy. Adjustment for the baseline ODI score should be performed when comparing outcomes across groups, and
one should consider using cutoffs according to preoperative disability (low, medium, high ODI scores).
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Introduction

In Norway, operative treatment of lumbar disc herniation is the
most frequently performed spine surgery procedure in patients
younger than 50 years.l The indication for surgery is most often
relative, that is, reducing pain-related disﬂhility.2 To compare
treatment effects across interventions and institutions. changes
in patient-reported outcome measures (PROMSs) are frequently
used, but their interpretation is complex. Previous studies have
used score changes of the Oswestry Disability Index (ODI) to
calculate clinically meaningful improvements, such as cutoffs
for a “successful outcome.”*® However, the amount of change
needed for success is highly dependent on the baseline scores
of the PROMs.”

Studies from other medical fields. such as rheumatology.
have used a Patient Acceptable Symptom State (PASS* ' in
order to define a cutoff for a successful outcome on a PROM.
The PASS could be viewed as a separate entity to the under-
lying change score.™”"! We have previously defined cutoffs
forsuccess based on PROM change scores for patients operated
for lumbar disc herniation, by either open- or micro-discect-
omy.® In a recent study, we found cutoffs on the 12-month ODI
raw score that had the highest accuracy for identifying cases
that could be classified as failed and worsened after lumbar disc
surgery.“ indicating that patients could be more focused on
their current disability than on health changes when reporting
clinical outcomes.

In the present study, we sought (1) to define the discrimi-
native ability and cutoff estimates of success for a 12-month
ODI raw score (current disability), an ODI change and ODI
percentage change score and (2) to investigate if these clinical
outcomes depend on the baseline disability, that is, the preo-
perative ODI score. We defined success by the patient’s ratings
of a substantial effect of surgery (Global Perceived Effect
scale, GPE), that is, when the patient is feeling “completely
recovered” (GPE = 1), or “much better” (GPE = 2) 12 months
after the operation. Such information would aid in the classi-
fication and understanding and of successful outcome, facilitat-
ing reporting and comparisons of treatment results.

Materials and Methods

Patient Population and Data Collection

A total of 6840 patients operated for lumbar disc herniation at
38 different surgical units between January 1, 2007 and Feb-
ruary 28, 2014 were followed for 12 months. according to the
standard protocol of the Norwegian registry for spine surgery
(NORspine). The NORspine is a comprehensive clinical reg-
istry for quality control and research. During the study period,
the NORspine comprised 95% (38 of 40) Norwegian public and
private centers performing lumbar disc surgery. Completeness,
the proportion of patients operated on for lumbar disc hernia-
tion reported to the NORspine, was 65%.' The registry
excluded patients unable to consent. children aged <16 years.
patients with documented drug abuse or severe psychiatric dis-
orders, and patients with traumatic, infectious or malignant

conditions in the spine. In this study, we included all elective
and emergency cases operated for lumbar disc herniation.
Fusion procedures and/or procedures including laminectomy
were not included.

Informed consent was obtained from all patients and partic-
ipation was neither mandatory, nor required to gain access to
healthcare. The registry protocol has been approved by the
Data Inspectorate of Norway. The study protocol had been
submitted to the regional ethical committee for medical
research which categorized if as a clinical audit study. not in
need of their formal ﬂpprovﬂl.'2

At admission for surgery, the patients completed a baseline
questionnaire on demographics, lifestyle issues and PROMs
(Figures 10x-13x, appendix). During the hospital stay, the sur-
geon recorded data concerning diagnosis, treatment, and
comorbidity on a standard registration form (Figures 14x-
15x, appendix). Twelve months after surgery a questionnaire
was distributed by regular post, completed at home by the
patients, and returned in prestamped envelopes to the central
registry unit without involvement of the treating hospitals. One
reminder with a new copy of the questionnaire was sent to those
who did not respond.

Patient-Reported Outcome Measures

This study is based on the cohort used in a previous study by the
authors.'! The ODI version 2.1a was used to assess pain-related
disability. It contains 10 questions on limitations of activities of
daily living. Each item is rated 0 to 5 and then transferred into a
percentage score ranging from 0 (none) to 100 (maximum pain-
related disability).!?

The patient-rated benefit of the operation was rated on the
GPE at follow-np.“‘l4 The response alternatives were as fol-
lows: 1 = “completely recovered,” 2 = “much better,” 3 =
“somewhat better,” 4 = “no change,” 5 = “somewhat worse,”
6 = “much worse,” and 7 = “worse than ever.”

Statistics

All statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS, IBM Version 23.0).

We excluded all patients who did not respond at 12 months.
This strategy was based on a study from the NORspine on a
comparable patient population, and a recent and similar Danish
registry study, both indicating that patients lost to follow-up
could be handled as missing at random in the analyses.'*'®

We assessed the mean 12-month ODI raw score, as well as
the mean ODI percentage change score and the mean ODI
change score after 12 months against the GPE by one-way
analyses of variance (ANOVA) with post hoc analysis (Tukey.
o = .05) and by analyses of covariance (ANCOVA, general-
ized linear model) with adjustment for baseline scores. Corre-
lation analyses between the different ODI tools and the GPE
were done by Spearman rank correlation.

Cutofts for all scores were estimated by receiver operating
characteristic (ROC) curves. We calculated cutoffs for a
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Table |. Baseline Characteristics of the Study Population.

Characteristic Mean (SD)
Age (years) 48.7 (13.6)
BMI (kg/m?) 266 (4.2)
ASA 1.5 (0.6)
oDl 46 (18.9)
Backpain, NRS 6.2 (2.5)
Legpain, NRS 6.9 (2.2)
Characteristic n (%)
Female 3952 (58)
Smoker 1936 (27)
Married 3827 (56)
Emergency surgery 653 (10)
Lower education 4279 (63)
Comorbidity 1664 (28)
Previously operated 1417 (21)
Sickness benefits 4180 (61)

Abbreviations: SD, standard deviation; BMI, body mass index; NRS, numeric
rating scale; ASA, American Society of Anesthesiologists score; ODI, Oswestry
Disability Index score.

substantial improvement from baseline (GPE 1-2 vs 3-7),
termed success.

To determine the cutoff with the highest sensitivity and
specificity, the closest point to the upper left corner of the ROC
curve was calculated from the coordinates of the curve. The
area under the curve (AUC) determined how well the instru-
ments differentiated between the outcome groups. An AUC
value of >0.70 was considered acceptable. >0.80 good, and
>0.9 excellent. The overall accuracy for each cutoff was cal-
culated with a confusion matrix.'”

To be able to study the impact of low and high baseline
disability on the outcome cutoffs (success criteria), we split the
patient sample based on the baseline ODI score into low (<25th
percentile), medium (25th-75th percentile) and high disability
(>75th percentile) and calculated cutoffs for the 12-months
ODI raw score, ODI percentage change and ODI change after
12 months, for each of these percentiles.

Floor and ceiling effects were assessed by calculating the
frequency of the highest and lowest possible scores at baseline.
If 15% of patients had a minimal or maximal score value at
baseline, these were considered as floor or ceiling effects.'™!?

Results

Baseline characteristics of both respondents and nonrespondents
of this patient population have been shown and discussed in a
previous study.!" Characteristics of the study population are
listed in Table 1. Follow-up data after 12 months were available
for 6840 (69%) out of 9930 of patients. The sample was divided
into low ODI baseline (n = 1617), medium ODI baseline (n =
3718), and high ODI baseline (n = 1505). Only 13 data points
(0.2%) were missing for the baseline ODI. At 12-month follow-
up, 40 values (0.6%) were missing for the GPE and 11 (0.2%)
on the ODI. As shown in a previous article, the lost to

Table 2. Baseline Adjusted Mean Scores of the |12-Month Oswestry Disability Index (ODI) Raw Score, ODI Change Score, and ODI Percentage Change Score Analysis of Covariance

(ANCOVA) by the Global Perceived Effectiveness (GPE) Scale.®

GPE

Somewhat

Completely

Worse Than Ever (7)

No Change (4)  Somewhat Worse (5) Much Worse (6)

Better (3)

Much Better (2)

Recovered (1)

66 (1)
50.9 (17.1)

153 (2)

216 (3)
44.7 (16.9)

3265 (48) 1093 (16) 358 (5)

1659 (24)
45.4 (19.6)

n (%)

50.7 (16.5)

420 (17.1)

47.3 (18.0)

46.1(19.1)

Mean baseline ODI (SD)

30.9 (30.3-31.5) 39.4 (38.4-404)  42.3 (41-43.6) 51.6 (50-53.1) 58.9 (56.5-61.2)

13.6 (13.3-14.0)

2.9 (2.4-3.3)

12-month ODI raw score

(95% ClI)
ODI change (95% CI)

~5.6 (~7.1to —4.1) —129(-152tw —1.5)

3.7 (2.5-5.0)

I15.1 (14.5-15.7) 6.6 (5.6-7.6)

26.7 (24.9-28. 6)

32.4(32.1-327)

43.1 (42.7-43.6)

13 (~1.9t0 45) —6.7 (—108to —2.5) —13.7 (—18.6t0 —8.7) —30.7 (—383 10 —23.0)

66.7 (65.6-67.8)

93.4 (91.9-94.9)

ODI % change (95% Cl)

Abbreviation: Cl, confidence interval.

“Negative prefix indicates a worsening of the ODI from baseline. The mean ODI score for the entire study population prior to surgery was 46.
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Table 3. Cutoff for the 12-Month Oswestry Disability Index (ODI)
Raw Score, the 12-Month ODI Change Score, and the |12-Month ODI
Percentage Change Score, Classifying Success in the Whole Study
Population (Receiver Operating Curve [ROC] Analyses) and
Accuracy (Confusion Matrix).

Sens/  Accuracy

AUC 95% Cl Cutoff Spec (%)

12-month ODl raw 093 0.92-094 19 0.83/0.87 84
score

ODI change score 0.84 0.83-085 19 0.79/0.73 78

ODI percentage 093 092-093 52 0.85/0.85 85

change score

Abbreviations: AUC, area under the curve; 95% Cl, 95% confidence interval;
Sens, sensitivity; Spec, specificity.

Table 4. Cutoffs for the 12-Month Oswestry Disability Index (ODI)
Raw Score, the 12-Month ODI Change Score, and the 12-Month ODI
Percentage Change Score When Classifying Success in Each of the 3
ODI Baseline Subgroups.®

Sens/  Accuracy

Baseline Subgroup AUC 95% Cl Cutoff  Spec (%)
12-month ODI raw score

<25th perc 092 0.90-0.93 13 081/0.88 83

25th-75th perc  0.95 094-095 21 0.85/0.89 86

>75th perc 094 093-096 28 0.89/0.85 88
ODI change

<25th perc 0.89 0.88-0.91 9  0.77/0.84 79

25th-75th perc 092 091-093 24  0.83/0.84 83

>75th perc 092 091-094 48  0.85/0.84 85
ODI % change

<25th perc 091 090-093 39 0.82/0.84 83

25th-75th pere  0.94 094.095 53  0.86/0.88 86

>75th perc 094 093-096 66 0.85/0.88 88

Abbreviations: AUC, area under the curve; 95% Cl, 95% confidence interval;
Sens, sensitivity; Spec, specificity; perc, percentile.

*Analyses were done by receiver operating curve (ROC) analyses. Overall
accuracy was determined by a confusion matrix.

follow-up group contained more smokers, fewer with higher
education, more sickness benefits recipients, more previously
operated patients and fewer cases operated for paresis.!' The
Spearman correlation coefficients were 0.6 for the 12-month
ODI change (P <.001), 0.8 for the 12-month ODI percentage
change (P < .001), and 0.8 for the 12-month ODI raw score
(P <.001). ANOVA with post hoc analysis indicated that the
12-month ODI raw scores of all estimates were significantly
different between GPE categories. For each outcome, baseline
adjusted mean ODI scores (ANCOVA), are shown in Table 2.

Cutoffs for Success

The discriminative ability for success was significantly higher
for the ODI percentage change and the 12-month ODI raw
score in comparison with the ODI change score (Table 3). In
the subgroup analyses, we found that the cutoffs for success
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Figure 1. Receiver operating curve for the 12-month Oswestry
Disability Index (ODI) score cutoff for “success”. AUC (area under
the curve) = 0.93 (0.92-0.94).

were dependent on the baseline ODI score. Patients with a low
baseline ODI (<25th percentile, ODI score <32) had a cutoff
on the 12-month ODI raw score (ODI % change) of 13 points
(39%). those with medium baseline ODI (25th-75th percen-
tile, ODI score 32-60) a cutoff of 21 points (55%), and those
with high baseline ODI (>75th percentile, ODI score >60) a
cutoft of 28 points (66%). The cutoffs for all ODI scores for
all the different ODI baseline groups are listed in Table 4.
Figure 4 shows that for the subgroups, the change cutoff
(downward arrow) reaches the ODI raw score cutoff for suc-
cess (horizontal line).

For the entire population, the cutoffs were 19 (ODI raw
score), 19 (ODI change score), and 52% (ODI percentage
change score) (Table 3). AUCs were high for all curves, rang-
ing from 0.84 (ODI change score) to 0.93 (ODI raw score, ODI
percentage score) (Figures 1-3).

Proportion of Success at |2 Months

For the entire population, the ODI percentage change score and
the ODI raw scores corresponded better to a successtul outcome
(groups | and 2 on the GPE-scale) than the ODI change score
(Table 3). Table 5 shows the proportion of cases classified as
success 12 months after surgery. Table 1x (appendix) shows these
proportions using separate cutoffs based on the different baseline
ODI levels (percentiles). The ODI percentage change classified
the highest proportions of success for the whole sample.

Floor and Ceiling Effects

No floor or ceiling effects were detected.
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Figure 2. Receiver operating curve for the |2-month Oswestry
Disability Index (ODI) change cutoff for “success”. AUC (area under
the curve) = 0.84 (0.83-0.85).
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Figure 3. Receiver operating curve for the 12-manth Oswestry
Disability Index (ODIl) percentage change cutoff for “success”. AUC
(area under the curve) = 0.93 (0.92-0.93).

Discussion

We found that success after surgery for lumbar disc herniation
could as accurately be defined by the 12-month ODI raw score,

Table 5. Total Number (N) of Cases Classified as Success by Each
Oswestry Disability Index (ODI) Outcome Tool, for the Entire
Population.

Total population, n (%)

12-month ODI score

Success 4322 (63)

No success 2507 (37)
ODI change score

Success 4391 (64)

No success 2425 (36)
ODI percentage change score

Success 4446 (65)

No success 2361 (35)

as by the ODI percentage change score, and more accurately
than by the ODI change scores from baseline. In a previous
study we also found that the 12-month ODI raw score was more
robust than the change scores for defining failure and worsen-
ing.ll In the subgroup analyses we found that the cutoffs for
success were dependent on the baseline ODI score. For those
with low baseline disability the amount of improvement from
baseline was considerably lower than for those with high base-
line disability (Table 4). This dependency on the baseline score
ilustrates that patients perceive their postoperative improve-
ments based on the amount of disability they experienced prior
to surgery. Thus, in a patient sample with a low mean ODI
other criteria for a positive outcome need to be applied, than
in a patient sample with medium or high baseline ODI scores.
This also implies that the previous recommendation to use a
30% change score cutoff for minimal clinical change® must be
reconsidered for patients with medium and high baseline ODI
scores. Our results confirm the importance of adjusting for
baseline scores when comparing success rates between groups,
for example, hospitals and surgical interventions.'** When
evaluating outcomes for individual patients or groups, one
should consider using cutoffs according to baseline disability
(low, medium, or high ODI scores). Moreover, statistical stud-
ies aimed at predicting outcome after surgery for lumbar disc
herniation should be modeled with adjustment for preoperative
ODI score, for example, by stratification.

The ODI change score had the lowest accuracy for defining
success, especially among patients with high and low baseline
disability. Therefore, we only recommend using the 12-month
ODI raw score and the ODI percentage change score cutoffs.

Interestingly, the success rates among patients with low
and high baseline scores were the same. This indicates that
patients with low baseline disability may have higher
demands for physical performance, and they may be more
sensitive to smaller improvements which they would consider
meaningful compared to those with high baseline disability.*'
Prior to surgery, these issues should be discussed with the
patient. Differences in symptom tolerance before and after
the operation may also reflect variation in patient expecta-
tions and coping strategies.
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Figure 4. Mean baseline Oswestry Disability Index (ODI) (bar) with the |2-month ODI percentage change cutoff for success (arrow) and the

12-month ODI score cutoff for success (line).

Studies in rheumatology suggest that a treatment needs to
reduce symptom intensity below a certain threshold to be per-
ceived as successful by the patient. This threshold has been
termed a “patient acceptable symptom state” (PASS).522 As
illustrated in Figure 4, it does not matter if a patient experi-
ences, for instance, a 30% or 50% improvement of the baseline
score, as long as he or she achieves the cutoff for the 12-month
ODI raw score. Moreover, for the study population as a whole,
the 12-month ODI raw score cutoff for success (<19) corre-
sponds to what van Hooff et al® defined a cutoff for a patient
acceptable symptom state (PASS = ODI < 22 at follow-up).

Methodological Challenges

By collecting data from “real-world” clinical practice, studies
from clinical registries not only have advantages such as large
sample sizes and high external validity but also limitations such
as lower follow-up rates compared with closely monitored clin-
ical trials. Still, there is increasing evidence in the literature that
observational studies conducted according to the STROBE
check list report corresponding results similar to those found
in randomized controlled trials.**

Loss to follow-up was 31%. In three previous studies from
the Scandinavian spine registries (NORspine, SWEspine, and
DANESspine), dropout cases (rates of 12%-38%) were traced
and interviewed. These studies found the same differences in
baseline characteristics that we found between patients who
responded and those who did not, yet the same clinical out-
comes at | and 2 years of follow-up.'*'®* Thus, we do not
expect that loss to follow-up would bias our success rate
estimates. Furthermore, the aim of the study was not a clinical
effectiveness evaluation, but rather to define cutoffs for suc-
cess over the wide range of different outcomes found in this
large cohort. Generalizability of our findings beyond the
Norwegian population is supported by previous comparative

studies in Scandinavian countries and the United States, who
report conceding results on baseline data and clinical out-
comes (effect sizes).2%®

Using the GPE as an external anchor has been criticized
since recall bias may exist. Moreover, the patients tend to be
more focused on their current health state than health change
when responding on a GPE scale, indicating a weakness of its
construet validity.'"?® The ideal anchor should objectively
measure the patient’s status before and after surgery with high
reliability and validity. It should be easy to use, and universally
applicable in different clinical settings. However, to the best of
our knowledge no such anchor exists. In the search for such a
tool, other variables have been evaluated by different research
groups, such as return to work, use of painkillers, or surgeon-
reported outcome. However, such measures also have limita-
tions, namely. bias due to selection of certain subgroups, and
subjective information based on surgeon’s assessment of the
clinical outcome.**** Acknowledging these limitations. both
the FDA (Food and Drug Administration) and the IMMPACT
consensus group recommend a 7-point Likert-type scale, like
the GPE. to be used as an external anchor,***

Conclusion

The ODI raw score can be used to define a successful outcome
12 months after surgery for lumbar disc herniation with high
accuracy, similar that of the ODI percentage change. The ODI
change score in points was not as accurate. Since these cutoffs
are point estimates and vary depending on the baseline disabil-
ity, adjustment for the baseline ODI should be performed when
comparing success rates between hospitals or interventions.
We recommend using ODI raw score or ODI percentage
change (value in parentheses) cutoffs for success, according
to their level of baseline disability, low= 13 points (39%),
medium= 21 points (53%), or high= 28 points (66%).
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Abstract

Objective
To develop a prognostic model for failure and worsening one year after surgery for lumbar disc

herniation.

Methods

This multicenter cohort study included 11081 patients operated with lumbar microdiscectomy,
registered at the Norwegian Registry for Spine Surgery. Follow up was one year. Uni- and multivariate
logistic regression analyses were used to assess potential prognostic factors for previously defined cut-
offs for failure and worsening on the Oswestry Disability Index scores 12-months after surgery. Since the
cut-offs for failure and worsening are different for patients with low, moderate and high baseline ODI
scores, the multivariate analyses were run separately for these subgroups. Data were split into a training
(70%) and a validation set (30%). The model was developed in the training set and tested in the

validation set. A prediction (%) of an outcome was calculated for each patient in a risk matrix.

Results

The prognostic model produced six risk matrices based on three baseline ODI ranges (low, medium and
high) and two outcomes (failure and worsening), each containing 7 to 11 prognostic factors. Model
discrimination and calibration were acceptable. The estimated preoperative probabilities ranged from

3% to 94% for failure and from 1% to 72% for worsening in our validation cohort.

Conclusion
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We developed a prognostic model for failure and worsening 12 months after surgery for lumbar disc
herniation. The model showed acceptable calibration and discrimination and could be useful in assisting

physicians and patients in clinical decision-making process prior to surgery.
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BACKGROUND

Worldwide, low back pain is the leading cause for years lived with disability[14]. The most common
indication for low back surgery is sciatica caused by lumbar disc herniation (LDH)[9]. The lifetime
prevalence of sciatica in the general population has been reported between 12-27%[19]. If left
untreated, most patients with LDH will have a favorable outcome. Surgery is typically offered to patients
with persisting and/or intolerable leg pain with or without and low back pain, or with severe limb or
bowel/bladder paresis (cauda equina syndrome)[3, 28]. The majority of the operations are preformed
electively on relative indications.

Most clinical studies tend to focus on favorable outcomes after surgery based on mean
improvements or success rates according to patient reported outcome measures (PROMs)[2, 3, 20, 28,
37], and predictive models for such outcomes have been developed[22, 24, 25]. An efficient strategy for
improving the quality and safety of the health service is to increase the focus on unfavorable
outcomes[8, 35]. Although the majority of patients experience substantial improvements, up to 30-40%
report non-successful outcomes[2, 12, 23, 38], a large proportion of these cases cannot be classified as
“failure”[6], indicating that non-success and failure are not interchangeable concepts.

The risk of a poor outcome is a frequent concern among patients being operated, especially the
risk of getting worse, which indicates a harmful (adverse) treatment effect[32]. To enhance
individualized risk prediction and prevention of unfavourable outcomes, we have previously defined
benchmark criteria for both failure and worsening, based on frequently used PROMSs[38]. A prediction
model for unfavourable outcomes be can be further developed into a risk calculator, which could
enhance shared clinical decision-making and improve selection of patients prior to lumbar disc surgery.

The aim of this study was to develop a prognostic model calculating individual risk (%) for failure

and worsening after surgery for lumbar disc herniation, based on a large cohort from the Norwegian



[s=BEN G RSOV ES

e

10
11
12
13
14
15
16
17
18
19
20
21
22

23

95

registry for spine surgery (NORspine). Data from this large registry cohort, collected in daily surgical

practice, would ensure high external validity, and thus clinical relevance.

MATERIAL AND METHODS

Design
Multicentre observational study following the recommendations for reporting in observational studies,

STROBE criteria[36], and the methodological framework proposed by the PROGRESS group[34].

Study population and data collection
A total of 26427 patients operated for degenerative disorders of the lumbar spine reported to the
NORspine registry between January 15 2007 and August 2™ 2015 were screened for eligibility and
followed for 12 months. The NORspine includes patients operated for degenerative disorders of the
spinal column. It does not include patients with fractures, primary infections of the spine, or with spinal
malignancies. Furthermore, it does not include children <16 years of age, as well as patients with known
serious drug abuse or severe psychiatric disorders. For the purpose of this study, we included all
patients who had a microscope or loupe assisted lumbar disc microdiscectomy for a magnetic resonance
imaging (MRI) confirmed lumbar disc herniation. Both emergency and elective cases were registered.
Patients diagnosed with lumbar spinal stenosis or spondylolisthesis, and those operated with more
comprehensive decompression techniques including laminectomy, disc prosthesis or fusion procedures,
were excluded.

The NORspine is a comprehensive clinical registry for quality control and research, covering 95%
of public and private operating centers in Norway, with a completeness (proportion of operated patients

reported to the registry) of 65% over the study period. It comprises a range of baseline data on known
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and potential predictors for different outcomes[27]. Participation in NORspine is not required for a
patient to gain access to the health care, or to receive payment/reimbursement for a provider.

At admission for surgery (baseline) the patients completed a questionnaire on demographics,
lifestyle issues, and the PROMs. During the hospital stay the surgeon recorded data concerning
diagnosis, treatment, comorbidity on a standard registration form. Twelve months after surgery a
questionnaire identical to that used at baseline was distributed by regular mail. It was completed at
home by the patients and returned to the central registry unit without involvement of the treating
hospitals. One reminder with a new copy of the questionnaire was sent to those who did not respond.
Informed consent was obtained from all patients.

The NORspine registry protocol has been approved by the Data Protection Authority of Norway.
This study was submitted to the regional ethical committee for medical research which categorized it as

a clinical audit study (2015/1829/REK South-East Regional Health Authority).

Outcomes

Failure and worsening, were defined according to validated cut-offs on the Oswestry Disability Index
(ODI) version 2.1a, which showed the highest accuracy identifying these outcomes when evaluated
against the Numeric Rating Scale for back-pain, leg-pain, and the EuroQol 5D (EQ-5D)[38]. The ODI
contains ten questions about limitations of activities of daily living. Each item is rated from 0 to 5 and
then transformed into a score ranging from 0 (hone) to 100 (maximum pain-related disability)[4]. The
ODI cut-offs have been determined according to an external anchor, the Global Perceived Effect scale
(GPE, 1-7): 1 “fully recovered”, 2 “much better”, 3 “somewhat hetter”, 4 “unchanged”, 5 “somewhat
worse”, 6 “much worse”, 7 “worse than ever”. Failure corresponds to GPE range 4-7, and worsening to
GPE range 6-7[38, 39]. We have also shown that that both the ODI change score, as well as the final ODI

score after 12 months are highly dependent on the preoperative ODI score [38, 39]. Therefore, we
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stratified our model according to the preoperative ODI score (percentiles). Failure was defined as an ODI
raw score 12 months after lumbar microdiscectomy 2 18 (low baseline ODI group, < 25 percentile), = 29
(medium baseline ODI group, 25 to 75 percentile), and = 34 (high baseline ODI group, > 75™ percentile).
Worsening was defined accordingly as an ODI raw score 12 months after lumbar discectomy 2 33 (low

baseline ODI group), 2 47 (medium baseline ODI group), and = 58 (high baseline ODI group)[38].

Possible Prognostic factors

We included prognostic factors, previously reported in the literature[10, 12, 15, 17, 18, 29].
Sociodemographic and anthropometric factors included were; gender, age > 60, obesity (body mass
index, BMI = 30), marital status (living alone yes/no), employment status (employed/unemployed) and
low educational level (yes/no), i.e. less than four years of college/university education. Anxiety or
depression was assessed by the item on the EuroQol-5D-3L questionnaire, (yes = “moderate” to
“severe” problems, no = “no problems”). In Norway public health insurance is compulsory, thus no
distinction was made between public or private insurance, or between public and private hospitals. A
recent study has shown equivalent effectiveness of lumbar disc surgery between the public and private
sector[21]. Patients were also asked if they had a pending or unresolved claim or litigation issue (yes/no)
against, (1) the Norwegian public welfare agency fund concerning permanent disability pension, or (2) a
compensation claim against private insurance companies or the public Norwegian System of
Compensation to Patients. As shown in the tables we also assessed other clinical parameters, including
the baseline PROM scores, smoking, duration of symptoms, previous lumbar spine surgery and use of

analgesics[12, 15, 17, 18, 29].

Statistical analyses
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All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS, IBM
Version 23.0) and R (Version 2.13.1.) To assess potential sources of selection bias among patients,
baseline differences between respondents and non-respondents at 12 months of follow-up were
evaluated using the Students t-test for continuous variables or chi-square test for pairs of categorical
variables. The proportions of missing data were small, <10% for all the analyzed variables. No

imputation of missing values was performed.

Cases were selected for the training set (70%, n= 5741) and validation set (30%, n= 2218,) by the random
sample function in SPSS (Figure 1)[7]. The models were built using the training set, and then the final
models were assessed in the validation set. Since the ODI threshold values for failure and worsening
after 12 months depend on the preoperative ODI baseline score, we stratified the prediction model into
the three ODI percentiles of “low” ODI baseline scores (<33), “medium” (33 —58), and “high” (>58) for

each outcome[38, 39].

Training set

The outcomes failure versus no failure and worsening versus no worsening were modeled separately.
Crude associations between each selected covariate and the outcome were assessed using univariate
logistic regression. Variables that reached p<0.1 in these analyses were entered into the multivariate
analyses (binary logistic regression model). In a next step, variables that were no longer statistically
significant (p<0.05) were removed from the model using backward selection. We chose to include
gender and age in all models, irrespectively of their statistical significance[31]. Continuous variables
were dichotomized in order to be adapted into a risk matrix. Collinearity between possible predictors
was assessed with Spearmans rho, with correlation coefficients (CC) >0.3 considered as weak, >0.5 as
moderate, and >0.7 as strong. Associations between outcomes and prognostic factors were expressed as

odd ratios (OR) with a 95% confidence interval (Cl). Regression coefficients from the final models were
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converted to probabilities for the risk matrix. Depending on the presence or absence of the risk factors,

the matrix then calculated a probability for both failure and worsening for each patient.

Validation set

For each model, calibration was assessed by dividing the sample into four prediction groups (quartiles)
with increasing probabilities for failure and worsening. We then plotted the observed proportion for
these outcomes against the average predicted probability, using a logistic regression model with the
observed binary outcome as dependent and the log odds of the validated regression model as
independent. Chi square test was used to assess difference between coordinates the optimal prediction
line. Significant deviation, indicating over- or underestimation, was defined as p-values <0.1.
Discrimination was assessed by the c-criterion (C), calculated as the area under the curve (AUC) in a
receiver operating analysis (ROC), plotting predicted probability against failure and worsening. C values

>0.6 were considered acceptable[31].

RESULTS

Study population and data collection
We included 11081 patients in the analyses. Of these, 3621 (32.7%) were lost to follow-up 12 months

after surgery (Figurel). Baseline characteristics for the entire study population are shown in table 1.

Mean age was 47.8 years (SD 13.61), and 42% of patients were females. Non-respondents at 12 months
were younger, more likely to be men, had less severe comorbidity, and less severe limb paresis, but
were more likely to be smokers, obese, anxious or depressed and previously operated. There were no
clinically relevant differences in baseline pain and disability (PROMS) between respondents and non-
respondents. The amount (n, %) of missing data for the prognostic factors was low for: age (6, 0.01),

10
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gender (none), non-native Norwegian speaker (19, 0) living alone (43, 0.01), smoking (76, 0.01), having
low education (52, 0.01), BMI (522, 11.2), American Association of Anesthesiologists (ASA) grade>2 (128,
1.8), unresolved disability pension issue (182, 3.4), unresolved insurance claim (171, 3.4),
anxiety/depression (117, 1.6), duration of back pain >12 months (391, 5.6), back pain intensity (176,
2.4), and leg pain intensity (157, 2.2). Patient reported outcomes by baseline ODI (percentiles)
subgroups in the training and the validation sets are shown in table 1x (supplementary appendix). For
the entire study population, a total of 1779 cases (24.1%) were classified as failed and 469 (6.3%) as

worsened.

Prognostic factors and outcomes

Tables 2x and 3x in the supplementary appendix show the results from the univariate analyses for all
potential prognostic factors for failure and worsening, in both the training and validation sets. The
results from the multivariate regression analyses for all three ODI baseline groups are shown in tables 2
(failure) and 3 (worsening). Duration of preoperative back pain was highly correlated (CC >0.7) with
duration of preoperative leg pain. Duration of preoperative leg pain was consequently excluded from
the model because of suspected multi-collinearity. Otherwise, all correlations between potential
prognostic factors were low (CC <0.3).

The combination of the presence (yes) or absence (no) of each prognostic factor yield an overall
probability for failure or worsening in each of the three ODI baseline groups. The matrices are shown as
a flow chart in the supplementary appendix (Fig 7x). Table 4 illustrates three example cases from the risk
matrices applied on the validation set. Each patient was allocated into 1 out of 6 matrices, hased the
baseline ODI (3 subgroups) and outcomes (2 subgroups). In the validation cohort, the individual

predicted risk for failure ranged from 3% to 94% and from 1% to 72% for worsening.

11
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The calibration plots showing agreement between the average predicted and observed
proportion of failure and worsening (Figure 2) illustrate that the predicted and observed probabilities
coincided well. There was no statistically significant deviation of the coordinates from the optimal
prediction line, except for the model predicting worsening in the >75™ percentile ODI baseline group.
C-criterion values [95% Cl] were; 0.66 [0.58 —0.74], 0.74 [0.70 - 0.78], and 0.71 [0.66 — 0.76] for
prediction of failure in the low, medium, and high baseline ODI groups, respectively, indicating
acceptable discrimination. The corresponding c-criterion values for predicting worsening were similar:
0.68 [0.60 —0.76], 0.74 [0.68 — 0.79], and 0.71 [0.61 — 0.81] All ROC curves for C calculations are shown

in the supplementary appendix (Figs 1x-6x).

DISCUSSION

We have developed a prognostic model for unfavorable outcomes 12 months after surgery for lumbar
disc herniation, based on validated and recommended PROMs[5]. Of all outcomes, 24% were classified
as failure, and 6% as worsening. The estimated preoperative probabilities in our study population
ranged from 3% to 94% for failure and from 1% to 72% for worsening, exemplified by three cases. This
means that the model can identify patients with high and low baseline probability for unfavorable
outcomes. It can be further developed into a calculator providing an absolute risk estimate. It should
however be externally validated in other cohorts, and its feasibility should be confirmed by patients and
clinicians before being implemented in regular clinical practice. Importantly, we have not assessed
outcomes after non-operative treatment. Therefore, it is highly uncertain if the model could be useful in
other settings, e.g. among patients seen in general practice.

The discriminative ability of risk the matrices was acceptable. Calibration assessment showed
that patients with high baseline disability (>75" percentile of ODI) tended to underestimate the

proportion of worsening, and the prediction of worsening among those cases was too inaccurate. A

12
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reason could be the small sample size (type Il error) this subgroup, or confounding due to unmeasured
factors, such as widespread body pain and pain interference [1]. Confounding is the most likely source
of bias in our study. We assessed anxiety and depression using one item of the EQ-5D 3L questionnaire,
instead of a condition specific questionnaire which could be more sensitive. This may represent an
information bias [12].

All cases of lumbar disc herniation were verified on MRI scans. evaluated by radiologists and
surgeons, However, we did not have data on more specific morphological changes, e.g. contained versus
uncontained herniation or additional Modic changes, which could influence the surgeons
recommendation about surgery. This illustrates that statistical probabilities cannot be used as surrogate
for clinical judgement, but rather as a supplementary decision support. We suggest that our model
could be used in cases where the indication for surgery is uncertain. The model could be also helpful in
calibrating surgeons’ and patients’ expectations about surgical outcomes.

To the best of our knowledge, this is the first registry study modeling unfavorable patient
reported outcomes after lumbar disc surgery Three American studies have assessed patient populations
operated for different degenerative spine disorders, including disc replacement and arthrodesis
surgery[16, 24, 25]. The models were developed for predicting improvements, such as Minimal Clinically
Important Change (MCIC), rather than unfavorable outcomes. Interestingly, 12 months of follow-up data
from the latter paper by Khor et al. on a subgroup of 528 surgical patients showed that 222 of them
reported an unsuccessful outcome (not reaching MCIC on the ODI scale)[16]. Of these, 86 (39%)
reported to be unchanged or worse. The remaining 136 (61%) did not, hence representing a “grey zone”
of patients with minor improvements. This supports our strategy of distinguishing failed from non-

successful outcomes[38, 39].

13
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It is important to acknowledge the conceptual differences between prognostic modelling and
prognostic factors research. The prognostic model, developed in our study, aims at calculating the
overall probability (individual absolute risk) for an outcome. Our study was not designed for prognostic
factor research, which focuses on identifying independent prognostic (risk) factors[30, 34].

Still, our results can lend support to previously studies identifying as long duration low back pain
and leg pain, anxiety and/or depression, previous back surgery, smoking, lower education, BMI, and
unresolved disability pension or insurance issues as predictors for inferior outcomes[12, 15, 17, 18, 29].

Prediction models have to balance the need for accurate predictions against the risk of
overfitting. Model overfitting implies lack of generalizability, i.e. it might work well for the population it
was developed on, but not for others[26]. For instance, it is important not to include too many and/or
too specific covariates. Our model appeared to be well balanced between an acceptable accuracy and a
limited number of predictors, which are available in most clinical trials and regular clinical practice at the
hospitals. We stratified our model by different levels of baseline disability (low ,medium and high ODI
score), since the outcome score is highly dependent on the baseline score, and the actual cut offs for
failure and worsening are different in these subgroups([16, 18, 38].

Registry-based studies collecting “real-life” data from daily clinical practice have advantages such
as large sample sizes and high external validity, but also limitations such as lower follow-up rates[11].
Loss to follow-up at 12 months was 32.7%. Baseline characteristics-linked inferior outcomes seemed to
be equally distributed between responders and non-responders. Still, loss to follow-up could represent a
selection bias, especially when estimating exact failure and worsening rates. However, two Scandinavian
registry studies on similar patient populations found that a loss to follow-up of did not bias conclusions
about treatment effects[13, 33]. Moreover, the objective of or study was not effectiveness evaluations,

but rather to develop a prediction model over a wide range of outcomes.

14
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CONCLUSION

We have developed a prognostic model to identify patients at risk of unfavorable outcomes after lumbar

microdiscectomy, which could assist physicians and patients in clinical decision-making prior to surgery.

15



[E= I e S T S N

el

[\ S]

W oo~ W

10

12
13

105

Figure 1. Flow diagram of patient enrollment, exclusion and allocation.

Figure 2. Model validation. Observed proportion of the outcome (with confidence interval) on the
vertical axis against average predicted probability of the outcome on the horizontal axis. Each
coordinate with whiskers represents one quartile of estimated probability and its 95% confidence
interval, compared to the observed proportion of the predicted outcome. The p-value from the chi
square test for the coordinates vs the optimal prediction line is indicated in the lower right corner. A p-
value < 0.1 indicates significant deviation from the average predicted probability. A-C show prediction of
failure for the three baseline invalidity groups (A: Baseline ODI <25 percentile, B 25-75" percentile, C
>75" percentile). D-F show prediction of worsening for the three baseline invalidity groups (D: Baseline
0ODI <25 percentile, E: 25" — 75" percentile, F: >75" percentile).
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Table 1

Table 1. Baseline characteristics including patient reported outcome measures of respondents vs non-respondents (lost to follow-up)

Respondent Mon-respondent | P-value

Characteristics n= 7397 (67%) n=3621 (33 %)

Female 3097 (41.9) 1374 (38.1) <0.001
Age =60 1403 (19) 307 (8.6) <0.001
Living alone 1642 (22.4) 1048 (29.3) <0.001
Mon-native speaker 416 (5.6) 240 (6.7) 0.031
Low education® 2870(39.1) 1168 (32.8) <0.001
Had leg pain 7156 (96.7) 3518 (97.7) 0.007
Leg pain > 12 months 1668 (23.8) 855 (25.5) 0.066
Back pain > 12 months 2441 (34.8) 1219 (36.0) 0.212
Operated for paresis 1542 (20.8) 651 (18.1) 0.001
Paresis < grade 4 529 (35.2) 195 (30.7) 0.046
Emergency surgery 757 (10.2) 350 (2.7) 0.417
Comorhidity® 1891 (29.1) 842 (26.9) 0.026
ASA® grade > 2 408 (5.5) 152 (4.3) 0.004
smoker 1935 (26.4) 1317 (37.0) <0.001
Obesity* 1236 (18.6) 735 (22.4) <0.001
Diabetes Mellitus 236(3.2) 95 (2.6} 0.123
Anxisty/Depression” 3062 (42.1) 1608 (45.8) <0.001
Unresohved disability 879 (12.3) 398 (11.3) 0.173
pension issue®

Unresolved insurance claim’ | 419 (5.8) 230 (6.5) 0.167
Previous surgery 1602 (21.7) 932 (25.9) <0.001
Previously operated > 2 times | 72 (1.0) 53(1.5) 0.026
PROMs mean (SD) mean (5D}

ODE 463 (19.2) 457 (18.6) 0.166
EQ-5D 0.27 (0.38) 0.25(0.36) 0.125
NRS® back pain 5.2(2.5) 6.4 (2.4) 0.024
MRS leg pain 6.9(2.2) 6.9 (2.2) 0.492

!Less than four years of college/university education. *Rheumatoid arthritis, Ankylosing spondylitis, Other rheumatic disorder, Hip arthrosis, Knee arthrosis,
Chronic generalized musculoskeletal pain, Chronic neurclogic disorder, Cerebrovascular disorder, Heart disease, Vascular disease, Chronic lung disease, Cancer,
Osteoporosis, Hypertension, Diabetes mellitus, Other endocrine disorder. *American Society of Anesthesiclogists grade. *Body mass index 230.°EQ-5D 3L
questionnaire; 5 item, moderate to severe problems. *Pending medical claim/litigation against the Norwegian public welfare agency fund concerning disability

11z



pension. "Pending medical compensation claim/litigation against private insurance companies or the public Morwegian System of Compensation to Patients.
f0swestry Disability Index, 0-100 {no-maximal disability). *Numeric rating scale (0-10).
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Table 2

Table 2. Results from the multiple regression model showing associations (Odds Ratio (OR) and 95% confidence intervals (C1)) between predictors and patient
reported "failure” (unchanged or worse, yes/no) of lumbar disc surgery, as defined by validated cut offs on the Oswestry Disability Index (ODI), split on
subgroups with low, medium and high baseline ODI scores (percentiles). For all predictors, except age and gender, NS indicates statistical insignificance, p

value » 0.05.
OR for failure by baseline ODI score®

Low ODI <25™ percentile Medium ODI 25™ — 75" percentile High ODI > 75" percentile
Predictor OR 953 CF P value OR 95% Cl P value OR 95% Cl P value
Female 1.3 09-17 0.146 12 10-15 0.092 1.3 09-17 0.175
Age = 60 1.0 0.7-15 0.941 12 09-16 0.318 11 07-16 0.833
Low education® 15 11-20 0.011 18 14-23 <(0.001 17 11-23 0.007
Non-native Nonwegian | NS NS NS 17 11-27 0.010 24 14-41 0.002
speaker
asa’ grade =2 N5 NS NS M5 NS M5 26 15-48 0.002
Obesity* 1.8 13-26 0.001 M5 NS M5 15 11-23 0.025
Smoking 18 14-26 <0.001 16 13-21 0.001 16 11-23 0.008
Anxiety/Depression” 15 11-21 0.009 15 12-18 0.001 14 10-20 0.041
Back pain > NRS® 5 NS NS NS 15 11-20 0.015 3.0 13-27 0.008
Back pain > Leg pain NS NS NS 17 13-22 <(.001 NS NS NS
Back pain > 12 months | 2.3 18-31 <0.001 24 19-30 <(.001 28 20-39 <(0.001
Previously operated 1.8 13-28 <0.001 23 18-30 <0.001 19 14-27 0.009
Unresolved disability 2.8 17-49 <0.001 17 12-24 0.001 1.7 11-25 0.013
pension issue’
Unresoclved insurance | NS NS NS 16 10-25 0.048 17 10-30 0.048
claim®

Range: 0-100 {no-maximal disability). The ODI score was <33, 33-58 and =58 in the subgroups with low, medium high baseline disability, respectively. *Less than
four years of college/university education. 3American Society of Anesthesiologists grade. *Body Mass Index 230. *EQ-50 3L questionnaire; 5% item, moderate to
severe problems. *Numeric Rating Scale (0-10). "Pending medical claim/ litigation the Morwegian public welfare agency fund concerning disability pension.
fPending medical compensation claim/litigation against private insurance companies or the public Norwegian System of Compensation to Patients.
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Table 3

Table 3. Results from the multiple regression model showing associations (Odds Ratio (OR) and 95% confidence intervals (Cl)) between predictors and patient
reported worsening (yes/no) after lumbar disc surgery, as defined by validated cut offs on the Oswestry Disability Index (0OD1), split on subgroups with low,
medium and high baseline 0Dl scores (percentiles). For all predictors, except age and gender, N5 indicates statistical insignificance, p value > 0,05,

OR for worsening by baseline ODI score*

Lowr ODI <25% percentile Medium ODI 25 — 75 percentile High ODI = 75 percentile
Predictor OR? 953 Cl P value OR 953 Cl P value OR 95% Cl P value
Female 16 09-27 0.076 10 07-15 0.945 09 05-15 0.695
Age > 60 15 0B8-218 0.182 11 07-17 0.695 0.8 D4-16 0.562
Low education? 2.7 15-51 0.002 18 11-27 0.010 2.0 11-37 0.022
MNon-native Norwegian | N5 NS NS 28 l16-489 0.001 38 18-76 <0.001
speaker
ASA? prade > 2 NS NS NS M5 NS N5 3.3 16-3.7 0.002
Obesity® NS NS NS M5 NS N5 NS NS NS
Smoking 21 12-35 0.008 22 15-31 <(0.001 23 14-38 0.001
Anxiety/Depression® 19 11-32 0.021 M5 NS N5 NS NS NS
Back pain > MRS 5 NS NS NS 22 12-41 <0.011 NS NS NS
Back pain > 12 months | 2.7 16-45 <0.001 248 20-42 <(0.001 3.4 21-56 <0.001
Previously operated 2.6 1l4-456 0.002 33 23-48 <0.001 NS NS NS
Unresolved insurance | NS NS NS NS NS NS 29 18-419 0.002
claim’

Range: 0-100 (no-maximal disability]) The ODI score was <33, 33-58 and =58 in the subgroups with low, medium high baseline disability, respectively. *Less than
four years of college/university education. *3American Society of Anesthesiologists grade. *Body Mass Index 230_ *EQ-50 3L questionnaire; 5 item, moderate to
severe problems. *Numeric Rating Scale (0-10). "Pending medical compensation daim/litigation against private insurance companies or the public Norwegian
System of Compensation to Patients.
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Table 4

Tahle 4. Example cases from the validation set (patients 1-3) with different predicted probability (6 risk matrices) for failure and worsening based on baseline
0D score and presence (yes) or absence (no) of predictors. An open cell indicates that predictor was not relevant for the risk matrix the patient was assigned

to.

Patient 1 Patient 2 Patient 3
Preoperative ODI score? 32 53 GE
Female Mo Yes Mo
Age =50 Yes Yes Yes
Low education? Mo Yes Yes
Non-native Norwegian speaker Mo Mo
asad grade = 2 Yes
Obesity* Mo MNo
smoking Mo Yes
Anxiety/Depression® Yes Yes Yes
Back pain > NRS* 5 Yes Yes
Back pain > Leg pain No
Back pain > 12 months Mo Yes Yes
Previously operated Mo No Yes
Unresolved disability Mo Yes Yes
pension issue’
Unresolved insurance claim® Mo Yes
Predicted risk for failure 133% 50% 94%
Predicted risk for worsening 2% 6% 55%

Range: 0-100 {no-maximal disability). *Less than four years of college/university education. *}American Society of Anesthesiologists grade *Body Mass Index 230.
*EQ-5D 3L questionnaire; 5T item, moderate to severe problems. *Numeric Rating Scale {0-10). "Pending medical claim/ litigation the Norwegian public welfare
agency fund concerning disability pension. 2Pending medical compensation claim/litigation against private insurance companies or the public Nonwegian System
of Compensation to Patients.
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Figure 1

Mode| sample (n=5174)

Patients screened (n=26427)

Excluded all other procedures but
microsurgical discectomy (n=15346)

Excluded spondylolistesis (n=63)

¥

Patients included (n=11081)

Excluded lost to follow-up (n=3621)

¥

Randomisation
70/30

g 4+ Validation sample (n=2223)

Figure 1. Flow diagram of patient enrollment, exclusion and allocation.
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Figure 2
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Figure 2. Model validation. Observed proportion of the outcome (with confidence interval) on the vertical axis against average predicted probability of the
outcome on the horizontal axis. Each coordinate with whiskers represents one guartile of estimated probability and its 95% confidence interval, compared to
the observed proportion of the predicted outcome. The p-value from the chi square test for the coordinates vs the optimal prediction line is indicated in the
lower right corner. A p-value < 0.1 indicates significant deviation from the average predicted probability. A-C show prediction of failure for the three baseline
invalidity groups (A: Baseline ODI <25™ percentile, B 25-75™ percentile, C >75™ percentile). D-F show prediction of worsening for the three baseline invalidity
groups ([ Baseline OD1 <25™ percentile, E: 251 — 75 percentile, F: >75™ percentile).
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16 Appendix

16.1 NORspine questionnaires (in Norwegian)

Nasjonalt
Kvalitetsregister
for Ryggkirurgi

jenerat

Pasientdata (Barko Formalet med dette sparreskjemaet er a gi leger, sykepleiere
. og fysioterapeuter bedre forstaelse av ryggpasienters plager

Navn og gi dem muligheter til & vurdere effekter av behandling. Din
ST = —— utfylling av skjemaet vil og vere til stor nytte for & kunne gi et

Fodselsnr. (11 sifier) I I ] I H H “ best mulig behandlingstilbud til ryggpasienter i fremtiden.

Adresse Sperreskjemaet har fire deler. Forste del omhandler ulike sider

ved din utdanning og familie samt dine smerterog plager.

De neste delene bestér av tre ulike sett sparsmal for maling av
din nd de helse. Det farste av disse (kalt Oswestry-skare)
maler hvordan ryggplagene pavirker dine dagligdagse gjeremal.

E-post
Det andre (kalt EQ-5D) maler din helserelaterte livskvalitet.
Forbrk ved snsnonto Denssiste delen er en skala der du skal merke av hvor god eller
Mobil I I I | I I | H ’ darlig din helsetilstand er.
(For bruk ved etterkontroll)
omotmrs (11111 L]
Dog_ E\ed —A._ 1. Sivilstatus (sett kun ett kryss) j Gift
Royker du? | 1a ] Nei | | samboende

:] Enslig
Hoyde og vekt

Hoyde D'L ] (m) Vekt ]:]D (kg) 2. Hvor mange barn har du? ’::

1. Hvaer din hoyeste fullforte utdanning? (Sett kun ettkryss) | | [ Norsk

[ Grunnskole 7-10 ar, framhaldsskole eller folkehayskole =
=" [ Samisk

Yrkesfaglig videregaende skole, yrkesskole eller realskole
: Allmennfaglig videregaende skole eller gymnas [: Annet, angi hvilket
| Hoyskole eller universitet (mindre enn 4 r)

: Hoyskole eller universitet (4 ar eller mer)

LUNDSLAD MEGIA AS, O - 0102017
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Hvor sterke smerter har du hatt siste uke?

Hvordan vil du gradere smertene du har hatti rygg/hofte i lopet av den siste uken? Sett ring rundtett tall.

[¢] 1 2 3 & 5 6 7 8 9 10
Ingen smerter Sa vondt som det garan a ha

Hvordan vil du gradere de smertene du har hattibenet (ett eller begge) i lepet av den siste uken? Sett ring rundt ett tall.

0 1 2 3 4 5 6 7 8 9 10

Ingen smerter Sa vondt som det gar an & ha
Funksjonsscore (Oswestry) 4. Aga
Disse sparsmalene er utarbeidet for & gi oss informasjon om | | smerter hindrer meg ikke i 4 g4 i dethele tatt
hvordan dine smerter har pavirket dine muligheter til a klare
dagliglivet ditt. Vaer snill & besvare spersmalene ved & sette I:] Smerter hindrer meg i 4ga mer enn 1 %2 km
kryss (kun ett kryss for hvert avsnitt) i de rutene som passer
best for deg. | | Smerter hindrer meg i a ga mer enn % km

Sinerts [:] Smerter hindrer meg i a ga mer enn 100 m

[_] Jeg kan bare ga med stckk eller krykker

i
L‘ Jeg har ingen smerter for oyeblikket
‘ | Smertene er veldig svake for ayeblikket

I | Jeg ligger for det meste i sengen, og jeg ma krabbe til

Smertene er moderate for ayeblikket toalettet

Smertene er temmelig sterke for ayeblikket
5. Asitte

Smertene er veldig sterke for oyeblikket
g 24 D Jeg kan sitte sa lenge jeg vil i en hvilken som helst stol

ainin

Smertene er de verste jeg kan tenke meg for oyeblikket
| | Jeg kan sitte sa lenge jeq vil i min favorittstol

Personlig stell

Jeg kan stelle meg selv pa vanlig méte uten atdet
forarsaker ekstra smerter

D Smerter hindrer meg i asitte i mer enn en time

| | Smerter hindrer meg i & sitte i mer enn en halv time
1 Jeg kan stelle meg selv pa vanlig mate, men det er
' veldig smertefullt [_] Smerter hindrer meg i a sitte i mer enn ti minutter

OOF

Det er smertefullt 3 stelle seg selv, og jeg gjer det
langsomt og forsiktig

[:] Smerter hindrer meg i asitte i det hele tatt

Jeg trenger noe hjelp, men klarer det meste av mitt
personlige stell 6. Asta

] O

Jeg trenger hjelp hver dag til det meste av eget stell D Jeg kan sta sa lenge jeg vil uten a fa mer smerter

Jeg kler ikke pd meg, har vanskeligheter med & vaske I | Jeg kan sté sa lenge jeg vil, men far mer smerter
meg og holder sengen

=

| ] Smerter hindrer meg i asta i mer enn en time
3. Alofte
D Smerter hindrer meg i & sta i mer enn en halv time

Jeg kan Iofte tunge ting uten a fa mer smerter

\ Jeg kan Iafte tunge ting, men far mer smerter | | Smerter hindrer meg i & sta i mer enn ti minutter

Smertene hindrer meg i a lefte tunge ting opp fra gulvet,
\ men jeg greier det hvis det som skal loftes er gunstig
plassert, for eksempel pa et bord

Ll Smerter hindrer meg i & sta i det hele tatt

L Smertene hindrer meg i a lefte tunge ting, men jeg klarer
' lette og middels tunge ting, hvis det er gunstig plassert

‘ Jeg kan bare lofte noe som er veldig lett

[: Jeg kan ikke lofte eller baere noe i det hele tatt
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] Ok

000

=

A sove

Sevnen min forstyrres aldri av smerter

Sevnen min forstyrres av og til av smerter

Pa grunn av smerter far jeg mindre enn seks timers
sevn

Pa grunn av smerter far jeg mindre enn fire timers sevn
Pagrunn av smerter far jeg mindre enn to timers sevn

Smerter hindrer all sevn

Seksualliv

Seksuallivet mitt er normalt og forarsaker ikke mer
smerter

Seksuallivet mitt er normalt, men forarsaker noe mer
smerter

Seksuallivet mitt er normalt, men svaert smertefullt
Seksuallivet mitt er svaert begrensat av smerter
Seksuallivet mitt er nesten borte pa grunn av smerter

Smerter forhindrer alt seksualliv

Sosialt liv (omgang med venner og kjente)

Det sosiale livet mitt er normalt og forarsaker ikke mer
smerter

Det sosiale livet mitt er normalt, men eker 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 mittsosiale liv, og jeg gar ikke sa
ofte ut

Smerter har begrenset mitt sosiale liv til hjemmet

Pa grunn av smerter har jeg ikke noe sosialt liv

. 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 mag til korte reiser pa under en time

Smerter begranser meq til korte, nadvendige reiser pa
under 30 minutter

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

tilstand (EQ-5D)

Beskrivelse av hal

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

1. Gange
[_] Jeg har ingen problemer med & ga omkring

U Jeg har litt problemer med & ga omkring

[_] Jeg er sengeliggende

2. Personlig stell

| } Jeq har ingen problemer med personlig stell

l_] Jeg har litt problemer med a vaske meg eller kle meg

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

3. Vanlige g)oremal feks sbex, studieg hussrbeid, fande- eler fitdsaktiviteter)

LJ
L]

[_] Jeg er ute av stand til 3 utfare mine vanlige gjeremal

Jeg har ingen problemer med & utfere mine vanlige
gjeremal

Jeg har litt problemer med a utfere mine vanlige
gjeremal

4. Smerte og ubehag

[ ] Jeg har hverken smerte eller ubehag
[_] Jeg har moderat smerte eller ubehag

[ ] Jeg har sterk smerte eller ubehag

5. Angst og depresjon

| 1 Jeg er hverken engstelig eller deprimert
| ] Jeg er noe engstelig eller deprimert

| J Jeg er svaert engstelig eller deprimert

Smertestillende medis

Bruker du smertestillende medisiner pa grunn av dine
rygg- og/eller beinsmerter?
[ | ] Nei

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

H

[ | Hvermaned

Sjeldnere enn hver maned

L Hver uke
r Daglig
l

Flere ganger daglig
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Helsetilstand

For at du skal kunne vise oss hvor god eller darlig din
helsetilstand er, har vi laget en skala (nesten som et termo-
meter), hvor den beste helsetilstanden du kan tenke deg er
markert med 100 ag den darligste med 0.
Vi ber om at du viser din helsetilstand ved a trekke ai linje fra
boksen nedenfor til det punkt pa skalaen som passer best
med din helsetilstand.
Best tentelige
helsetiltand
T 100
== 90
| 80
—+70
—+ 60
Naveerende
helsetilstand — 50
—+ 40
T 30
- 20
—+ 10
L0
Verst tenkelige
helsetilstand

Symptomvarighet

Varighet av navarende rygg-‘hoftesmerter(sett kun ett kryss):
. Jeg har ingen rygg-/hoftesmerter

[_ Mindre enn 3 maneder

| 3til 12 méneder

[ vdilzar

[ Merenn 2 ar

Varighet av navarende utstrilende smerter:
’_ Jeg har ingen utstralende smerter

[ Mindre enn 3 maneder

[: 3til 12 maneder

[ tdil2ar

[_ Mer enn 2 ar

Varighet sykemelding/attfering/ ‘

rehabilitering pga aktuelle plager l I ‘ (uker)

Arbeidsstatus

_] | arbeid Aktivt sykemeldt

| Hjemmevaerende, wennet Delvis sykemeldt
:I Student/skoleeley . ___ % sykemeldt

| Alderspensjonist Attfaring/rehahilitering

[

evt

|| Arbeidsledig
J Sykemeldt

Har du sekt om uferetrygd?

(Sett kun ett kryss)

FJa

[ Nei

Uferetrygdet

oo %o ufaretrygdet

I: Planlegger & soke

[ Er allerede innvilget

Har du spkt om erstatning fra forsikringsselskap eller folket-

rygden (eventuelt yrkesskadeerstatning)?

(Sett kun ett kryss)
’_ Ja
L Nei
[ ~ Planlegger a soke

|: Er allerede innvilget
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SKIEMA 2A:

SYKEPLEIER/LEGEQPPLYSNINGER PRECPERATIVT

(Fylles ut av lege samtidig med operasjonsbeskrivelsen
ogsuppleres evt ved utstrivelse eller ved innrapportering)

Registreringsskjema for pasienter
som opereres i ryggen

Operasjonsdato . | | . ‘ .
(M fylles ut) Dag Maned  Ar
Dato for utfylling | | ‘

Dag Maned  Ar
Pasientdata (Barkode)

Navn

Fadselsnr. (11 siffer) ::I:I:::l ]::]:

Tidligere ryggoperert?

|Ja,sammenivd | | Ja,annetnivd | | Nei

- Pasienten har vaert operart I l ganger tidligere i LS-kolumna

Andre relevante sykdommer, skader eller plager
| Nei
Ja, spesifiser:
| Reurnatoid artritt
| Mb. Bechterew

Hijerte eller karsykdom
" | Vaskulzer Claudicatio

| Annen reumatisk sykdom | Kronisk lungesykdom

| Hofte- eller kneartrose | Kreftsykdom

| Depresjon / Angst Osteoporose
Kroniske smerter i muskel- )

[ ] | Hypertensjon

skjelettsystemet
| Kronisk nevrologisk sykdom
| Cerabrovaskulzer sykdom

Diabetes Mellitus
Annen endokrin sykdom

Annet, spesifiser

Radiologisk vurdering (Sett evntuelt flere kryss)

1. Undersokelse

LT __ Diagnostisk blokade
| MR Rentgen LS-columna
| Radikulografi Med feksjon/ekstensjon
| Diskografi
2. Funn
| Normal Istmisk spondylolistese
| Skiveprolaps Degenerativ spondylolistese

| Sentral spinalstenose Degenerativ skoliose
Lateral spinalstenose

Foraminal stenose

Synovial syste
Pseudomeningocele

Degenerativ rvgg/skivedegenerasjon

| Annet, spesifiser

LESLELS
Kvalitetsregister

for Ryggkirurgi

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

1108 - Versjon 2

Smerter || Rygg-hoftesmerter
|| Bensmerter
[ | Begge deler
| Parese, Grad (0-5): ......... Se eventuelt rettledning

Cauda equina syndrom

Annet, spesifiser

Ved tidlig reoperasjon (innen 90 dager), arsak: {Kun ett kryss)

[ | Overfladisk infeksjon
[ Postoperativ
spondylolisthese

Lesning/feilplassering av
osteosyntesemateriale

__| Recidiv prolaps
| Durarift
| Hematom \

__| Dyp infeksjon

| Annet, spesifiser

Operasjonskategori

| Elektiv | @yeblikkelig hjelp | | % eyeblikkelig hjelp

Dagkirurgi (ingen degnopphold pa avdelingen)

Ja MNei

ASA-klassifisering

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

Moderat sykdom eller forstyrrelse som ikke forarsaker
funksjonelle begrensninger

Alvorlig sykdom ellerforstyrrelse som gir definerte
funksjonelle begrensninger

Livstruende organisk sykdom som ikke behaver

4 vaere knyttet til den aktuelle kirurgiske lidelse
eller som ikke bedres ved dat planlagte kirurgiske
inngrepet

Deende pasient somikke forventes a overleve 24
timer uten kirurgi

LUINDHLAD MEDKR 43, TROMSS - €103118

SNU
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Operasjonsmetode (Sett evt. flere k

Har operateren brukt mikroskop eller lupebriller?
Ja MNei
Prolapsekstirpasjon?
Nei
__Ja, med temming av skive (diskektomi)

" Ja, uten termming av skive

Kirurgisk dekompresjon
Dekompresjon | Unilateral
med bevaring av Bilateral med unilateral tilgang

midtlinjestrukturer
g __ Bilateral med bilateral tilgang

Laminektomi

|| Fasettektomi|i ett eller flere nivaer __ Unilatesal

Bilateral

Andre operasjonsmetoder
Endoskopi Nukleus implantat
Mlnlma\ll invasiv prosedyre " Nukleutomi
(tube kirurgi)
‘H(‘;pa nderende interspinast Kjemonukleolyse
implantat

Fjerning avekspanderende
interspinost implantat

Revisjon av
osteosyntesematerialet

Fjerning av

SKiveprotese ‘
osteosyntesemateriale

Annet, spesifiser
Tilgang

Midtlinje
__ Lateral tilgang (Wiltze)

Fremre

Ved fugionskirurgi (Sett eventuelt flere kryss)

Posterolateral fusjon | | Instrumentell
|| Bengraft
| ALIF | | Bur(cage)
| | Benblokk i skiverom
PLIF | Bur(cage)
|| Kunbenblokk
TLIF Bur(cage)
"] Kun benblokk

Annet, spesifiser

Type bengraft

Autograft

Bensubstitutt
Bank-ben

Operert niva og side (Sett eventuelt flere kryss)

L2/3 He. Ve,
L3/4 Ha. Ve,
L4/5 Ho. Ve,

[ Lssst Ho. ] Ve

Annet, spesifiser

Antibiotikaprofylakse
[ Ja [7] Nei

Knivtid (hud til hud)

Opr. start [ l ‘ l (timer/min)
Opr. slutt [ | ‘ l (timer/min)
Evt. samlet knivtid (kalkuleres I ‘ ‘ ] (timer/min)

atuomatisk).

Peroperative komplikasjoner:

Durarift/liquerlekasje

Nerverotskada

Operert pé feil niva/side

Feil plassering av implantat
Transfusjonskrevende peroperativ bladning
Respiratoriske komplikasjoner
Kardiovaskulzre komplikasjone
Anafylaktisk raaksjon

Annel, spesifiser

Oppgi inntil to operasjonskoder som best beskriver inngrepet
(NCSP):

L
00 00
Fylles ut ved endt opphold/utskrivelse

e e
Antall liggedagn i forbindelse med inngrepet

0L

(dager)

(Kun ett kryss)

Ved dedsfall under oppholdet, oppgi ar:

Cardiogen arsak
Lumgeemboli
Pneumoni

Annen infeksjon
Anafylaksi
Cerebrovaskulaer drsak
Bledning

Annet, spesifiser
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Table 1x. Cut-offs based on ROC analyses for all PROMs when splitting the patient population based on the baseline ODI

ODI baseline < 25 percentile | ODI baseline >75 percentile
Failure Worsening Failure Worsening
Cut-off Cut-off Cut-off Cut-off
Sens, spec Sens, spec | Sens, spec Sens, spec
(AUC) (AUC) (AUC) (AUC)
oDl
Mean change 4 30
0.84, 0.82 (0.91) 0.86, 0.90
(0.94)
Mean % change 21 51
0.84,0.83 0.91, 0.85
(0.91) (0.95)
12 months raw 18 33 34 %]
0.88, 0.88 0.70, 0.66 0.91, 0.83 0.71, 0.65
(0.92) (0.74) (0.95) (0.72)
NRS back-pain
Mean change 0.5 2.5
0.79,0.75 0.86,
(0.84) (0.87)
Mean % change 18 32
0.85,0.77 0.90, 0.82
(0.88) (0.90)
12-month raw 35 6.5 4.5 7.5
0.78,0.85 0.69, 0.64 0.86, 0.81 0.74,0.56
(0.89) (0.71) (0.90) (0.69)
NRS leg-pain
Mean change 1.5 3.5
0.78,0.76 0.84,0.82
(0.84) (0.89)
Mean % change 39 32
0.84,0.79 0.81, 0.88
(0.86) (0.90)
12-month raw 35 6.5 4.5 7.5
0.78, 0.85 0.9, 0.64 0.86,0.81 0.74,0.56
(0.89) (0.71) (0.90) (0.69)
EQ-5D
Mean change 0.04 0.60
0.76, 0.82 0.85,0.84
(0.84) (0.90)
12-month raw 0.73 0.17 0.60 0.07
0.84,0.81 0.70, 0.65 0.89, 0.81 0.73,0.60
(0.90) (0.68) (0.93) (0.70)
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Table 2x. AUC and Cut-off values for all PROMs when identifying “failure”.

All Operated with Operated with open Operated for the first Previously
microsurgical technique discectomy time Operated (on
same level)
AUC Cut- AUC Cut-off AUC Cut-off AUC Cut-off AUC Cut-
95% off 95% Cl (sens., spec) 95% Cl (sens., 95% Cl (sens., 95% off
Cl (sens., spec) spec) Cl (sens.,
spec) spec)
oDl
Mean 0.89 13 0.89 (0.88 - 13 0.91(0.88- | 13 0.90 13 0.88 13
change | (0.88 | (0.82, | 0.90) (0.81,0.82) | 0.94) (0.89, (0.87 - (0.84,0.82) | (0.85 | (0.80,
- 0.82) 0.77) 0.91) - 0.81)
0.91) 0.91)
Mean 0.93 33 0.93 33 0.94(0.92- | 33 0.93 33 0.91 33
% (0.92 | (0.86, | (0.92-0.94) | (0.86,0.85) | 0.95) (0.90, (0.92- (0.86,0.86) | (0.90 | (0.87,
change | - 0.86) 0.82) 0.94) - 0.82)
0.94) 0.93)
12- 0.92 25 0.92 (0.91 - 25 0.92 (0.90- | 25(0.90, 0.92(091- | 25 0.92 25
month | (0.91 | (0.89, | 0.93) (0.88,0.82) | 0.94) 0.79) 0.93) (0.86,0.83) | (0.91 | (0.94,
raw - 0.81) - 0.73)
0.93) 0.94)
NRS back-pain
Mean 0.85 1.5 0.85(0.83 - 10.5 0.85(0.81- | 1.5 0.85(0.83- | 1.5(0.81, 0.84 1.5
change | (0.84 | (0.74, | 0.86) {0.80,0.76) | 0.88) (0.8, 0.87) 0.76) (0.81 | (0.83,
- 0.86) 0.72) - 0.74)
0.86) 0.87)
12- 092 | 55 0.92(0.90- | 5.5(0.81, 0.91(0.86- | 5.5 0.91(0.90- | 5.5 (0.79, 091 |55
month | (0.91 | (0.81, | 0.93) 0.87) 0.94) (0.82, 0.93) 0.88) (0.89 | (0.87,
raw - 0.87) 0.86) - 0.81)
0.93) 0.94)
Mean 0.87 24 0.87 (0.86 - 24 0.87(0.85- | 24(0.90, 0.87(0.86- | 24 0.86 24
% {0.86 | (0.85- | 0.88) (0.84,0.81) | 0.90) 0.76) 0.89) (0.83,0.82) | (0.83 | (0.88,
change | - 0.81) - 0.77)
0.88) 0.88)
NRS leg-pain
Mean 0.87 | 1.5 0.87 15 0.87(0.84- | 1.5 0.88 (0.86- | 1.5(0.74, 0.85 |15
change | (0.86 | (0.81, | (0.85-0.88) | (0.72, 0.86) 0.91) (0.79, 0.89) 0.86) (0.82 | {0.69,
- 0.76) 0.83) - 0.84)
0.88) 0.88)
12- 0.90 | 45 0.89 (0.88- | 4.5(0.80, 0.91(0.88- | 4.5 0.90(0.88- | 4.5(0.81, 0.88 | 4.5
month | (0.88 | (0.91, | 0.91) 0.85) 0.93) (0.82, 0.91) 0.86) (0.85 | {0.80,
raw - 0.85) 0.82) - 0.80)
0.91) 0.90)
Mean 0.89 | 39 0.89(0.87- | 39 0.90(0.87- | 39 0.90(0.88- | 39 0.86 | 39
% (0.88 | (0.86, | 0.90) (0.85, 0.82) 0.92) (0.88, 0.91) (0.87, 82) (0.83 | (0.84,
change | - 0.81) 0.79) - 0.76)
0.90) 0.89)
EQ-5D
Mean 0.85 | 0.10 0.85(0.84- | 0.10 0.83 0.10 0.85(0.83- | 0.10 0.83 | 0.10
change | (0.84 | (0.76, | 0.87) (0.76, 0.84) (0.79 - (0.76, 0.87) (0.73,0.85) | (0.80 | (0.76,
- 0.83) 0.87) 0.79) - 0.78)
0.87) 0.87)
12- 0.91 | 0.63 0.91(0.90- | 0.63(0.81, 0.90(0.88 - | 0.64 0.91(0.90- | 0.64(0.78, | 0.90 | 0.64
month | (0.90 | (0.81- | 0.92) 0.85) 0.93) (0.81, 0.92) 0.86) (0.87 | {0.86,
raw - 0.85) 0.81) - 0.77)
0.92) 0.92)
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Table 3x. AUC and Cut-off values for all final raw scores when identifying “worsening”.

All Operated with Operated with open Operated for the Previously Operated
microsurgical discectomy first time (on same level)
technique
AUC Cut-off AUC Cut-off AUC Cut-off AUC Cut-off AUC Cut-off
(95% Cl) [sens. (sens. (sens. (sens. (sens.
spec) spec) spec) spec) spec)
ODI 12-month | 0.76 48(0.70, | 0.76 (0.72 | 48(0.70, | 0.73 48 (0.67, | 0.75 48 0.74 48
Raw (0.72 - 0.70) -0.80) 0.70) (0.63 - 0.70) (0.70 - (0.67, (0.66 - (0.68,
0.80) 0.83) 0.80) 0.73) 0.81) 0.64)
NRS leg-pain 0.70 75 0.69 7.5(0.61, | 0.76 75 0.69 7.5(0.60, | 0.71 7.5 (0.68,
12-month raw | (0.66 - (0.64, (0.65, 0.67) (0.66 - (0.79, (0.63 - 0.70) (0.63 - 0.66)
0.75) 0.68) 0.74) 0.86) 0.70) 0.74) 0.80)
NRS back-pain | 0.77 75 0.76 75(0.77, | 0.81 75 0.77 7.5(0.76, | 0.74 7.5(0.77,
12-month raw | (0.73 - (0.78, 0.72, 0.64) 0.72 - (0.88, (0.72 - 0.67) (0.67 - 0.58)
0.81) 0.64) 0.80) 0.90) 0.66) 0.82) 0.82)
EQ-5D 12- 0.71 0.09 0.59 0.09 0.68 0.09 0.69 0.09 0.70 0.07
month raw (0.67 - {0.76, (0.54, (0.83, (0.56 - {0.66, (0.64 - (0.69, (0.62 - {0.70,
0.75) 0.60) 0.64) 0.68) 0.79) 0.65) 0.74) 0.63) 0.78) 0.58)
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Table 4x. Proportion of the study population classified into the categories “failure” or “worsening” based on all PROM cut-offs,

Instrument % classified into cut-off category
Failure

GPE 12
ODI

Mean change 26

Mean % change 23

12-month raw 27
NRS back-pain

Mean change 30

Mean % change 18

12-month raw 21
NRS leg-pain

Mean change 20

Mean % change 20

12-month raw 23
EQ-5D

Mean change 24

12-month raw 22

Worsening

GPE 3
ODI 12-month raw 7
NRS back-pain 12-month raw 8
NRS leg-pain 12-month raw 7
EQ-5D 12 month raw 8
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Figure 1x.
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Figure 2x.
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Figure 3x.
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Figure 4x.
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Figure 5x.
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Figure 6x.
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Figure 7x.
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Figure 8x.
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Figure 9x.
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Table 5x. Mean differences in PROMs after 12 months for elective vs emergency operations

Elective Emergency p-value

oDl

Baseline score (SD) 43 (17) 59 (22) <0.001

12-month raw score (SD) | 18 (17) 16 (16) 0.06
NRS back-pain

Baseline score (SD) 6.0 (2.4) 7.1(2.7) <0.001

12-month raw score (SD) | 3.1(2.7) 2.8(2.5) 0.028
NRS leg-pain

Baseline score (SD) 6.7 (2.2) 7.8(2.2) <0.001

12-month raw score (SD) | 2.6 (2.8) 2.4 (2.6) 0.293
EQ-5D

Baseline score (SD) 0.32 (0.34) 0.08 (0.37) <0.001

12-month raw score (SD) | 0.71(0.29) 0.73(0.26) 0.26
GPE

Median 2 2 0.019

SD = Standard Deviation
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Figure 10x. Baseline ODI (preoperative) versus ODI 12 months after surgery
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16.3 Supplementary appendix to paper Il

Figure 1x.
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Receiver Operating Curve for the 12-months ODI raw cutoff for "success" in the subgroup “ODI prescore <25 percentile”.
AUC=0.92 (0.90-0.93).
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Figure 2x.
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Receiver Operating Curve for the 12-months ODI raw cutoff for "success" in the subgroup “ODI prescore 25" — 75 percentile”.
AUC=0.95 (0.94-0.95).
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Figure 3x.
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AUC=0.94 (0.93-0.96).
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Figure 4x.
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Figure 5x.
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Figure 6x.
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Receiver Operating Curve for the 12-months ODI change cutoff for "success" in the subgroup “ODI prescore >75" percentile”.
AUC=0.92 (0.91-0.94)
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Figure 7x.
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Receiver Operating Curve for the 12-months ODI percentage change cutoff for "success" in the subgroup “ODI prescore <25
percentile”. AUC=0.91 (0.90-0.93)
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Figure 8x.
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Figure 9x.
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Table 1x. Proportion of cases classified as success after 12 months for different groups of baseline
disability (based on the preoperative ODI)

ODI Prescore 12-months ODI raw | ODI percentage ODI change n
n (%) change n (%) (%)

<25th percentile 1025 (63.5) 1048 (65.3) 998 (61.9)

25-75th percentile 2355 (63.4) 2340 (63.2) 2328 (62.9)

>75th percentile 1058 (70.4) 986 (64.4) 981 (65.3)

Sum 4438 4374 4307
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16.4 Supplementary appendix to paper lll
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Table 1x. Failure and worsening 12 months after surgery for subgroups of different baseline disability (low, medium and high percentiles of the ODI score) in

the training (n= 5741, 70%) and validation (n= 2218, 30%) set.

Training set

Validation set

ODI group! <25

ODI group 25-75%

ODI group > 75"

ODI group <25

ODI group 25-75%

ODI group > 75%

Cases n (%) 1243 (24) 2772 (54) 1159 (22) 608 (27) 1024 (46) 586 (26)
Failure n (%) 366 (26) 565 (23) 306 (23) 165 (27) 229 (22) 148 (25)
Worsening n (%) | 76 (5) 157 (7) 85 (7) 50 (8) 65 (6) 36 (6)

Baseline ODI group based on the baseline percentile of the ODI score — low (<25™ percentile, <33 points), medium (25" — 75" percentile, 33-58 points), high
(>75™ percentile, >58 points). ODI range: 0-100 (no-maximal disability).
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Table 2x. Results from the univariate binary logistic regression analyses of failure in both the training (n=5741) and validation (n=2218) cohort, showing
associations (Odds Ratio (OR) and 95% confidence intervals (Cl)) between predictors and patient reported "failure" (unchanged or worse, yes/no) of lumbar
disc surgery, as defined by validated cut offs on the Oswestry Disability Index (ODI), split by subgroups with low, medium and high baseline ODI scores
(percentiles). For all predictors, except age and gender, NS indicates statistical insignificance, p value >0.1.

Baseline ODI* group

Predictor

Age »b60

Living alone
Nonnative
Norwegian speaker
Female

Smoking

Low education?
Obesity®

ASA® grade 2
Diabetes Mellitus
Anxiety/Depression
Unresolved disability
pension issue®

Unresolved insurance
claim”

Back pain > 12 months

Back pain worse than leg

pain8
Paresis < grade 4

Previously operated
> 2 previous surgeries

Back pain > NRS® 5

104

<25t

OR?

1.0 (0.7 —
1.4)
NS®

1.9 (1.1- 3.5)

1.2 (0.9-
1.6)
2.3 (17—
3.0)
2.0(15-
2.6)
1.9 (14—
2.6)
NS

2.2 (11—
4.7)
1.8 (15—
2.5)
4.8(3.0-
7.6)
1.9 (12—
3.2)
2.8(2.2—
3.6)
1.4(1.0-
1.8)

NS

2.0 (L4—
2.7)
4.8(1.2—
20.3)
1.6(12—

P value

0.986

0.488

0.030

0.147

<0.001

<0.001

<0.001

0.134

0.043

<0.001

<0.001

0.011

<0.001

0.026

0.160
<0.001

0.032

<0.001

Training Cohort

25th_75th
OR P value
1.4 (1.2 0.002
1.8)

NS 0.347
2.1(1.5- <0.001
3.0)

1.2 (1.0- 0.050
1.4)

19(1.6- <0.001
2.3)

21(1.7- <0.001
2.5)

1.2(1.0- 0.096
1.5)

20(1.5- <0.001
2.8)

NS 0.149
1.8 (1.5- <0.001
2.2)

3.1(2.4—- <0.001
4.0)

2.0(1.4— <0.001
2.3)

2.6(2.1- <0.001
3.1)

1.8(1.5—- <0.001
2.3)

NS 0.588
2.2(1.8— <0.001
2.7)

4.6 (1.8— 0.001
11.6)

22(1.8- <0.001

OR

1.7(1.2-
2.2)
1.5(1.1—
2.0)
2.3(15-
3.6)
1.5(1.2—
2.0)
2.0(15-
2.6)
23(1.7-
3.0)
2.0(15-
2.7)
43(2.8-
6.6)
40(2.2-
7.1)
2.0(1.4-
2.5)
3.5(2.6—
47)
2.3(15-
3.5)
3.8(2.9-
5.1)
1.5(1.1-
2.2)

NS

1.9 (1.4
2.5)
3.8(15-
9.9)
44(23-

P value

0.001

0.011

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.015

0.565
<0.001

0.007

<0.001

<25™"
OR

1.2 (0.7 -
1.9)
0.5 (0.3
0.9)
NS

1.2 (0.8 -
1.7)
1.5(1.0-
2.3)
2.0(1.4-
3.0)
NS

NS
NS

1.8(1.2-
2.6)
2.8(L4-
5.3)
2.2(1.0-
4.6)
2.2(15-
3.1)

NS

NS

2.5(L6-
3.8)
NS

2.0(1.3-

P value

0.526

0.009

0.415

0.454

0.046

<0.001

0.211

0.264

0.446

0.004

0.002

0.042

<0.001

0.842

0.403
<0.001

0.169

<0.001

Validation Cohort

25th_75th
OR P value
1.5(1.1— 0.020
2.1)

NS 0.213
1.9 (1.1- 0.027
3.2)

1.1(0.8— 0.467
1.5)

1.6(1.2— 0.003
2.2)

2.3(1.7- <0.001
3.3)

1.7(1.2- 0.003
2.5)

2.5(1.5- 0.001
4.3)

2.2 (12— <0.013
41)

1.9 (1.4- <0.001
2.6)

3.3(2.3— <0.001
4.8)

2.0(11- 0.019
3.6)

3.3(2.4- <0.001
4.5)

1.5(1.0- 0.035
2.1)

NS 0.782
2.1(1.5—- <0.001
2.9)

2.9(0.9- 0.078
9.7)

2.7(1.7- <0.001

OR

0.9(0.6—
1.4)

1.7 (11—
2.5)
2.2(1.2-
4.1)
1.4(0.9-
2.0)
1.7(1.1-
2.6)
18(1.2-
2.8)
25(1.5-
4.0)
25(1.3-
4.5)
45(1.7-
12.0)
NS

5.1(3.2-
8.1)
3.3(1.7-
6.4)
2.0(13-
3.1)
1.6 (1.0-
2.7)

NS

2.3(15-
3.4)
7.0(2.1-
23.2)
2.6(1.2-

>75"

P value

0.498

0.014

0.015

0.106

0.012

0.003

<0.001

0.005

0.003

0.161

<0.001

<0.001

0.001

0.067

0.102
0.001

0.001

0.014



2.0) 2.8)

Leg pain = NRS 5 NS 0.911 NS 0.111
Daily use of analgesics 0.8 (0.6 — 0.030 NS 0.932
1.0)

2.9) 4.3) 5.6)

NS 0.205 NS 0.757 NS 0.701
0.6 (0.4— 0.015 NS 0.165 NS 0.914
1.9)

1Range: 0-100 (no-maximal disability). The ODI score was <33, 33-58, and >58 in the subgroups with low, medium high baseline disability.2Less than four years of
college/university education. *Body Mass Index 230. “American Society of Anesthesiologists grade. *EQ-5D 3L questionnaire; 5" item, moderate to severe
problems. ®Pending medical claim/litigation with the Norwegian public welfare agency fund concerning disability pension. Pending medical compensation
claim/litigation against private insurance companies or the public Norwegian System of Compensation to Patients. ®Numeric Rating Scale (0-10).
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Table 3x. Results from the univariate binary logistic regression analyses of worsening in both the training (n=) and validation (n=) cohort, showing
associations (Odds Ratio (OR) and 95% confidence intervals (Cl)) between predictors and patient reported worsening (yes/no) of lumbar disc surgery, as

defined by validated cut offs on the Oswestry Disability Index (ODI), split on subgroups with low, medium and high baseline ODI scores (percentiles). For all
predictors, except age and gender, NS indicates statistical insignificance, p value > 0.1.

Baseline ODI' group

Predictor

Age »60

Living alone
MNonnative
Norwegian speaker
Female

Smoking

Low education?
Obesity®

ASA* grade 2
Diabetes Mellitus
Anxiety/Depression
Unresolved disability
pension issue®
Unresolved insurance
claim’

Back pain > 12 months

Back pain worse than leg
pain8
Paresis < grade 4

Previously operated
= 2 previous surgeries

Back pain > NRS® 5

100

<25t
OR

1.4(0.8-
2.5)
1.8(11-
2.9)
3.2(14-
7.4)
1.5(0.9-
2.4)
3.1(1.9-
5.0)
3.9(21-
7.1)

NS

25(1.0-
6.7)
NS

2.4(15-
3.9)
3.8(2.0-
7.3)

NS

3.1(1.8-
5.1)
NS

NS

2.4 (14—
4.1)

11.0 (2.6
46.8)
2.583

P value

0.233

0.028

0.006

0.097

<0.001

<0.001

0.277

0.058

0.216

<0.001

<0.001

0.407

<0.001

0.129

0.939
0.001

0.001

<0.001

Training Cohort

2575

OR P value
1.1(0.8- 0.554
1.7)

NS? 0.389
2.6(1.6— <0.001
4.3)

1.0 (0.7 — 0.754
1.3)

25(1.8- <0.001
3.4)

2.3(1.5- <0.001
3.3)

NS 0.184
NS 0.146
1.9(0.9- 0.081
3.9)

1.6 (1.2 0.005
2.2)

21(14- <0.001
3.2)

1.8(1.2- 0.002
2.6)

3.3(24- <0.001
4.7)

NS 0.121
NS 0.588
3.0(2.2- <0.001
4.2)

3.693 0.021
3.044 <0.001

OR

13(0.8-
2.2)
NS

3.5(1.9-
6.3)
1.1(0.7-
1.7)
2.7(1.7-
4.2)
2.7(15-
4.6)
1.8(1.1-
3.0)
3.1(1.7-
5.7)
2.5(11-
5.8)
1.9(1.2-
3.1)
2.7(1.7-
4.3)
3.8(2.1-
6.9)
4.4(2.8-
7.0)

NS

NS

1.5(0.9-
2.4)
32(09-
11.3)
53(1.3-

>75™

P value

0.304

0.114

<0.001

0.640

<0.001

<0.001

0.024

<0.001

0.029

0.012

<0.001

<0.001

<0.001

0.561

0.290
0.099

0.074

0.021

<25t
OR
1.7 (0.8-

3.3)
NS

NS
13(1-1.8)

2.4(13-
4.3)
2.7(1.3-
5.5)

NS

NS
NS

NS
33(1.4-
7.6)
3.8(1.6—
9.4)

NS

NS

NS

2.1(L1-
4.0)
NS

29 (14—

P value

0.146

0.506

0.159

0.104

0.006

0.007

0.302

0.105

0.592

0.849

0.005

0.004

0.147

0.490

0.143
0.023

0.159

0.003

Validation Cohort

25™-75™
OR P value
1.7(1.0- 0.067
2.9)
NS 0.962
3.6 (1.8—- <0.001
7.4)
1.3(0.8- 0.360
2.1)
1.8(1.1- 0.029
3.0)
2.6(1.4- 0.003
4.9)
NS 0.832
24(1.1- 0.033
5.2)
NS 0.477
3.1(1.8- <0.001
5.3)
3.3(23- <0.001
4.8)
NS 0.736
39(2.3- <0.001
6.6)
NS 0.27
NS 0.809
2.2(1.3- 0.002
3.8)
NS 0.127
5.3(1.7- 0.005

OR

0.9 (04—
2.0)
NS

NS

0.6(0.3—-
1.3)
NS

NS
NS

2.7(1.0-
6.8)
NS

NS

55(2.7-
11.3)
3.5(1.4-
9.2)
5.1(2.5-
10.5)

NS

NS

3.3(1.7-
6.6)
11(3.4-
35.4)

NS

>75M

P value

0.748

0.264

0.401

0.185

0.390

0.550

0.145

0.041

0.954

0.253

<0.001

0.009

<0.001

0.519

0.657
0.001

<0.001

0.997



Leg pain > NR5 5 1.544 0.098 NS 0.137

Daily use of analgesics NS 0.841 NS 0.678

6.0) 17.1)

1.8(0.9- 0.870 NS 0.159 NS 0.999
3.7)
0.4(0.2- 0.002 NS 0.595 NS 0.998
0.7)

!Range: 0-100 (no-maximal disability). The ODI score was <33, 33-58, and >58 in the subgroups with low, medium high baseline disability.’Less than four years of
college/university education. *Body Mass Index >30. *American Society of Anesthesiologists grade. >EQ-5D 3L questionnaire; 5% item, moderate to severe
problems. ®Pending medical claim/litigation with the Norwegian public welfare agency fund concerning disability pension. ’Pending medical compensation
claim/litigation against private insurance companies or the public Norwegian System of Compensation to Patients. ®Numeric Rating Scale (0-10).
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Figure 1x. ROC (Receiver operating characteristics) analysis of predicted risk for failure vs not in the low baseline group
(ODI <25th percentile).
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Figure 2x. ROC (Receiver operating characteristics) analysis of predicted risk for worsening vs not in the
low baseline group (ODI <25th percentile).
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Figure 3x. ROC (Receiver operating characteristics) analysis of predicted risk for failure vs not in the medium baseline
group (ODI 25%-75th percentile)
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Figure 4x. ROC (Receiver operating characteristics) analysis of predicted risk for worsening vs not in the medium
baseline group (ODI 25™-75th percentile).
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Figure 5x. ROC (Receiver operating characteristics) analysis of predicted risk for failure vs not in the high baseline group
(ODI >75th percentile).
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Figure 6x. ROC (Receiver operating characteristics) analysis of predicted risk for worsening vs not in the high baseline
group (ODI >75th percentile).|
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Figure 7x. Model algorithm for the three ODI baseline groups. Based on the preoperative ODI the patient will be classified via one of
the three pathways, calculating an overall risk for either failure or worsening. Risk is calculated from the odds of each risk factor. The
risk factors are listed in random order, and their place in the sequence does not reflect their odds.

Patient |
Baseline ODI' Score I

0-33 58 - 100
33-58

&

Female y/n

Female y/n

Female y/n

Age > 60 y/n
Y ¥ .
Low education? y/n Low education yin Low education yin

Non-native speaker
yin

Smoker y/n
Anxiety/Depression
in
Backpain > NRS" 5
in

Backpain > 12
months y/n

Obesity? yin
Smoker yin
Anxiety/Depression’
Backpain > 12
months y/n
Previously operated
n

Unresclved disability
pension issue® yin

Non-native speaker
yin
ASAT grade >2 yin

Anxiety/Depression
Backpain > NRS 5 y/n|
Previously operated Backpain > 12
n months y/n
Unresclved disability Previously operated
pension issue yin yin
| . Unresolved disability

pension issue y/n

Unresolved insurance|
claim® yin

Backpain > Legpain
in

Risk for failure in %

Risk for worsening in %

1Range: 0-100 (no-maximal disability). The ODI score was <33, 33-58 and >58 in the subgroups with low, medium high
baseline disability, respectively.’Less than four years of college/university education. *Body Mass Index 230. *EQ-5D 3L
questionnaire; 57 item, moderate to severe problems. *Pending medical claim/ litigation the Norwegian public welfare
agency fund concerning disability pension. ®Numeric Rating Scale (0-10). ’American Society of Anesthesiologists grade
®pending medical compensation claim/litigation against private insurance companies or the public Norwegian System of
Compensation to Patients
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