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Abstract

Background Transforaminal epidural injections (TEI) can alleviate symptoms and help to maintain physical function-
ing and quality of life in patients with lumbar radicular pain. We aim to develop a prediction model for patient out-
come after TEl in patients suffering from unilateral lumbar radicular pain due to lumbar disc herniation (LDH) or sin-
gle-level spinal stenosis (LSS). The secondary aim is to estimate short-term patient outcome differences between LDH
and LSS patients, the association between psychological variables and patient outcome, the rate of additional injec-
tions, surgery and complications, and to explore the short-term cost-effectiveness of TEI.

Methods This study is designed as a multi-centre, observational, prospective cohort study in two large regional hos-
pitals in the Netherlands. Patients diagnosed with unilateral lumbar radicular pain secondary to LDH or LSS and con-
gruent with MRI findings, who are referred for TEl along usual care pathways, are eligible for study participation. A total
of 388 patients with LDH or LSS will be included. A pre-defined set of demographic, clinical and radiological variables
will be used as the predictors in the model. The primary outcome measure is the Numerical Rating Scale (NRS) for leg
pain. Secondary outcome measures include back pain, physical functioning, perceived recovery, pain coping strate-
gies, anxiety and depression and use of analgesics and physical therapy. Patients will be evaluated at baseline, 2 weeks
and 6 weeks after treatment. NRS leg pain and Likert perceived recovery data will be used as the dependent variables
in a generalized linear mixed model for prediction of TEl outcome, with internal validation of performance (explained
variation) by bootstrap resampling. Cost-effectiveness for a period of 6 weeks prior to and after treatment will be
performed with decision-analytic modelling.
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Discussion Patients with severe lumbar radicular pain often request additional treatment when conservative care
is insufficient. TEI can offer relief of symptoms. Currently, it is not possible to predict responsiveness to this treatment
for individual patients. This study is designed to explore predictors that can differentiate between patients that will
and will not have a positive outcome after TEl. This information may support treatment strategies for this patient

Trial registration This study is registered at ClinicalTrials.gov database under registry number NCT04540068 on Sep-

Keywords Lumbar radicular pain, Spinal stenosis, Lumbar disc herniation, Transforaminal epidural steroid injection,

Background

Unilateral lumbar radicular pain is a common symp-
tom of lumbar radiculopathy, a spinal condition with a
reported lifetime prevalence of up to 43%, depending
on the exact definition of this condition [1]. Generally,
lumbar radicular pain is explained as a symptom when
the function of one of the exiting lumbosacral nerve
roots is affected [2]. The two most common causes are
lumbar disc herniation (LDH) and degenerative lumbar
spinal stenosis (LSS) due to age-related disc degenera-
tion, hypertrophy of the ligamentum flavum and zygap-
ophyseal joint, and osteophyte formation [3]. Both may
result in radiating leg pain, which can be accompanied
by back pain, and sensory and motor deficits. Lum-
bar radicular pain is often insufficiently explained by
merely mechanical compression of the nerve root, and,
therefore, it is suggested that, additionally, inflamma-
tory and immunological processes are involved in LDH
and LSS [4-6]. Disease progression, however, usually
differs as patients with LDH are younger on average
and have a more acute onset of symptoms which may
aggravate when coughing, sneezing or leg-straight-
ening, while patients with LSS often are older and
experience gradually increasing symptoms that may
exacerbate during standing or walking. Nonetheless, in
both patient groups symptoms can severely limit physi-
cal functioning, decrease quality of life, and result in
absenteeism. Symptoms are expected to spontaneously
diminish with time in the majority of LDH patients as
this condition is considered to be self-limiting. Hence,
guidelines advise conservative treatment for the first
weeks to months before opting for non-conservative
therapies [7-9]. For LSS there is less general agreement
on the most appropriate treatment strategy as symp-
toms usually follow a more chronic course, although
some patients may experience natural resolution of
symptoms as well [10-12]. For both patient groups,
however, symptoms are frequently insufficiently allevi-
ated with oral pain medication, and, due to the debili-
tating consequences, medical and socio-economic costs
are tremendous in this patient population [13-16].

Transforaminal epidural steroid injections (TEI) have
become a growingly popular treatment modality in
patients with severe lumbar radicular pain to relieve
symptoms. TEI aims to reduce the inflammation around
the affected nerve root by limiting nerve root oedema,
blocking prostaglandin synthesis and altering the con-
duction of nociceptive C-fibres [17-20]. The rationale
behind this minimally invasive treatment is that it ena-
bles the patient to maintain physical functioning, restores
quality of life, and, if satisfactorily effective, obviates the
need for neurosurgical intervention. However, TEI is
considered to have a temporary effect, and it remains
unclear in what part of the patients symptoms may reoc-
cur necessitating repeat injections or surgery on the short
term nonetheless. Specifically in patients with LSS, which
is thought to be more chronic and less self-limiting than
LDH, there is debate regarding the efficacy of TEL

Several systematic reviews and meta-analyses have
been conducted on the efficacy of TEI in patients with
lumbar radicular pain due to LDH and LSS which dem-
onstrated varying success rates ranging between 19% and
88.4% [21-30]. It is suggested that TEI is likely to be more
beneficial in carefully selected subgroups of patients with
lumbar radicular pain, explaining the variation and over-
all modest effect of this treatment in the whole patient
group. Therefore, prognostic factors should be identified
that could aid in improving patient selection allowing for
more tailored treatment strategies in patients with lum-
bar radicular pain. Numerous demographic, clinical and
radiological factors have been assessed for their associa-
tion with TEI outcome across multiple studies, but few
factors have been demonstrated to be consistently signifi-
cantly associated [31-47] (Table 1). The most consistent
prognostic factors for TEI included a shorter duration
of symptoms in 3 out of 7 studies (OR 2.6 and 2.5 for
VAS>50% and Roland-Morris disability score>40%
reduction; r -0.48 and -0.36 for VAS and ODI) [38, 43],
a positive Slump test in 2 out of 2 studies (Nagelkerke R?
0.10 for VAS leg pain and 0.17 for ODI) [34], degree of
nerve root compression in 3 out of 4 studies (R? 0.06 for
VAS leg pain and ODI) [35] and radiological etiology of
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Table 1 Variables associated with prediction of TEl outcome in previous studies. Only variables assessed in two studies or more were
included. Variables that will be included in the core set of predictors for the model in this study are indicated by an asterisk

Prediction factor for TEl outcome Number of studies that  References Number of studies that did  References Core set
found an association not find an association

Demographic factors

Age 1 [38] 5 [31,33, 39,40, 45] *

BMI 1 [38] 1 [45]

Duration of symptoms 3 [33, 38, 43] 4 [31, 39, 40, 45] *

Injection level 0 5 [31, 39,41, 45, 47]

Injection side 0 4 [31,38,39,47]

Sex 1 [38] 5 [31,39-41, 45] *

Clinical factors

Pre-injection pain score 1 [38] 3 [33,42,45] *

Pre-injection functionality score 1 [38] 1 [42]

Positive Slump test 2 [34, 35] 0

Post-injection pain score 1 [45] 1 [42]

Radiological factors

Lesion level 0 2 [31, 33]

Lesion severity 1 [32] 2 [31, 36]

Location of LDH 2 [35,37] 2 [33,47] *

Degree of nerve root compression 3 [34, 35, 47] 1 [45] *

Presence of transitional vertebrae 2 [44, 46] 1 [45]

Radiological etiology of symptoms 2 [31,41] 3 [33, 34, 40] *

Type of disc degeneration 1 [35] 1 [47]

BMI Body Mass Index, LDH lumbar disc herniation, TEl transforaminal epidural injection

symptoms in 2 out of 5 studies (measure of strength of
association not reported). Since there was large method-
ological variability among studies, strength of association
was not always reported and the majority of variables
were evaluated in a small number of studies. A reliable
predictive model suitable for clinical practice is lacking.
Furthermore, psychological variables may affect patient
outcome after TEI treatment similarly to spine surgery,
but have not been assessed before in relation to this ther-
apy [48, 49].

Therefore, a systematic assessment of demographic,
clinical and radiological factors and their association with
TEI outcome in patients with LDH or LSS is needed in a
sufficiently large prospective cohort study. Since the pur-
pose of TEI treatment is to rapidly resolve symptoms, the
study’s primary aim is to develop a multivariable predic-
tion model for short-term patient outcome with internal
validation of performance. In addition to this prediction
model, we aim to determine the association between psy-
chological baseline variables and patient outcome meas-
ures as this has not been explored before. Furthermore,
as a secondary study objective we intend to explore the
short-term cost-effectiveness of TEIL. TEI is intended to
relief pain symptoms, and, when the effect is satisfactory,
may result in reduction of analgesic intake and physical

therapy sessions. Moreover, patients with severe symp-
toms may take a sick-leave from work which has sub-
stantial socioeconomic costs. However, this the effect of
TEI on these variables has not been studied thoroughly
before. We aim to explore the medical expenditures and
absence from labour before and after TEI treatment.

Methods and design

This protocol has been aligned with the Transparent
reporting of a multivariable prediction model for indi-
vidual prognosis or diagnosis (TRIPOD) statement and
checklist [50].

Design and study setting

The POTEISS (Prediction of Transforaminal Epidural
Injection Success in Sciatica) study is designed as a mul-
ticentre, prospective, observational cohort study and is
performed in accordance with recommendations by the
PROGRESS framework [51]. The study is initiated at
the Leiden University Medical Center (LUMC), Leiden,
the Netherlands and enrolling patients at the outpatient
pain clinic in the Spaarne Hospital (SG), Hoofddorp and
Haarlem, the Netherlands and in the Groene Hart Hos-
pital (GHZ), Gouda, the Netherlands since November
2020 with, currently, a total of 115 patients included.
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Patients that are referred to the pain clinic and that have
a scheduled appointment for treatment with TEI as part
of standard care are screened for eligibility. When meet-
ing the inclusion criteria, patients are contacted by the
study investigator and invited to participate. Follow-up
will be performed by completion of a case report form at
30 min follow-up and by sending digital questionnaires
through e-mail at baseline, 4 days, 2 and 6 weeks follow-
up which are automatically processed in an online secure
database once completed. A schematic overview of study
procedures is provided in Fig. 1.

Aims and objectives
The aim of the POTEISS study is to explore patient
outcome after TEI in patients with unilateral lumbar
radicular pain secondary to lumbar disc herniation or
degenerative spinal stenosis and to identify subgroups
that benefit more or less from this treatment.

The primary objective is to:
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1. Develop a model based on demographic, clinical and
radiological variables for prediction of patient out-
come after TEI (outcome defined as>30% improve-
ment in NRS leg pain; see also Primary analysis sec-
tion, or defined as a perceived recovery Likert score
of 1 or 2; see also Secondary analysis section)

Secondary objectives are to:

1. Estimate short-term patient outcome after TEI in
patients with LDH and LSS

2. Determine the association between psychological
baseline variables and patient outcome measures

3. Determine the rate of additional injections, surgery
and complications after treatment with TEI

4. Explore the short-term cost-effectiveness with deci-
sion-analytic modelling

Diagnosis of unilateral lumbar
radiculopathy by
neurologist/neurosurgeon

.

Inclusion/exclusion criteria

Patients with lumbar radiculopathy

Patients with lumbar radiculopathy

secondary to LDH

A 4

secondary to single-level LSS

A 4

Baseline: demographic data, NRS leg pain, NRS back pain, ODI, HADS, PCI, perceived recovery, EQ-5D-
5L, healthcare use, TEIl data

¢

| Patient receives treatment with a transforaminal epidural injection (TEI) |

'

| Follow-up 30 minutes: NRS leg pain, NRS back pain, TEI data, complications |

!

| Follow-up 4 days: complications |

v

Follow-up 2 weeks: NRS leg pain, NRS back pain, ODI, HADS, PCl, perceived recovery, EQ-5D-5L,
healthcare use

!

Follow-up 6 weeks: NRS leg pain, NRS back pain, ODI, HADS, PCl, perceived recovery, EQ-5D-5L,
healthcare use

Fig. 1 Flow chart of study procedures
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Eligible study participants and recruitment

The patients are selected from the referral database at the
pain clinic. Patients suffering from an episode of unilat-
eral lumbar radicular pain due to LDH or single-level LSS
diagnosed by the neurologist or neurosurgeon, congru-
ent with radiological imaging (MRI), and scheduled for
treatment with TEI are screened for study participation.
The clinical diagnosis of lumbar radicular pain, with or
without other symptoms associated with lumbar radicu-
lopathy, by the neurologist or neurosurgeon is based on
history taking and physical examination and must be
supported with a radiological diagnosis of LDH or LSS on
MRI. Lumbar radicular pain is defined as a painful sensa-
tion that radiates from the back towards the leg, usually
going below the knee and is often described by patients
as electric, shooting or cramping. Clinical presentation in
case of LDH usually involves a more acute onset with a
constant pain which is episodically aggravated and often
not dependent on the patient’s position. Patients with
clinically suspected LSS usually describe a more gradual
onset and progression of with unilateral radicular pain
that may be aggravated by walking or standing. In both
cases, MRI findings must be congruent with clinical find-
ings, i.e., lumbar level. If MRI results are not congruent
with clinical findings, the patient is not eligible for inclu-
sion. TEI treatment appointments are made by a pain
clinic nurse as part of standard care. A complete descrip-
tion of inclusion and exclusion criteria can be found in
Table 2.

Definition of lumbar disc herniation and degenerative
spinal stenosis on MRI

For this study, lumbar disc herniation is defined as the
presence of protrusion, extrusion or sequestration of an

Table 2 Patient inclusion and exclusion criteria
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intervertebral disc without other significant degenerative
changes that may affect the nerve root at that level. Cen-
tral lumbar disc herniation will be eligible only if symp-
toms are unilateral and cauda equina syndrome is absent.
Patients with symptoms due to an extraforaminal disc
herniation are included as well.

Degenerative spinal stenosis is defined as narrowing
of the spinal canal, lateral recess or neuroforamen due
to degenerative changes of the bony structures (osteo-
phytes) and surrounding tissues including ligaments,
zygapophyseal joints, and a bulging intervertebral disc.
Only patients with a stenosis causing unilateral symp-
toms are eligible. Patients with synovial (facet) cysts, neo-
plasm or spondylolisthesis resulting in stenosis will be
excluded.

Evident physical compression of the nerve root will
not be an eligibility criterion, but compression will be
graded for analysis of MRI data (see also Secondary study
parameters section), since in patients without evident
nerve root compression inflammatory processes may be a
key contributor that can be treated with a transforaminal
epidural steroid injection [52-54].

Intervention procedures

Transforaminal epidural injection (TEI)

Administration of the transforaminal epidural injection
(TEI) will be performed by multiple experienced anaes-
thesiologists from the participating hospitals. The treat-
ing anaesthesiologist determines the treatment level
based on clinical findings and radiological imaging (diag-
nosed by neurologist or neurosurgeon). The patient will
lie in a prone position on the table with a support under-
neath to reduce the natural lordosis. The skin is sterilized
with chlorhexidine and locally anaesthetized with 1 mL

Inclusion criteria

Exclusion criteria

Clinical diagnosis of unilateral lumbar radicular pain
by neurologist or neurosurgeon

Radiological diagnosis of LDH or LSS on MRI'and con-
gruent with clinical findings?

Scheduled appointment for TEI

Access to e-mail

Signed informed consent

Age under 18 years
Severe multisegmental spinal disease

Anatomical abnormalities that may complicate the procedure technically (e.g. severe scoliosis)
History of lower back surgery at the same lumbar level and side

Previous treatment with TEI for current episode of lumbar radicular pain

Active malignancy or infectious disease
Use of immunosuppressive drugs
Use of systemic corticosteroids in preceding 3 months

Circumstances that prevent treatment with TEl (e.g. use of anticoagulants that cannot be
temporarily discontinued, allergy against steroids or local anaesthetic)

Pregnancy

Major language barrier

2 Definitions of LDH and LSS are provided in the Definition of lumbar disc herniation and degenerative spinal stenosis on MRI section. LDH lumbar disc herniation, LSS
lumbar spinal stenosis, MRI magnetic resonance imaging, TE/ transforaminal epidural injection
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1% lidocaine. Under fluoroscopic image guidance the
needle is placed via a transforaminal approach in close
proximity of the nerve root. This is achieved by advanc-
ing the needle subpedicularly towards the safe triangle
which is confined by the inferior border of the pedicle,
the exiting nerve root and inferiorly from the anterior
margin of the pedicle [55] (Fig. 2).

Contrast agent is injected to confirm correct position-
ing of the needle. In case of incorrect positioning, the
needle is retracted and repositioned towards the correct
location. In accordance with current Dutch anaesthe-
siologic guidelines, injections at L3 and below will con-
tain 1,5 ml lidocaine 2% and 40 mg methylprednisolone

Fig. 2 Transforaminal approach into the safe triangle space. This
space is confined by the inferior border of the pedicle, the exiting
nerve root and inferiorly from the anterior margin of the pedicle
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acetate and injections above L3 will contain 1,5 ml lido-
caine 1% and 10 mg dexamethasone to prevent possible
vascular occlusion of the artery of Adamkiewicz [56].
After the procedure, the patient will stay for 30 min at the
recovery room for monitoring.

Adjuvant care

Since this is an observational cohort study, patients are
allowed to use any type of adjuvant care as they require.
This may include, but is not limited to, analgesic usage
and physical therapy. To compare the use of concomi-
tant therapy between groups, the patients are requested
to register their use of oral pain medication and physical
(rehabilitation) therapy during follow-up.

Data collection and protection

Data will be collected using Castor EDC, a web-based
data capture platform (Ciwit B.V., Amsterdam, The Neth-
erlands). After study participation has been confirmed
and informed consent has been provided, the patient
will complete baseline questionnaires the day before TEI
treatment. For all follow-up moments the patient will
receive an e-mail with a hyperlink to the questionnaires
to fill in at home. When the questionnaires are com-
pleted, they will be automatically processed anonymously
in Castor EDC. All data will be safeguarded and stored
for 15 years after end of study. In the database each
patient is given an untraceable ID that can only be linked
to the patient’s personal details with a key file. Access to
this key file and the final dataset will only be granted to
members of the research team, an independent monitor
and the Inspection for Healthcare Inspection and Youth

aap.

Study parameters and follow-up

Demographic data are assessed at baseline by an inde-
pendent researcher and outcome measurements are self-
reported by the patient. Follow-up starts on the day of
treatment and patients fill in questionnaires at 4 days, 2
and 6 weeks after treatment. Patients are not entitled to
see results from previous follow-up moments. A sum-
mary of all outcome measurements for each follow-up
moment can be found in Table 3.

Primary study parameter

+ The primary study outcome measure, the Numeri-
cal Rating Scale (NRS) for leg pain, will be assessed
at baseline, 30 min, 2 weeks and 6 weeks after treat-
ment. NRS for leg pain will be scored on a 0 (no pain)
to 10-point (worst imaginable pain) scale with incre-
ments of 1 point. Each patient will give an average
score for the previous 7 days and the highest score
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Table 3 Data collection schedule

Baseline Follow-up
30min Day4 Week2 Week6

Demographicdata v/

NRS leg pain v v v v
NRS back pain v v v v
ODI v v v
HADS v v v
PCl v v v
Perceived recovery v v
EQ-5D-5L v v v
Health care use® v v v
TEI data® v v

Complications v v

2 Specifics on the collected data are provided in the Secondary study parameters
section. HADS Hospital Anxiety and Depression Scale, NRS numerical rating scale,

ODI Os

westry Disability Index, PC/ pain coping inventory, TEl transforaminal

epidural injection, VAS visual analogue scale

during those same 7 days. Leg pain from lumbar
radiculopathy may vary during the week and, there-
fore, an average score of the past 7 days will be more
representative with sufficient reliability [57, 58].

Secondary study parameters

In or

der to assess back pain, physical functioning, anxiety

and depression-related complaints, pain coping strategies
and perceived recovery secondary study outcome meas-

ures
eters

will be measured. In addition, other study param-
will be collected for development of a prediction

model.

3

NRS for back pain will be scored at baseline, 30 min,
2 weeks and 6 weeks after treatment. NRS for back
pain will be scored on a 0 (no pain) to 10-point
(worst imaginable pain) scale with increments of 1
point. Each patient will give an average score for the
previous 7 days and the highest score during those
same 7 days. Similarly to leg pain, back pain intensity
may change during the week and, therefore, an aver-
age score of the past 7 days will be more representa-
tive with sufficient reliability [57, 58].

The Oswestry Disability Index (ODI) will be recorded
to assess physical functioning. The ODI will be
scored on a 0 (no disability) to 50-point (worst dis-
ability possible) scale at baseline, 2 and 6 weeks after
treatment and multiplied by a factor of 2 to provide a
score on a 0 to 100 percentage scale.

The Hospital Anxiety and Depression Scale (HADS)
will be measured to evaluate complaints of anxiety
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and depression at baseline, 2 weeks and 6 weeks after
treatment. Both are scored with 7 items on a Likert
scale that ranges from 0 to 3. For each dimension a
maximum score of 21 points is possible. A score
between 0 and 7 implies the absence of anxiety or
depression, between 8 and 10 indicates a possible
anxiety or depression disorder, and 11 or higher indi-
cates the presence of anxiety or depression.

The Pain Coping Inventory (PCI) will be recorded
to measure how the patient copes with pain symp-
toms. This scale assesses 6 different coping styles
using 33 items which can be answered with scores
from 1 (never or rarely used) to 4 (very often used) to
determine how often the patient practices a certain
coping strategy. The PCI will be obtained at baseline,
2 weeks and 6 weeks after treatment.

Perceived recovery will be measured to determine
how the patient perceived his or her recovery. A
7-point Likert scale is used: ‘completely recov-
ered’=1, ‘significantly recovered’'=2, ‘somewhat
recovered’=3, ‘no recovery’' =4, ‘somewhat wors-
ened' =5, ‘significantly worsened’'=6 and ‘worse
than ever’=7. Perceived recovery will be assessed at
2 weeks and 6 weeks after treatment.

EQ-5D-5L questionnaire: will be used for the cost-
effectiveness analysis. This questionnaire consists of
both the EQ-5D-5L descriptive systems which meas-
ures five dimensions of health-related Quality of Life
(mobility, self-care, daily activities, pain/discomfort,
and anxiety/depression with 5 severity levels) and
the EQ-VAS, a visual analogue scale rating the over-
all current health-related Quality of Life ranging
from O (as bad as death) to 100 (perfect health). The
EQ-5D scores will be assessed at baseline and at 2,
and 6 weeks follow-up.

Health care use: pain medication use, physical ther-
apy use and number of appointments with GP (at
GP’s practice, at home or via telephone/e-mail) are
recorded at 2 weeks and 6 weeks after treatment. At
baseline patients are asked about these variables for
the 6-week period preceding study participation.
Radiological variables: lumbar level and location
of disc herniation (central, paramedian, forami-
nal or extraforaminal) or stenosis (central, lateral
recess, foraminal), type of disc degeneration (bulg-
ing, protrusion, extrusion, sequestration) and Pfir-
rmann classification [59], degree of stenosis (Miskin
scale [60]), disc height loss (0%, 1-25%, 26-50%,
51-75%,>75%), vertebral end plate changes (Modic
scale [61]), facet degeneration (Weishaupt scale
[62]), epidural lipomatosis grading (Borré scale [63])
and degree of nerve root impingement (Pfirrmann
grading [64]) will be evaluated by two independent
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researchers, blinded to clinical data including patient
outcome, on T1 and T2 weighted sagittal and trans-
versal MRI data.

Other parameters

+ TEI data: data on administration of TEI is collected
by the anaesthesiologist or by a nurse. This includes
the date of injection, lumbar level, side and the
occurrence of any complication during the procedure
or within 30 min afterwards.

» Data regarding the need for additional injections or
surgery after TEI will be obtained from the patient’s
medical record.

+ Complications: data will be collected on complica-
tions occurring periprocedural by the anaesthesiolo-
gist or nurse. At the fourth day after treatment the
patient is requested to fill in a questionnaire about
the occurrence of any complication since the pro-
cedure. Information on other adverse events that
require a visit to the hospital or hospitalization will
be obtained from the patient’s medical record.

Sample size calculation

The sample size was calculated for a multivariable pre-
diction model with a binary outcome in R (version 3.6.3)
[65] using the ‘pmsampsize’ package [66] to ensure ample
patients for this analysis. The criteria used to calculate
the sample size aim to minimize overfitting and ensure
accurate estimation of pivotal variables in the model [67].
For the calculation we used a dichotomized NRS for leg
pain as the binary outcome variable based on a mini-
mal reduction of 30% in leg pain intensity compared to
baseline (further elaborated in the ‘Analysis’ section).
We hypothesized that 60% of the patients will be consid-
ered a ‘success’ (for definition see Primary analysis sec-
tion) after two weeks based on estimations in previous
literature [25]. We assumed an R* (percentage of varia-
tion in outcome explained by the model) of 0.25, based
on the strength of association of individual predictors as
reported by a limited number of previous studies. Fur-
thermore, we assumed an expected number of predictor
variables of 10 and a desired level of shrinkage (meas-
ure of overfitting) at internal validation of 0.9. With an
assumed margin of error of 0.05 in the estimation of the
intercept a total of 369 patients is needed. A sample size
of 369 patients will suffice for a range of R? (0.22-0.73).
With a loss to follow-up of 5% we aim to include a total
of 388 patients. The ratio of patients with LDH and LSS
to be included will not be predefined but will result from
the ratio in clinical practice. We estimated that the ratio

Page 8 of 13

LDH: LSS patients will be between 2:1 and 3:1 based on
clinical experience.

Data analysis

Demographic data will be reported using descriptive
statistics. Continuous variables (age, BMI, duration of
symptoms) will be presented by median and interquar-
tile range. Categorical variables (sex, cause of symptoms,
smoking status, alcohol use, side of radicular symptoms,
use of pain medication, use of physical therapy, living
situation and daily occupation) will be presented using
numbers and percentages. For comparisons of demo-
graphic data between patients with LDH and LSS, appro-
priate statistical tests will be performed, depending on
scale of measurement: for continuous outcomes the
Mann-Whitney U test will be used, whereas for categori-
cal data the x? test will be employed.

Primary analysis
The primary study outcome measure, the average score
on the NRS leg pain scale, will be determined 30 min
after the procedure and at the 2 and 6-week follow-up
moments. Linear mixed models will be used with a radio-
logical diagnosis (LDH or LSS) by time (as a main effect)
and random effect for repeated measures within-subjects
to assess differences between patient groups across all
time points while correcting for potential confounders.
Furthermore, for each patient the change in NRS leg
pain score at follow-up will be dichotomized using a
predefined cut-off of 30% or more pain reduction com-
pared to baseline. This is based on the minimally clinical
important difference (MCID) of 30% as recommended by
an international consensus group [68]. Patients with pain
reduction of 30% or more compared to baseline will be
considered ‘success’ and patients with less pain reduction,
an increase in pain, repeat injections or surgery within
the follow-up period will be considered ‘non-success.
Proportions of ‘success’ and ‘non-success’ will be com-
pared between groups across all time-points. A general-
ized linear mixed model analysis for this dichotomized
outcome measure at 6 weeks follow-up will be performed
to predict a positive outcome after TEIL. The model will
include different sets of predictors using demographic,
clinical and radiological variables:

« Core predictors: age, sex, duration of symptoms, pre-
injection NRS for leg pain, HADS and PCI scores,
radiological diagnosis (LDH or single-level LSS),
location of disc degeneration, degree of nerve root
compression (Pfirrmann grading) and vertebral end-
plate changes (Modic scale).

+ Extended set of predictors: body mass index (BMI),
injection level, injection side, pre-injection ODI
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score, presence of neurologic deficit (sensory and
motor deficits observed during physical examina-
tion), post-procedural NRS for leg pain score at
30 min, NRS for leg pain at 2 weeks, perceived recov-
ery at 2 weeks, type of disc degeneration, MRI signal
intensity of the nerve root, lesion level and presence
of transitional vertebrae

+ Exploration of MRIL radiological variables not
included in the core or extended predictor set will be
assessed as categorical variables using different scales
(see Secondary study parameters section) for their
association with TEI outcome

The core predictor set includes variables that were rela-
tively consistently associated with TEI outcome based on
a literature review and variables that were hypothetically
auspicious.

Performance measures will include the area under the
receiver operating characteristic curve (AUC) to indicate
discriminative ability, and R* for overall performance.
Internal validation will be performed by bootstrap resa-
mpling with 500 iterations.

Secondary analysis
The mean NRS for back pain and ODI will be deter-
mined postprocedural and for the 2 and 6-week follow-
up moments. Similarly to NRS for leg pain, linear mixed
models will be used with a radiological diagnosis (LDH
or LSS) by time (as a main effect) and random effect for
repeated measures within-subjects to assess differences
between patient groups across all time points while cor-
recting for potential confounders. For assessment of the
number of ‘success’ and ‘non-success’ for back pain (NRS)
and disability (ODI) scores, a predefined cut-off of 30% or
more reduction compared to baseline will be used [68].
Likert data for perceived recovery will be dichotomized
(a score of 1 or 2 will be considered a ‘successful recov-
ery’ and patients with this score, therefore, ‘success, 3—-7
will be considered ‘no successful recovery’ and patients
with this score, therefore, ‘non-success’) and compared
between LDH and LSS groups using Chi-square tests for
the 2- and 6-week follow-up time points. A generalized
linear mixed model analysis for dichotomized perceived
recovery data at 6-weeks follow-up will be performed.
The same sets of predictors will be used as for the predic-
tion model based on dichotomized NRS leg pain data.
An exploratory cost-effectiveness analysis of TEI versus
usual care will be performed by comparing the observed
costs and effects the six weeks before treatment to the six
weeks after treatment, assuming the period before treat-
ment to be representative for usual care. The analysis will
be performed from a healthcare perspective. Patients will
provide data for this analysis through the EQ-5D-5L and
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healthcare use questionnaires at baseline, 2 and 6 weeks
follow-up. Healthcare use will be valued using standard
prices as published in the Dutch costing guideline [69].
Effects will be expressed in quality adjusted life years
(QALYs). QALYs will be estimated by first calculating
the utilities using the Dutch tariff [70]. Subsequently,
the QALYs for the 6 week period before treatment will
be based on the utility at baseline, and the QALYs in the
6 weeks after treatment will be obtained from utilities
measured at baseline, 2 and 6 weeks follow-up using the
area under the curve method.

Missing data

Patterns of missing data will be explored and visualized.
Imputation will be considered using multiple imputation
based on correlation with covariates and the outcomes
using the ‘mice’ package in R [71].

Reporting

Study results will be reported in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) and Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis
or Diagnosis (TRIPOD) guidelines [50, 72].

Study limitations

This study is limited by the absence of a formal control
group. It is possible that a subgroup of patients with lum-
bar radicular pain can be satisfactorily treated with an
inert substance or other types of treatment [27]. As such,
it is possible that prognostic factors found through this
study may also be associated with outcome after other
treatments. Ideally, this would require a randomized
controlled trial and the sample size would have to be
smaller for feasibility reasons precluding the develop-
ment of a prediction model for treatment outcome. The
exploratory cost-effectiveness assumes the 6-week period
before treatment to be representative of usual care. Addi-
tionally, the study may be limited by selection bias since
most patients will be suffering from chronic symptoms.
Patients with (sub)acute symptoms are usually treated
conservatively. At the time they are referred to the pain
clinic for TEI, symptoms will have a more chronic char-
acter. Furthermore, at baseline patients are asked about
their health care utilization in the six weeks prior to par-
ticipation. This may possibly lead to recall bias.

Discussion

Patients with severe lumbar radicular pain often request
further treatment when conservative care with oral pain
medication is inadequate. TEI is a minimally invasive
treatment that could provide sufficient symptom reduc-
tion and obviate the need for surgery in part of those
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patients for whom conservative care have failed. To offer
each patient the most appropriate treatment strategy
it is necessary that clinicians can differentiate between
patients whose symptoms can be sufficiently alleviated
with TEI and patients that may need to be subjected to
surgery nonetheless. Therefore, this study aims to explore
prognostic factors and develop a prediction model for
assessment of the likely outcomes with TEL

A considerable number of studies has previously
assessed prognostic factors for TEI success in patients
with lumbar radicular pain. However, only few variables
have been evaluated across multiple studies and for these
factors the results are inconsistent. Among demographic
variables, duration of symptoms has been demonstrated
to be associated with pain reduction across multiple
studies. A prolonged duration of symptoms was associ-
ated with worse outcome in three studies [33, 38, 43]. Yet,
in the majority of studies duration of symptoms along
with age, BMI, sex, injection level and side were not sig-
nificantly associated with outcomes. Additionally, among
clinical variables a positive Slump test was shown to be
associated with patient outcome in two studies [34, 35].
Pre-injection pain and physical functioning scores, and
post-injection pain scores were not associated with TEI
outcome in multiple studies. Furthermore, several radi-
ological characteristics were correlated with treatment
outcome. Two studies showed an association between
superior TEI outcome and LSS rather than LDH ([31,
41], although three studies reported no association [33,
34, 40], and two studies reported that patients with tran-
sitional vertebrae fared worse after TEI compared to
patients without this spinal deformity [44, 46]. Four stud-
ies that assessed the association between the location of
disc herniation and treatment outcome showed incon-
sistent results [33, 34, 37, 47]. In addition, three out of
four studies demonstrated better outcome after TEI in
patients with a higher degree of nerve root impingement
[34, 35, 47]. This appears paradoxical as it is hypothesized
that in patients without high-grade nerve root compres-
sion inflammation plays a more crucial role and, expect-
ingly, would fare better after TEI treatment. Therefore,
the degree of nerve root compression will be thoroughly
evaluated in the current study and included as a covari-
ate in the prediction model. Additionally, the HADS
and PCI scores will be included in the prediction model.
The PCI has not been correlated with outcome after TEI
before, while the HADS has been investigated before only
once, but that study included patients undergoing mul-
tiple injections [73]. However, both have been demon-
strated to correlate with outcome after surgery predicting
residual pain and disability and a passive pain coping
strategy may aid in the transition from acute to chronic
pain [74-77]. Furthermore, among radiological variables
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the presence of Modic changes will be included as it is
hypothesized that this feature represents the effects of
inflammatory processes which may respond better to
treatment with steroids [78-80].

The large discrepancies between findings from pre-
vious studies most likely relate to the variety of patient
populations, methodological designs and treatment tech-
niques. For this reason, it is imperative to provide a clear
definition of patients with lumbar disc herniation, but
particularly of stenosis patients. Patients with central disc
herniation or spinal stenosis and radicular pain in both
legs may require treatment with bilateral transforami-
nal injections. Moreover, in patients with symptomatic
multi-level spinal stenosis a corticosteroid injection at
a single level may not be sufficient and, therefore, out-
come measures will not accurately present the effect of
the injection. Hence, in the current study only patients
are included with unilateral radicular pain congruent
with radiological imaging and without clinically relevant
multi-level degenerative changes. Although TEI may be
effective for patients suffering from unilateral lumbar
radicular pain due to LDH as well as single-level LSS,
some variables could predict treatment outcome in one
group but not the other. A number of previous studies
has evaluated both aetiologies as a single population and
possibly this obscured the true predictive value of certain
factors. Therefore, in this study these patient groups will
be assessed separately.

Additionally, variation in methodological design may
have affected the reported effect sizes of TEI in previ-
ous studies. The sample sizes of some studies were small,
which may have led to a lack of statistical power to draw
appropriate conclusions. For this prospective study, the
sample size calculation was specifically aimed at the
development of a prediction model to ensure sufficient
power for detection of significant differences. Moreover,
treatment outcome after TEI is often presented in terms
of success rates based on a predefined percentual or abso-
lute decline in pain or disability scores. However, various
definitions of success were employed which reduces com-
parability between studies. We will use a standardized
threshold of 30% pain reduction compared to baseline as
recommended by an international consensus group [68],
although, statistically, we recognize a number of limita-
tions of dichotomization, such as debate on whether to
use an absolute of relative scale, the arbitrary point of
dichotomization and a loss of statistical power.

Finally, treatment procedures were different among
previous studies. The diversity of corticosteroids, injec-
tion dose and number of injections may have affected
treatment results. In the current study, standardized
doses of corticosteroids will be used according to national
anesthesiologic guidelines and patients will only receive
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one injection. In patients receiving a second injection
within six weeks after the first injection, initial treatment
will be considered to have failed [48].

This observational cohort study will provide insights in
the outcome after a single TEI in patients with unilateral
lumbar radicular pain secondary to LDH or single-level
LSS in clinical practice. In addition, this study is expected
to provide data for the development of a prediction
model of patient outcome after TEL Prediction of patient
outcome after TEI could be an important step towards a
tailored and personalized treatment strategy for patients
with lumbar radicular pain.

Ethics and dissemination

Informed consent is obtained from every patient.
POTEISS is  registered at  ClinicalTrials.gov
(NCT04540068). Results for LDH and LSS patients
will be offered to peer-reviewed journals. The study is
expected to be completed on 31 December 2026. Data
will be available from the authors on reasonable request.
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