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Abstract
Background: Failed back surgery syndrome (FBSS) represents one main cause of chronic neuropathic or mixed
pain, functional disability and reduced Health Related Quality of Life (HRQoL). Spinal Cord Stimulation (SCS) can be
a value for money option to treat patients refractory to conventional medical management (CMM).
We estimated from real-world data: 1) the amount of reduced levels of HRQoL of target patients compared to
general population, 2) the relationship between pain intensity, functional disability, and overall HRQoL, and 3) the
improvement of patients’ health from SCS intervention, and 4) we give some insights and make some suggestions
on the selection of a battery of patients’ reported health instruments for use in routine clinical practice.
Methods: At recruitment (before SCS) and every 6 months for 2 years after SCS a battery of questionnaires/tests
were completed: the generic EQ-5D and SF-36 for HRQoL, the specific Numerical Rating Scale (NRS) to measure
pain intensity, and Oswestry Disability Index (ODI) to measure functional disability. We conducted multilevel
regression analyses to investigate the association of HRQoL with the NRS and ODI indexes; multiple regression
analyses to compare EQ-5D data with those of the general population adjusted for age, sex and education, and
statistical tests to compare the changes of HRQoL, NRS and ODI estimates at baseline with those measured during
the follow-up.
Results: Eighty patients (40% male, mean age = 58 years) participated. HRQoL was significantly worse in the
patients than in the corresponding general population. Pain, functional disability and HRQoL significantly related
each other during follow-up, Significant improvements (p < 0.001) in pain intensity, functional capability and HRQoL
were reached after 6 months from SCS and generally remained stable during follow-up. Specific instruments
provided detailed information on disability and pain, while generic instruments assessed the overall HRQoL and
allowed a comparison with the general population’s one.
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Conclusions: SCS + CMM treatment reaches a statistically significant and probably a clinically relevant improvement
in pain perception, functional disability and HRQoL in patients with FBSS refractory to CMM. An appropriate
selection of instruments for use in clinical practice is crucial for a routine assessment of health perception in
patients, aimed to guide decisions for optimal treatment.
Keywords: Failed back surgery syndrome, Spinal cord stimulation, Health-related quality-of-life, Pain intensity,
Disability

Background
Failed Back Surgery Syndrome (FBSS) is a relatively
common condition causing chronic low back and/or leg
pain persisting or recurring after one or more lumbar
surgeries, associated with functional disability, low levels
of Quality of Life [1, 2], and high rate of loss of productivity, with a significant economic impact [3, 4]. It has
been estimated that affects 0.61% of general population,
with an annual incidence of 0.033% [3]. It has been reported that 30% of patients having lumbar spinal surgery
will develop FBSS [2]. Low levels of Health-Related
Quality-of-Life (HRQoL) have been reported for patients
with severe chronic pain [5]. A systematic review reports
that HRQoL in patients with FBSS is lower than in patients with other chronic conditions such as neuropathic
pain disorder (e.g. diabetic polyneuropathy) and other
conditions like stroke or heart failure [6]. The impact of
FBSS and its management on individuals’ health and its
economic cost to society are considerable [4]. In patients
who experience persistent pain after conventional medical management, Spinal Cord Stimulation (SCS) might
be recommended [7]. More recently, specific recommendations for appropriate SCS implantation have been
published [8]. In 2008 the National Institute for Health
and Care Excellence (NICE) recommended the use of
SCS for the treatment of neuropathic pain, including
those caused by FBSS, and underlined the need of observational research able to generate robust evidence about
the durability of benefits of SCS in the real world context [9]. Among the studies conducted in this area in the
past years [10–14], the PRECISE study is the first realworld study showing the value for money of SCS in patients with FBSS refractory to conventional medical
management. In particular, the cost-utility acceptability
curve obtained from the analyses of the data suggests
that under the assumption that decision makers’ willingness to pay per Quality-Adjusted-Life-Years (QALYs) is
€60,000, SCS implantation is cost-effective in 80 and
85% of cases, according to the NHS’s and societal point
of views, respectively.
Further investigations were conducted to assess the relationships and the trend of patients’ health after treatment with SCS [13]. However, no real world data were
analysed in those studies, despite the suggestions by the

NICE [15]. The present work had more aims: to estimate
1) the amount of reduced levels of HRQoL that patients
with FBSS can have compared to the corresponding general population, 2) the relationship between pain intensity, functional disability, and overall HRQoL, and 3) the
improvement of patients’ health in 2 years from SCS
intervention in a clinical practice context. Furthermore,
4) we give some insights and make some suggestions on
the choice of the patients’ reported health instruments,
which can contribute to perform a routine complete
health assessment aimed to optimize treatment benefits
in clinical practice.

Methods
Subjects and setting

The dimension of the sample in the PRECISE study was
decided adopting a combination of statistical and pragmatic approach, according to previous scientific experience focusing on patients with similar characteristics (e.
g. [10]), and on the resources available for the conduction of the present study in a naturalistic context. Considering the specificity of the FBSS with refractoriness to
conventional medical management, which requires high
level of expertise necessary for the adoption of SCS, we
found 9 specialized centers (6 pain units and 3 neurosurgery wards) able to participate across Italy, all having at
least five years of experience in the management of patients with FBSS treated with SCS. Each center could
potentially contribute with around 8–10 eligible patients
assigned to receive SCS following clinical practice. Accordingly, we expected to reach around 72–90 patients,
which was higher than the dimension reached from a
single country in other studies previously conducted, including the PROCESS Randomized Clinical Trial [10].
In the PROCESS trial [10], which main objective was to
assess clinical effectiveness of SCS in patients with FBSS,
the sample size was established to include 50 patients
per parallel arm from different countries, under the hypothesis that 30% percent of the patients improved at
least 50% on the self-reported pain scale (primary outcome) within the first 6 months from treatment initiation. Applying this hypothesis in our study for the same
primary outcome measured with the NRS scale, considering its different design based on a pre- post-treatment
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single arm or participants, a sample size of 80 subjects
would provide estimates at a power > 85% with an
alpha< 5%.
Between June 2005 and October 2007, all consecutive
patients who satisfied the eligibility criteria were invited
and accepted to participate. Inclusion and exclusion criteria used for this study, specified in the Additional file 1,
reflect recommendations that have been recently published [16, 17].
Eligible patients received information on: 1) the aim of
the study, 2) the SCS surgical procedures and potential
clinical outcomes, 3) the technical variables (e.g. the self
regulation parameters), related both to the external pulse
generator (EPG) during the stimulation test period
(STP) and to the totally implantable pulse generator
(IPG); 4) the possible complications; 5) the data collection procedure. Eligible patients had to sign an informed
consent form after receiving all the necessary information on the aim of the study, the type of data and the
method of data collection. The study participation of
each center was previously approved by the Local Ethics
Committee, present in each hospital according to the
Italian regulations on clinical research.
Procedure

At the enrollment the participants underwent a percutaneous lead implantation adopting standardized clinical
practice [2, 8, 18] and following the study protocol
homogeneously by all the participating centres. The procedure was carried out under local anesthesia with patient
in prone position. A Tuohy needle was inserted 2 cm lateral to the midline obliquely into the posterior epidural
space and a lead was introduced and advanced upward
under fluoroscopic control. When the appropriate lead

Page 3 of 14

level was reached in order to maximize paresthesia coverage of painful area, a percutaneous extension wire was implanted and connected to an external stimulator. The
patients were observed during a Stimulation Test Period
(STP), with a minimum duration of 15 days. Those who
responded positively to the STP were implanted under
local anesthesia with non-rechargeable IPG, placed in a
subcutaneous pocket at the level of the abdominal wall,
and were followed up to 24 months. The test screening
was considered positive when patients experienced at least
50% pain relief and at least 80% overlap of pain with
stimulation-induced. We did not continue to collect data
on patients that did not respond positively to the STP and
on patients that for different reasons stopped the study
before the scheduled 24-month follow-up period.
Observational period

A schematic definition and duration of the observational
period is reported in Fig. 1. Namely, the observational
period included a preSCS and a postSCS period. The
preSCS period included the 12-months period before
SCS: 11 months before enrolment and 1 month from
enrollment to SCS intervention. The postSCS period
was intended to be up to 24 months after the SCS intervention and was divided in 6-months periods according
to the scheduled follow-up visits.
Data and data collection

Data were collected using a Case Report Form (CRF)
and a patient diary. Together with information on resources consumption used to conduct the economic
evaluation [13] we collected data on socio-demographic
and clinical characteristics, pain intensity, physical ability
and HRQoL. Data were collected on the 12 months

Fig. 1 Schematic definition and duration of the observational period. Schematic representation of the observational period. All the patients were
enrolled at T− 1, completed the questionnaires about the previous 12 months, and underwent a simulation test period (STP), named preSCS
period. At T0, those who responded positively to the STP were implanted with implantable pulse generator (postSCS period) and completed
again the questionnaires at that time and at T6, T12, T18 and T24
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before enrolment (preSCS period) and on the postSCS
period at each scheduled 6-month follow-up visit.
Socio-demographic data included age, gender, marital
status, working status, and education collected by the
physician at enrolment.
Pain intensity was recorded using the Numerical Rating Scale (NRS), which is scored from 0 (no pain) to 10
(the most intense pain imaginable) [19]. In particular,
each patient was asked to score on the NRS the mean
and the maximum level of pain perceived at the low
back and one or both the legs, in the previous 12 months
(at enrolment) and in the previous 6 months (during
follow-up).
The level of disability was measured with the Oswestry
Disability Questionnaire, which is a back-specific questionnaire covering 10 dimensions of functional ability:
intensity of pain, lifting, ability to care for oneself, ability
to walk, ability to sit, sexual function, ability to stand,
social life, sleep quality, and ability to travel. Each patient was asked to assign to each domain one out of six
possible levels of severity from 0 (no limitation) to five
(greatest possible limitation) according his/her current
perception. The percentage of disability, corresponding
to the total ODI score, is obtained adding up the scores,
dividing the total by 50 and multiplying the result by
100. A score up to 20% indicates minimal disability,
21–40% indicates moderate disability, 41–60% indicates severe disability, 61–80% indicates level of pain
that interfere with all aspects of the patient’s life requiring intervention, 81–100% indicates patients who
are bed bound [20].
As regards HRQoL, the patients self-completed a battery of 2 generic questionnaires: the Medical Outcome
Study Short Form 36 (SF36) [21] and the EQ-5D [22].
These questionnaires were chosen for their capability to
assess both physical and psychological components of
health, as they allow comparing health within and between different clinical conditions and with the general
population. Interestingly, these instruments have been
used also in other recent studies on FBSS [5, 6, 23]. SF36 assesses HRQoL using 35 questions referring to the
previous month grouped in eight dimensions scoring between 0 (corresponding to worst possible state) and 100
(corresponding to best possible state). Namely, physical
functioning, role-physical, and bodily pain are more
related to the physical component of health; social
functioning, role-emotional, and mental health are
more related to the mental component of health;
finally, energy/vitality and general health relate to
both components [21, 24]. The eight domains can be
grouped into two summary scores, one specific for
physical health (Physical Component Summary - PCS)
and the other for mental health (Mental Component
Summary – MCS) [25].
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The EQ-5D was developed to describe value individuals’ health. The tool consists of two parts: a descriptive
system (EQ-5D profile) consisting of 5 domains, namely
“mobility”, “self-care”, “anxiety/depression”, “usual activities” and “pain/discomfort”. In the EQ-5D-3 L version,
the descriptive system includes three levels of severity
per domain (“no problem”, “some/moderate problems”,
“extreme problems/impossible to do”). The second part
of the questionnaire consists of a visual analogue scale
(EQ-5D VAS) measuring the overall HRQoL, ranging
from 0 (worst imaginable health state) to 100 (best imaginable health state). With the EQ-5D the respondents
are asked about their HRQoL on the current day. The
responses of the EQ-5D descriptive system can be converted into utility indexes by means of an algorithm that
uses population-based (social) values. The utility index
corresponds to the estimate of value of health with a
score anchored between 0, corresponding to death, and
1, corresponding to perfect health. Utility indexes are
widely used in different disease areas and recommended
for the calculation of QALYs to be applied in economic
evaluations of health technologies [9].
Data analyses

Patients’ demographic, clinical characteristics at baseline
and their health state at enrollment and during followup were described using absolute and/or relative frequencies for the categorical variables, while continuous
variables such as age and some health status measures
(e.g. VAS, utility), were summarized by mean values
along with standard deviation (±SD) as dispersion
measures.
To proceed with the analyses, we decided to adopt the
Last Observation Carried Forward (LOCF) approach,
aimed at avoiding possible bias in favor of the SCS treatment (e.g. if only patients that benefited from this procedure remained in the study) due to missing follow-up
data of patients who did not continue the study due to
STP failure (hence they likely had no improvement), or
for other reasons during the observational period, were
managed using the [26]. In particular, for each patient
that did not continue the study until the scheduled end
of observational period, we carried forward to 24 months
the NRS, ODI, SF-36 and EQ-5D information available
from the last data available. On the database managed
with the LOCF approach we applied all the following
analyses.
Using the EQ-5D descriptive system we calculated
utility scores by means of an algorithm that uses
population-based (social) values estimated in Italy [27].
To reach objective 1, i.e. to compare HRQoL of the
patients with that of the corresponding general population, we used the reference EQ-5D-3 L data for the Italian general population [28]. Since the HRQoL data
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available from the general population were not longitudinal but cross sectional, to compare them with the longitudinal data from the patients we assumed that
HRQoL in the general population is overall constant.
We adopted multiple regression analyses, including
either the EQ-5D VAS or utility index as dependent continuous variables, and age, sex and education as
potential confounders (independent variables) widely
recognized in the scientific literature (e.g. [28]). In
particular, we applied 5 regression models for each
dependent variable, one per time period, each one including the same HRQoL data from the general population. The predictor of interest, to distinguish between
general population (reference) and patients, was introduced as a binary explanatory variable. The other independent variables were included to adjust the results for
age (linear variable), sex and education (categorical
variables). According to the distribution of the data, we
applied the linear regression analysis to the VAS, while
to the utility index we applied the Tobit model, which
accounts for ceiling effect [29, 30].
To estimate the relationship between pain intensity,
functional disability, and HRQoL during the overall observational period (objective 2) we adopted multilevel
random intercept regression linear analyses, known also
as “hierarchical model”. With these models we estimated
the adjusted association between HRQoL with NRS and
ODI across the time, i.e. taking into account for the repeated measures per participant, with level one of the
hierarchy being observations over time within a patient
and level two being the patient. Multilevel models have
been used to analyse longitudinal HRQoL data [31–33].
In particular we performed 4 regression models. In each
model we included one among the following as
dependent continuous variables: EQ-VAS, utility index,
SF-36 PCS and MCS scores. In every model we included
mean NRS and ODI index as independent continuous
variables of interest to find the association with HRQoL,
while age baseline HRQoL, time of data collection (continuous variables), sex, education, and previous surgery
(categorical variables) were all included as potential confounders. Again, we chose these independent variables
according to our large scientific and clinical experience
in the field of the Outcomes Research and FBSS.
To compare HRQoL scores and percentages for the
different time periods (objective 3), we calculated the
changes that each patient had between two subsequent
time periods (i.e. 6 months compared to recruitment,
12 months compared to 6 months, 18 months compared
to 12 months and 24 months compared to 18 months).
Then, we calculated and report the mean of the individual changes among all the patients and performed the
related parametric (paired Student’s) or non-parametric
(paired Wilcoxon signed rank) statistical tests,

Page 5 of 14

depending on type (continuous or ordinal) and distribution of data, which was assessed for normality using with
the Shapiro-Wilk test. Since we conducted multiple
comparisons, we adopted the Bonferroni correction to
test for the differences between each pair of tests [34].
For all tests, P-values < 0.05 (two-tailed tests) were
considered statistically significant and are reported together with and 95% confidence intervals where
appropriate.
All analyses were conducted using Stata SE 12 (Stata
Corp, Texas, US) software.

Results
A total of 80 valid patients were recruited in the study.
Description of patients’ socio-demographic and clinical
characteristics at baseline are specified in Table 1. After
a mean of 46 days from enrolment, the patients were
implanted with a lead and observed during the STP.
Eight patients (10%) had a negative test response. After
an average of 30 days from lead implantation, patients
with a positive test response were implanted with IPG.
During follow-up the IPG was replaced in 8 patients and
the lead was replaced twice in 1 patient, for dislocation.
As regards the occurrence, reason and amount of missing data, during follow-up 17 patients stopped to be observed because: 1 died for stroke and 1 died for
infarction, which are common events among people
aged on average 58 years, 5 had adverse events, 7 were
lost to follow-up for unknown reasons, and 2 had lost
therapeutic effect, while 1 withdrew the consent to
Table 1 Patients’ characteristics at study enrolment time
Description of characteristics

Mean(±SD) or frequency

Total number of patients

80

Age (mean ± SD years)

58 (±13)

Male (%)

32 (40%)

Education, (%)
Primary

39 (49%)

Lower secondary

27 (34%)

Upper secondary

12 (15%)

Graduate

1 (1%)

None

1 (1%)

Number of previous surgical interventions, n (%)
1

23 (33%)

2

31 (44%)

3

13 (19%)

4

3 (4%)

Information not available

10

Age (mean ± SD years) at pain onset

48 (±14)

Time (mean ± SD years) between pain onset
and recruitment

11 (±9)
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participate. The total number of participants were 67 at
6 months, 62 at 12 months, 58 at 18 and 55 at 24 months
of follow-up.
At baseline the patients reported on average high
levels of pain perception, low levels of ability function
and general HRQoL (Table 2). The mean and the maximum pain levels measured with the NRS were 7.6 and
9.2, respectively. High levels of pain were assessed also
with the SF-36 (bodily pain mean score = 21.2), with
the EQ-5D, showing that 65% of the patients reported
extreme pain or discomfort, and with the ODI, which
pain intensity levels 4 or 5 were reported by 37.5% of
the patients. Among the other aspects assessed with the
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ODI, we found that 47 to 70% of the patients reported
maximum levels of disability in standing, sexual function, social life, travelling and lifting, while 21 to 32%
of the patients had serious problem in sleeping, sitting and personal care. Consequently, the total ODI
score was high, with a mean value of 61.6. Similarly,
physical functioning, role-physical and consequently
the overall PCS of the SF-36 had the lowest mean
scores (23.3, 22.4 and 26.7, respectively), while 41.3%
of the patients reported inability to do usual activities
with the EQ-5D. Accordingly, the mean utility score
and EQ VAS were relatively low, i.e. 0.421 and 37.4,
respectively.

Table 2 Pain perception, disability and HRQoL changes during follow-up
Δ 6 m–0 m*

Δ 12 m–6 m*

Δ 18 m–12 m*

Δ 24 m–18 m*

9.2(±0.1)

-2.5c

0.3

−0.3

0.0

mean score (mean ± SD)

7.5(±0.2)

−2.6

0.2

−0.4

0.3

Pain intensity, (levels 4–5)

37.5%

−24.8c

2.5

−2.4

1.3

Personal care, (levels 4–5)

25.6%

−15.5

2.5

−1.1

− 1.3

lifting, (levels 4–5)

69.6%

−5.1

−1.3

14.8a

− 5.1

ability to walk, (levels 4–5)

32.5%

− 3.4

− 12.7

4.1

1.3

ability to sit, (levels 4–5)

25.3%

−8.9

−6.3

0.1

2.6

ability to stand, (levels 4–5)

46.8%

−17.7

− 1.3

6.8

3.8

sleep quality, (levels 4–5)

21.3%

−8.6a

− 1.3

1.4

0.0

Domains and indexes
NRS

maximum score (mean ± SD)

ODI

SF-36

a

b

49.3%

−10.1

−6.8

− 0.9

0.0

57.5%

−27.1c

−2.5

−4.8

−1.3

ability to travel, (levels 4–5)

60.0%

−25.8c

−1.3

− 0.9

2.6

total score (mean ± SD)

61.6 (±15.0)

−16.0c

− 0.1

−2.5

− 0.6

physical functioning (mean ± SD)

23.2 (±15.8)

14.3c

0.4

−0.5

−2.6a

22.4 (±33.1)

a

1.1

−1.1

−4.3

c

11.4

bodily pain (mean ± SD)

21.2 (±14.1)

21.4

−0.6

0.0

−0.6

social functioning (mean ± SD)

31.3 (±18.8)

18.2c

−1.4

2.4

−1.9

a

role-emotional (mean ± SD)

29.4 (±36.5)

14.8

− 2.7

6.1

− 4.7

mental health (mean ± SD)

42.8 (±19.8)

8.0b

−1.0

2.7

−3.4a

energy/vitality (mean ± SD)

30.5 (±17.5)

10.8c

−2.7

1.8

−0.5

general health (mean ± SD)

33.2 (±13.3)

3.8a

0.4

1.3

− 2.0

PCS (mean ± SD)

26.7 (±6.2)

5.8c

0.3

−0.7

−0.6

MCS (mean ± SD)

35.8 (±9.9)

4.9b

−1.3

2.2

−1.4

Mobility, (extreme problems)

16.3%

−5.0

−2.5

−1.3

0.0

Self-care, (extreme problems)

10.0%

−3.8

1.3

−3.8

0.0

Usual activities, (extreme problems)

41.3%

b

−20.0

2.5

−3.8

1.3

Pain/Discomfort, (extreme problems)

65.0%

−37.5c

0.0

0.0

1.3

Utility index (mean ± SD)
VAS (mean ± SD)
b

a

sexual function, (levels 4–5)

Anxiety/Depression, (extreme problems)

a

c

social life, (levels 4–5)

role-physical (mean ± SD)

EQ-5D

Baseline

c

25.0%

−1.3

−3.8

−2.5

0.0

0.421 ± 0.303

0.174c

0.021

0.025

−0.011

37.4 ± 2.4

18.6c

−1.0

3.3

−0.9

p < 0.05, p < 0.01, p < 0.001. P-values were corrected with Bonferroni’s method
*
On NRS, ODI and EQ-5D profile domains, a negative change (Δ) indicates improvement, a positive change indicates worsening, on SF-36 single and summary
domains, on the EQ-5D utility index and VAS a positive change (Δ) indicates improvement, a negative change indicates worsening
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The patients had a significant impaired HRQoL
compared to the Italian general population of the
same age, sex and education (Table 3): the estimated
EQ VAS and the utility scores at baseline were on
average 37.392 and 0.506 less, respectively, among the
patients than in the general population with the same
characteristics specified.
The results of the multilevel regression model (Table 4)
show that the during the full observational period, on
average patients with higher levels of pain (NRS) and of
disability (ODI) had worse levels of HRQoL (EQ-5D
VAS and utility index, SF-36 PCS and MCS scores), on
adjusting for the possible confounders specified in the
table. This negative association was statistical significant
in every parameter. Figure 2 shows the trends during
follow up of main scores measuring pain (a), disability
(b) and HRQoL assessed with the EQ-5D [5] and SE-36
(d). Generally, the curves similarly decreased (pain and
disability) or increased (HRQoL) steeper during the first
6 months and slower in the following period, although
this trend was lighter for SF-PCS and SF-MCS scores.
To see detailed results about this trend Table 2 shows
the changes in each domain between 2 time periods
(6 months versus enrolment, 12 versus 6 months, 18
versus 12 months and 24 versus 18 months). In particular, the mean or percentage changes estimated for the
time between enrollment and the following 6 months,
corresponds always to an improvement after the intervention, as shown by the signs of the differences in each
domain or index, which improvement is often statistically significant. Furthermore, some changes estimated
6 months after the SCS intervention probably reach
also a minimum clinically important difference
(MCID): the authors of a recent study [35], report
that in patients with FBSS, the estimated MCID was
2.2 and 2.7 for the low back and the leg NRS, respectively (we estimated a mean change of 2.6, which
could include pain perception in both areas), 9 for
the ODI total score (we estimated a mean change of
16), 10.2 and 4.0 for the SF-36 PCS and MCS (we
obtained 5.8 for the PCS, and 4.9 for MCS). As
regards the EQ-5D utility index, of which we estimated an average difference of 0.174, a MCID of approximately 0.08 [36] and 0.17 [37] has been
proposed for the treatment of low back pain.
Instead, the changes estimated in the following periods
of follow-up were minimal and generally not statistically
significant. The improvements found among the patients
are visible in the comparison with the general population (Table 4), although they did not reach the mean
levels of HRQoL of the corresponding general population: the difference of the mean EQ VAS and the utility
levels between patients and the general population decreased from − 37.392 and − 0.506 at baseline to − 17.
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568 and − 0.268 at 24 months, respectively, keeping a
statistical significant difference of p < 0.0001.

Discussion
With the PRECISE study we obtain in a real-world context, involving a relatively high number of patients, a detailed picture of health progression in patients with
FBSS refractory to CMM and treated with SCS added to
CMM. The benefits reached by the participants, combined with the economic results previously published
[13], show that the SCS is an effective and valuable treatment strategy in this category of patients. Past research
confirms that SCS treatment is effective in pain relief,
improves HRQoL and disability in patients that are refractory to CMM [1, 5, 11, 17, 23, 38]. Furthermore, the
results of the systematic literature review published few
months ago by Cho et al. [39] on treatment outcomes
for patients with FBSS, show that the spinal cord stimulation and the epidural adhesiolysis could be effective to
control chronic pain due to FBSS, while other treatment
options specified in the review show poor or inconclusive evidence. However, the authors specify that the results of the review are however not very strong, and
cost-effectiveness results could help to clarify the value
of the different treatment options available for FBSS. In
their systematic review, [40] conclude that the costeffectiveness of SCS is still unclear and evidence for SCS
role in FBSS is controversial. To note, both Cho et al.
and Warszak et al., [39, 40] exclude from their review,
for not clear reasons, the results of some studies, including the cost-effective and the cost-utility analysis we
published in 2015 [13], which could have influenced
their conclusion [41]. In other recent literature reviews
[42, 43], the authors conclude that evidence exists for
SCS as a safe, effective and efficient treatment for several
chronic pain conditions. Although most of the higherquality evidence is relatively short-term, clinical experience with the durability of treatment benefit of SCS in
these patients is promising.
Our results show that, at enrolment the patients had
serious impairment in terms of pain perception, in functional disability and related aspects, and in HRQoL at a
whole, which was significantly lower than the HRQoL
assessed in the corresponding general population. During the follow-up period, pain and functional disability
measured with the condition-specific instruments NRS
and ODI, respectively, significantly related with HRQoL
assessed with the EQ-5D and the SF-36. After only
6 months from SCS intervention, an improvement of
health was found in every domain of every instrument
used, which was generally statistically significant. According to the findings of past research, we can consider
these improvements probably clinically relevant: in their
recent study, Park et al., [35] report that in patients with
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confidence intervals and the p values estimated for each independent variable analysed with the dependent variables EQ-VAS or EQ-utility index. Positive regression coefficients indicate a direct
association and negative regression coefficients indicate an inverse association between the dependent variables and the independent variables. 95% Confidence intervals and p values indicate the level
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Table 3 Comparison of HRQoL between patients and general population
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The column on the left lists the independent variables introduced in the regression models, and the intercept and the random component of the model. The other columns show the regression coefficients and the
standard deviations of the random intercept and random residuals, the 95% confidence intervals and the p values estimated for each independent variable analysed with the dependent variables EQ-utility index,
EQ-VAS, SF-PCS and SF-MCS. Positive regression coefficients indicate a direct association, and negative regression coefficients indicate an inverse association between the dependent variables and the independent
variables. Confidence intervals and p values indicate the level of significance of the regression coefficients
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Table 4 Adjusted relationship of pain (mean NRS) and functional disability (ODI) with HRQoL paramenters (EQ-utility, EQ-VAS, SF-PCS, SF-MCS) during follow-up
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Fig. 2 Trends of main outcome measures. Trends during 24 months of follow up, i.e. at enrollment, at 6 m, 12 m, 18 m and 24 m post-SCS, of
mean and maximum pain score measured with NRS (a), of disability score measured with ODI (b), of HRQoL assessed with EQ-utility index and
VAS (c) and with the SF-36 PCS and MCS scores (d)

FBSS, the estimated MCID was 2.2 and 2.7 for the low
back and the leg NRS, respectively, which is very close
to our estimated mean change of 2.6 (which includes
both leg and back pain); they estimated a MCID of 9 for
the ODI total score, which is even lower to our estimate
of 16; furthermore, they estimated a MCID of 10.2 and
4.0 for the SF-36 PCS and MCS, respectively, while we
obtained 5.8 for the PCS, and 4.9 for MCS. As regards
the EQ-5D utility index, of which we estimated an average difference of 0.174, a MCID of approximately 0.08
[36] and 0.17 [37] has been proposed for the treatment
of low back pain in other works. In the periods following
the first 6 months from SCS, the estimated mean
changes of pain, functional ability and HRQOL decreased and were generally not statistically significant.
Furthermore, although the improvements are visible, the
patients approached to but did not reach the mean
HRQoL levels of the general population.
Our interpretation of these results is that the main advantages of the SCS intervention were reached and perceived already in the following few months, and
afterwards it generally remained stable. Our results are
quite similar to those of the previous PROCESS randomized clinical trial [10, 11, 23, 31, 44], which showed correlation between the different parameters of health
considered, and a significant improvement already after
the first month of treatment with SCS + CMM, in comparison with the effects of a control group treated with

only CMM. However, while the PROCESS study reported promising results until 24 months of treatment
with SCS + CMM, although based on slight improvements, our results show that in several domains, the sign
of the change estimates after the first 6 months from
SCS, was opposite to the expected one, but not significant, above all in the final follow-up period, from 18 to
24 months. The current unavailability of data on a
follow-up period longer than 24 months makes it impossible to confirm and clarify these observations, but some
possible explanations can be given. First, the LOCF approach adopted to manage the missing data from the
time the patients were lost from observation (25 patients, 31% of the study sample), could bias our results
in a pessimistic direction, which is a potential limitation
in our study: namely, to each patients that was lost from
observation, including those who did not respond positively to the STP (10%), we used the last data observed
as applicable in the remaining follow-up period, assuming but not being certain that no change occurred in
his/her health. Accordingly, an underestimate of improvements may be present in our results compared to
those from the PROCESS clinical trial, in which only the
data of the patients who remained observed for the full
observational period were analysed.
A second potential limitation could be that no control
group was available in this study, due to that it was performed in a real-world context. Actually, we do not have
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reasons to doubt about the validity of our results, since
previous research demonstrated the benefits of SCS in
pain relief, HRQoL and disability in patients that are refractory to CMM [1, 10, 11, 17, 23, 38, 45]. In particular,
the PROCESS study [10] was a parallel-arm RCT demonstrating similar benefits of SCS in patients similar to
those involved in the PRECISE study. To notice, because
of the high effectiveness registered in the CMM + SCS
compared to the CMM arm, for ethical reasons, after six
months of follow-up the patients had the opportunity to
crossover to the CMM + SCS option [11, 23, 45].
A further potential limitation could be the possible
low statistical power of the regression analyses due to a
small study sample, especially the multilevel analyses
conducted on our data. The sample size for the present
study was decided according to a clinical effectiveness
parameter (pain recovery) and according to the expected
availability of participants. Although we did not decide
the sample size necessary for the multilevel analyses,
these were conducted consistently with those applied in
the PROCESS study [44], in which data of two parallel
arms of 50 patients each were analysed, while in our
study all the 80 participants were recruited to be treated
with CMM + SCS. Furthermore, in the model we introduced independent variables that we recognized for their
potential clinical relevance to find reliable results. The
results obtained with the different instruments were generally consistent, as every domain of every instrument
shows a greater improvement in the first six months and
an apparent stable trend in the following periods. However, the type of information provided by each instrument, and probably by apparently similar domains in the
different instruments (e.g. pain, ability to walk, ability to
do usual activities, mental health) is different and can
have different levels of responsiveness. The literature
provides with several works published in the past years
[46, 47], underlining the importance of considering overall HRQoL in addition to pain perception in patients
with neuropathic pain, to better understand and
optimize treatment decisions, hence the importance of
using more instruments to assess health in these patients. In recognizing this and similarly to previous research [48–52], in the PRECISE study we used a battery
of both generic (SF-36 and EQ-5D) and conditionspecific (NRS and ODI) instruments. The NRS, a single
index focusing on the perception of pain, and the ODI,
one of most frequently used instruments to assess functional ability in the area of spine surgery [49], are generally adopted in the Italian clinical practice. From past
experience in other disease areas, the SF-36 and EQ-5D
used together have generally provided quite similar
results [53–56]. More specifically, in spine surgery the
SF-36 has been found as the third most frequently used
instruments, after the pain VAS and the ODI [49]. In
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addition, the EQ-5D has been shown to be the most frequently used preference-based measure (hence suitable
for QALY calculations to conduct economic evaluations)
in the area of low back pain [48], showing good levels of
validity and responsiveness in this category of individuals. Of note, in 32 out of the 37 studies included in the
review by Finch and colleagues, [48], the EQ-5D was
used together with other instruments, and in particular,
in 16 studies it was used with the SF-36 or the SF-12.
The use of more instruments to assess health in patients
with chronic pain is justified and promoted by different
authors. For instance, Carreon and colleagues, [50] conclude that HRQoL assessed with the EQ-5D cannot be
accurately estimated from the ODI or the NRS in patient
with lumbar degenerative disorders. Other researchers
[51] affirm that for patients with low back pain, although
the EQ-5D index can be capable of indicating clinically
important changes, it can also be less responsive than instruments specific to pain measurement, because of its
more limited gradation of severity and its multidimensionality. From the results of a literature review conducted through 2010, Devine et al. [52] recommend to
use the following instruments for patients with chronic
low back pain undergoing spine surgery: pain VAS, ODI
and a short generic HRQoL instrument such as the SF12 or the EQ-5D, to minimize both clinician’s and patient’s burden.
Despite the presence of some domains that can be
considered overlapping (e.g. pain is present in all the
instruments used), the instruments used in the PRECISE study cannot be considered interchangeable or
in competition, rather they should be considered
complementary and together useful to take a
complete picture of patients’ health. On the other
hand, the practical use of all these instruments in
routine clinical practice can be too burdensome or
even not possible, as underlined also in other disease
areas [53]. Hence, we recognize the necessity of
choosing an efficient battery of questionnaires, together with the clinical instruments, for a complete
assessment of patients’ health. In particular, in order
to be able to calculate QALYs for the conduction of
cost-utility analyses to be used in Health Technology
Assessment, we recommend the use of preferencebased instrument, like the EQ-5D. If a higher sensitivity and precision is required to assess the general
HRQoL in the target population, the recently introduced EQ-5D-5 L, which compared with the original
EQ-5D-3 L contains two additional levels per domain, has shown to be a valid and well accepted instrument in the general population and in different
disease areas [28, 57, 58], and could improve the reliability and the level of information obtained with the
data collected.
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Conclusion
The PRECISE study is novel in providing insights on the
benefits patients can achieve in a real-world uncontrolled setting. The results obtained suggest that treatment with SCS + CMM of patients with FBSS refractory
to CMM and characteristics similar to those who participated in this study, can provide clinically relevant improvement in terms of pain perception, functional ability
and HRQoL as a whole. In practice, the present results,
together with those on the value for money of SCS [13]
can help decision makers to arrive at more informed
and appropriate decisions aimed to optimize the management of FBSS patients not responding to CMM. In
addition, a routine collection of HRQoL data and related
parameters can be very useful to conduct informed and
appropriate decisions on treatment. For this reason, the
selection of an efficient combination of both generic
and condition-specific instruments is crucial to obtain
complete information without a too burdensome data
collection process. In particular, we suggest the NRS,
the ODI and the EQ-5D as an appropriate combination of instruments to be used to assess health in
patients like those involved in the PRECISE study.
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