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Abstract: Spinal cord stimulation (SCS) is a recommended therapy to treat failed back surgery syn-

drome (FBSS). A trial period is practiced to enhance patient selection. However, its fundamental evi-

dence is limited, especially concerning long-term benefit and therapy safety. We compared the long-

term (5.3 § 4.0 years) clinical outcome and therapy safety of a trialed and nontrialed implantation

strategy, including multidimensional variables and pain intensity fluctuations over time. A multicen-

ter cohort analysis was performed in 2 comparable groups of FBSS patients. Regarding eligibility,

patients had to be treated with SCS for at least 3 months. While the Trial group comprised patients

who underwent an SCS implantation after a successful trial, the No-Trial group encompassed patients

who underwent complete implantation within 1 session. The primary outcome measures were pain

intensity scores and complications. The Trial and No-Trial groups consisted of 194 and 376 patients

(N = 570), respectively. A statistically but not clinically significant difference in pain intensity

(P = .003; effect = 0.506 (.172−.839)) was found in favor of the Trial group. No interaction between a

time dependency effect and pain intensity was noted. Whereas trialed SCS patients were more likely

to cease opioid usage (P = .003; OR = .509 (.326−.792)), patients in the No-Trial group endured fewer

infections (P = .006; proportion difference = .43 (.007−.083)). Although the clinical relevance of our

findings should be proven in future studies, this long-term real-world data study indicates that

patient-centered assessments on whether an SCS trial should be performed have to be investigated.

According to the current ambiguous evidence, SCS trials should be considered on a case-by-case basis.
Perspective: The currently available comparative evidence, together with our results, remains

ambiguous on which SCS implantation strategy might be deemed superior. An SCS trial should be

considered on a case-by-case basis, for which further investigation of its clinical utility in certain

patient populations or character traits is warranted.
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F
ailed Back Surgery Syndrome (FBSS), for which
“chronic pain after spinal surgery”35 and "persis-
tent spinal pain syndrome"8 have been recently

proposed as novel terminologies, is a refractory chronic
pain syndrome which emerges after spinal surgery,40 in
about 30% of the cases.18 Combined with conservative
treatment strategies (eg, physical therapy, psychological
rehabilitative care, and cognitive behavioral therapy),
FBSS patients tend to use various types of medication,
including opioids and antineuropathics.2,11 Besides, spi-
nal cord stimulation (SCS) is recommended as a symp-
tomatic treatment.20,21

The SCS device system consists of an electrode
implanted into the epidural space and an implantable
pulse generator (IPG). Commonly, as recommended by
national and international clinical guidelines, as well as
health insurers’ reimbursement criteria, patients must
undergo an SCS trial period with an external IPG.10,28

Regarding the electrode being used, the physician could
either utilize a temporary or permanent electrode, of
which the manner will be replaced by another electrode
if the trial is deemed successful. Both strategies hold
their pros and cons.19 Although the duration of the trial
usually varies between 5 days and several weeks,5 the
optimal duration has not been determined since trial
periods range from minutes4 to even 65 days.26 When
the patient’s pain relief is adequate (ie, ≥50% on the
visual analogue scale [VAS]), and if the patient is willing
to proceed to permanent implantation, the SCS trial is
considered successful, after which the SCS system will be
fully internalized during a second session. In contrast
with this biphasic procedure, in some situations (eg,
high perioperative risk due to comorbidity), the elec-
trode and IPG are completely internalized within one
session (ie, the nontrialed implantation strategy).
Trialing affords the opportunity to assess the possible

therapeutic effect and concomitant side-effects (eg,
unpleasant paresthesia) before committing to perma-
nent implantation.10 In other words, SCS trials are con-
sidered to enhance patient selection. However,
disadvantages of a trialed SCS implantation have also
been reported. The study of Oakley et al.31 demon-
strated that SCS trials could be a false-negative predic-
tor. As part of a larger study, 12 patients who failed
their SCS trial (ie, defined as < 50% pain relief) were still
implanted with a permanent SCS system, after approval
by the patients and the ethics committee. At various fol-
low-up moments, up to 18 months, some patients expe-
rienced ≥ 50% pain relief. Furthermore, the trial
duration has been found to be positively correlated to
the infection risk30 and patients are exposed twice to
risks associated with hospital admission and surgery.13 It
should also be noted that patients are mostly trialed
with only 1 SCS waveform due to the limited time span
of an SCS trial, despite the increasing availability of dif-
ferent SCS stimulation paradigms with their individual
efficacy and implantation indications. Therefore,
trialing patients with multiple waveforms might
become highly relevant.3 Although SCS relieves pain in
a cost-effective way,29 SCS trials may raise healthcare
costs in some cases or could even exceed cost-effective-
ness14 due to a higher infection rate, repeated surgery,
and potential second trials if patients are reconsidered
to undergo SCS therapy.12,34

The overall evidence for the use of SCS trials is incom-
plete. Recently, the first randomized controlled study
reported that SCS trials might exhibit some diagnostic
utility despite no patient outcome benefit.14 Although
these findings are an important step forward, the
observed complications were solely reported through
descriptive statistics, and the studied cohort comprised
heterogenous neuropathic pain conditions. The latter
was considered a strength of the study as it reflected
the current clinical practice. However, similar evidence
in the type of patients most often considered for SCS
(ie, FBSS patients) is lacking. Likewise, long-term out-
comes concerning a trialed versus a nontrialed SCS
implantation have not been reported. Therefore, by
assessing both SCS implantation strategies in a large
homogeneous cohort of FBSS patients, we aimed to
compare their long-term clinical outcome and therapy
safety multidimensionally, including any fluctuations in
pain intensity.
Methods

Study Population
All medical records of adult patients (≥ 18 years) who

received SCS therapy to treat FBSS in 2 collaborating
hospitals (ie, Radboud University Medical Center and
the Sint Maartenskliniek) were reviewed manually by 2
researchers independently (R.W. and E. K.), after
retrieval of written informed consent. Ethical approval
for conducting this study was waived by the medical
research ethics committee (CMO RadboudUMC; file
number: 2020-6194). Regarding inclusion, the minimal
treatment duration with a percutaneous cylindrical SCS
electrode was 3 months in order to have sufficient data
available for each patient and to diminish the effect of
dynamic changes to the stimulation parameters during
the early postoperative period, especially since the non-
trialed patients also required time to become used to
the SCS system. Patients were excluded if they suffered
from psychiatric health conditions (eg, depression) or
coexisting chronic pain syndromes as those were
believed to interfere with the patient’s pain sensation
and hence, their reported pain intensity scores regard-
ing SCS outcomes. Another exclusion criterium was the
absence of a baseline pain intensity score. Two groups
were identified. Whereas the Trial group comprised
patients who underwent an SCS implantation during a
second session after a successful trial period of 2 weeks,
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the No-Trial group consisted of patients who had their
SCS system completely implanted within one session.
SCS Implantation Strategies as Practiced
in Both Hospitals

Trialed Implantation

Patients included in the Trial group received a perma-
nent trial electrode during the first session if the
approximate on-table paresthesia coverage was at least
80% during tonic stimulation (ie, as experienced by the
patient), together with no concomitant undesirable
side-paresthesias. All electrodes were placed percutane-
ously and connected to an external IPG. Subsequently,
patients underwent a trial period that lasted for 2
weeks. An SCS trial was considered to be successful if
the patient was willing to proceed to permanent
implantation and if the patient’s pain relief was ≥ 50%
based on the mean VAS, measured through a digital
pain diary which was required to be filled in 3 times a
day during the last 4 days. During a second session, the
external IPG was replaced by the definitive IPG, which
was implanted subcutaneously in the inferior abdomi-
nal or gluteal region.
Nontrialed Implantation

In the No-Trial group, all patients received a complete
percutaneously implanted SCS system within one session
if the approximate on-table paresthesia coverage with
tonic stimulation was at least 80% and no uncomfort-
able concomitant side-paresthesias were noted.
Almost all nontrialed implantation patients were

treated at the same of both contributing hospitals.
Within the corresponding hospital, the standard care
practice provided the nontrialed implantation strategy.
Barely any patient-specific indications to practice the
nontrialed strategy were present. For example, a few
patients received this type of implantation as they
developed an infection during a successful SCS trial ear-
lier, which led to the removal of the entire SCS system.
Data Retrieval
Data were collected between June 2020 and February

2021. Patient characteristics were collected from before
SCS implantation. The retrospectively gathered VAS
scores were disclosed through a digital pain diary that
had to be filled in 3 times a day on 4 consecutive days
prior to each follow-up visit. In order to determine a
multidimensional outcome of the SCS implantation
strategies, multiple questionnaires were used, including
the 36-Item Short Form Health Survey (SF-36),1 the Pain
Catastrophizing Scale (PCS),38 the Hospital Anxiety
and Depression Scale (HADS)37 and the McGill Pain
Questionnaire Dutch Language Version (MPQ-DLV
questionnaire).42,43 The measurements regarding pain
intensity and questionnaires were collected during
intake (ie, baseline) and follow-up (ie, 1, 3, 6, 12 months
and each consecutive year). Opioid usage was
determined as a binary variable prior to SCS implanta-
tion and during the last follow-up moment. All data
except the complications were extracted from a previ-
ous prospectively registered database, after which the
data was verified during the manual medical record
reviewing process. The already existing database was
previously filled automatically through online patient
reported outcome measure files, meaning no interpre-
tation bias could have been present. Concerning the
complications, a predefined classification was estab-
lished through multidisciplinary sessions of both hospi-
tals. A nurse practitioner and physician verified all
retrospectively retrieved complications.
Statistical Assessment
The primary outcome measures were the influence

and clinical relevance of the type of implantation strat-
egy on the pain intensity scores and number of compli-
cations. Secondary outcome measures comprised the
statistical correlations between each implantation strat-
egy and quality of life, the questionnaire data and the
probability of ceasing opioids. To allow for the analyses
of repeated pain intensity scores in a patient within 1
comprehensive analysis, we applied a longitudinal mul-
tilevel linear regression analysis. The regression model
included the time of measurement (categorical <1 year;
1−3 years; >3 years), implantation strategy, gender,
age, height, and body mass index (BMI). Whether a
patient used opioids before implantation and their
number of previous back surgeries were comprised as
independent variables. The model was extended with
an interaction term between the time variables and the
implantation strategy. Hence, within a singular model,
the effect of the implantation strategy on multiple
moments in time and their potentially reciprocal inter-
actions could be estimated. Complications were delin-
eated and both the differences in proportions as
statistical significance between both groups were deter-
mined using the Agresti-Caffo method. The influence of
the type of implantation strategy on the probability of
ceasing opioid usage, together with the independent
variables gender, age, height, and BMI, was determined
through a logistic regression analysis.

In terms of the questionnaire data, a Quality of Life
Index (QLI) was determined using the MPQ-DLV ques-
tionnaire.43 Using data from 1-year and 3-years follow-
up separately, multiple linear regressions adhering to
the last observation carried forward method were per-
formed to test for significant influence of the same
explanatory variables as within the pain intensity score
analysis, except for the time of measurement. All statis-
tical tests were 2-sided and significance was assumed
when P < .05. The statistical assessments were per-
formed through SPSS (IBM Corp (2017). IBM SPSS Statis-
tics for Windows, Version 25.0. Armonk, NY: IBM Corp.),
and R (R Core Team (2019). R: A language and environ-
ment for statistical computing, Version 3.6.2. Austria,
Vienna: R Foundation for Statistical Computing). Litera-
ture was managed by means of EndNote (Clarivate Ana-
lytics. Released 2019. EndNote X9.2 for Windows.).



Table 2. Longitudinal Multilevel Linear Regres-
sion for Relation Between Explanatory Varia-
bles and Pain Intensity Scores, as Measured
Over Time (N = 570; Number of Measure-
ments = 4048)

EFFECT (95%-CI) P-VALUETAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARATBODY

No-Trial (reference is “Trial”) .506 (.172 to .839) .003

Time: 1-3 years (reference

is “<1 year”)

.749 (.596 to .901) <.001

Time: >3 years (reference

is “<1 year”)

1.137 (.989 to 1.281) <.001

Gender (reference is “Female”) .078 (-.361 to .518) .727

Age (years) .004 (-.012 to .019) .664

Height (cm) -.009 (-.033 to .014) .423

BMI (kg/m2) -.029 (-.064 to .007) .119

Opioid usage at baseline .270 (-.060 to .599) .109

The bold values are the significant values (significance was assumed when
P <0.005).
Abbreviation: BMI, body mass index.
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Results
A total of 570 patients were included. The Trial and

No-Trial groups consisted of 194 and 376 patients,
respectively. The corresponding patient demographics
are depicted in Table 1. The vast majority of the patients
received tonic stimulation, but burst and high-density
SCS were also practiced. Implantations were performed
from 1998 until 2020. Some data concerning the num-
ber of previous back surgeries were missing (Trial: 34/
194; No-Trial: 72/376). Therefore, all analyses were per-
formed twice (ie, both with inclusion and exclusion of
the variable “number of previous back surgeries”). Since
the output in terms of significance did not differ, only
the models without the number of previous back sur-
geries are presented.
In the analysis of the pain intensity scores over time,

the interaction between implantation strategy and time
did not significantly improve the model. Therefore, any
differences in pain intensity between the groups may
solely be accredited to the type of implantation strategy
used, and only the results from the model without inter-
action are presented. The Trial group was found to be
superior to the No-Trial group, as a lower pain intensity
was reported (P = .003; effect = .506 (.172−.839))
(Table 2). Hence, a significantly higher post-implanta-
tion pain intensity score in the No-Trial group of .506 on
the VAS was found. However, this difference was
deemed not clinically meaningful as the minimal clini-
cally important difference of the VAS in low back pain
patients has been reported to be 1.5 points32 or even
1.9 points in chronic low back pain patients.15 Com-
pared to the initial therapeutic effect, pain intensity
scores increased over time in both groups. Whereas the
increase on the VAS was .749 regarding mid-term fol-
low-up (P < .001), the pain intensified by 1.137 VAS
points at long-term follow-up (P < .001), both as com-
pared to pain intensity scores measured in the first year
after the SCS implantation (ie, short-term follow-up).
No statistically significant contributions caused by the
patient’s age, height, BMI and gender were found.
The numbers of complications are shown in Table 3.

A significant difference favoring the No-Trial group was
Table 1. Patient Demographics at Implantation

TRIAL NO-TRIAL TAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARATBODY

Male : Female (N = 280 : 290) 104 : 90

(53.6% male)

176 : 200

(46.8% male)

Age (years) 54.0 § 10.4 53.9 § 10.6

Height (cm) 173.6 § 9.5 173.8 § 9.6

BMI (kg/m2) 27.3 § 4.6 27.3 § 4.3

Follow-up duration (years) 5.2 § 4.2 5.3 § 3.9

Number of previous

back surgeries*

2.0 § 1.1y 2.2 § 1.6y

Number of opioid users

(N = 360; 63.2%)

138 (71.1%) 222 (59.0%)

Abbreviation: BMI, body mass index. the Trial and No-Trial group included 194
and 376 patients, respectively.
*Only back surgeries preceding SCS implantation were included.
yThirty-four and 72 patients were missing regarding the Trial and No-Trial
group, respectively.
found regarding the number of infections (P = .006; pro-
portion difference = .43 (.007−.083)). All infections were
confirmed by a positive microbiological culture test. No
significant differences were demonstrated concerning
electrode migration, electrode failure (ie, defect con-
tacts, electrode breakage or disconnection), pain result-
ing from implanted material (eg, IPG suppressing
adjacent costae during movement), hematomas, dural
punctures, and number of explantations. No neurologi-
cal complications were observed.
In terms of analgesics, trialed SCS implantations were

shown to enhance the statistical probability of a particu-
lar patient to cease opioid usage (Table 4). This proba-
bility was significant in the overall cohort of patients
who used opioids preimplantation (n = 360; (P = .003;
OR = .509 (.326−.792)) as when the number of previous
back surgeries was encompassed (n = 310; P = .038). It
must be noted that patients were not required to dis-
continue opioid use before SCS implantation in both
hospitals, however, they were encouraged to do so.
From 3 months follow-up onwards, each patient was
further stimulated to fully taper opioid usage. Further-
more, a patient’s height was also positively related to
the probability of weaning off their opioids (P = .033
and P = .030, respectively). No explanatory relationship
could be hypothesized.
Since the questionnaires were incorporated into our

follow-up trajectory 4 years ago, long-term data were
unavailable. In line with this, the included patients per
analysis varied from approximately 30 to 90 patients.
Whether the Trial group or the No-Trial group was sig-
nificantly superior for each questionnaire outcome has
been summarized in Table 5. Although barely any dif-
ferences were observed between the 2 groups, the Trial
group showed to be superior across the general health
subscale and all pain rating indices of the MPQ-DLV
questionnaire at one-year follow-up. These differences
disappeared at 3-year follow-up. Regarding the same
explanatory variables as used within the other analyses,
patients who used opioids before implantation



Table 3. Number of Complications

TRIAL NO-TRIAL TAGGEDAPTARAEND DIFFERENCE IN PROPORTIONS (95%-CI)TAGGEDAPTARAEND P-VALUE TAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARATBODY

Infection (N = 19) 12 7 .43 (0.007−.083) .006

Electrode migration (N = 53) 15 (n = 12/194) 38 (n = 37/376) -.037 (-.080 to .012) .140

Electrode failure (N = 67) 29 (n = 25/194) 38 (n = 32/376) .044 (-0.010 to .101) .099

Pain due to implants (N = 84) 23 (n = 20/194) 61 (n = 45/376) -.017 (-.069 to .040) .555

Hematoma (N = 5) 1 4 -.005 (-.021 to .015) .506

Dural puncture (N = 7) 3 4 .005 (-.016 to .030) .620

Explantation (N = 22) 7 15 -.004 (-.036 to .033) .823

The bold values are the significant values (significance was assumed when P <0.005).
Legend: The Trial and No-Trial group included 194 and 376 patients, respectively. Some patients endured the same complication more than once. Hence, the number
of patients is depicted next to amount of complications occurred if this was the case. The difference in proportions and p-values are based on the number of patients
instead of number of complications.
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reported inferior physical role functioning scores and
QLIs but were more positive regarding their overall sub-
jective pain index at 1-year follow-up. Lastly, patients
with a greater BMI were more likely to rate their pain
indices more negatively at 3-year follow-up.
Discussion
In terms of pain relief, our findings show that the tri-

aled SCS implantation strategy is statistically superior,
though not clinically meaningful. This finding was not
significantly influenced by a potential time dependency
effect. Furthermore, patients who underwent a screen-
ing trial prior to SCS implantation showed a higher rate
of discontinuation of opioids after permanent implanta-
tion. Regarding therapy safety, the number of infec-
tions was significantly lower in the No-Trial group.
The first randomized controlled study comparing a tri-

aled and a nontrialed implantation strategy reported
that an SCS trial affords no patient outcome benefit,
and neither does it enhance cost-effectiveness.14 No sta-
tistical differences were found at their longest follow-
up (ie, 6 months), independent of whether imputation
or exploratory interaction analyses were incorporated.14

Even though the current study showed statistical superi-
ority concerning the trialed implantation strategy in
terms of pain relief, the reported change of 0.506 VAS
points was deemed not clinically meaningful. Hence,
this finding complements the statement by Eldabe et al
that an SCS trial might not hold patient outcome bene-
fit, at least in terms of pain relief, particularly as this
study comprised a large cohort of homogeneous
Table 4. Logistic Regression Analysis for Rela-
tion Between Explanatory Variables and Ceas-
ing Opioids (n = 360; Trial: 138, No-Trial: 222)

OR (95%-CI) P-VALUETAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARATBODY

No-Trial (reference is “Trial”) .509 (.326−.792) .003

Gender (reference is “Female”) 1.119 (.604−2.072) .720

Age (years) 1.006 (.984−1.028) .614

Height (cm) 1.037 (1.003−1.072) .033

BMI (kg/m2) 1.036 (.985−1.091) .171

The bold values are the significant values (significance was assumed when P
<0.005).
Abbreviation: BMI, body mass index.
patients and encompassed long-term outcomes.
Another contributing factor within the study of Eldabe
et al that indirectly strengthens their statement is that
their patients who did not undergo an SCS trial endured
pain significantly longer, which is a negative outcome
predictor according to a univariate meta-regression
analysis.39 Additionally, as we were unable to incorpo-
rate any failed SCS trial patients, such a preselection
might have benefited the results of the Trial group
slightly. Besides, the current study elaborated on medi-
cation intake and showed that trialed SCS implantation
patients are more likely to cease opioid usage. To the
authors’ knowledge, no other study addressed this sub-
ject by comparing the 2 implantation strategies. Within
the study of Eldabe et al, only 4 patients managed to
cease their analgesic intake, but no intergroup differ-
ence was determined. Currently, we are not aware of a
clarification for the positive correlation between trialed
implantations and discontinuation of medication
intake. However, this might be a clinically relevant dif-
ference as decreased medication usage leads to fewer
concomitant side effects. Furthermore, subsequent
reported pain intensity scores are the result of merely
the SCS treatment and will not be influenced by the
antinociceptive effects of drugs.

Another unexplored uncertainty within the literature
should also be noted. Since the optimal SCS trial dura-
tion has not been determined, we might not be looking
at ‘the best case scenario results’. Despite that all our
patients underwent the same trial period duration (ie, 2
weeks), results might alter when other trialing dura-
tions or strategies are adhered to. Within the random-
ized controlled trial, the median trial duration was
7 days (range: 5−22; mean: 9.3) and possibly varied
across the 3 contributing clinics. No motivation was
given concerning the inter-patient trial duration differ-
ences. It may be hypothesized that when patients pro-
ceed to definitive implantation exclusively based on
whether they meet the requirements in terms of treat-
ment outcome, independent of time, such as a prede-
fined minimum trial duration, the decision on this
definitive implantation might be arranged during an
overly optimistic point of view, possibly at the cost of
long-term sustainability (eg, in a stage where the early
results are overshadowed by placebo-like factors and
unrealistic expectations). At least up to 6 days after a



Table 5. Multiple Linear Regressions for Relation Between Questionnaire Data and Whether a Tri-
aled or a Nontrialed Implantation Strategy was Adhered

OUTCOME MEASURE AT 1-YEAR FOLLOW-UP TAGGEDAPTARAEND AT 3-YEAR FOLLOW-UP TAGGEDAPTARAENDTAGGEDAPTARAEND

N (LOCF)* T AGGEDAPTARAEND EFFECT (95%-CI)

(REFERENCE IS “TRIAL”)y TAGGEDAPTARAEND
P-VALUE TAGGEDAPTARAEND N (LOCF)*T AGGEDAPTARAEND EFFECT (95%-CI)

(REFERENCE IS “TRIAL”)y TAGGEDAPTARAEND
P-VALUETAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARAENDTAGGEDAPTARATBODY

QLI 43 (18) -.482 (-3.864 to 2.899) .774 29 (8) 7.256 (-1.906 to 16.418) .114

HADS: total 88 (24) .322 (-2.133 to 2.777) .795 59 (15) .116 (-4.225 to 4.457) .958

HADS: anxiety 88 (24) .527 (-.680 to 1.734) .388 59 (15) .000 (-1.814 to 1.813) 1.000

HADS: depression 88 (24) -.209 (-1.763 to 1.344) .789 59 (15) .272 (-2.590 to 3.135) .849

PCS: total 88 (23) 2.553 (-1.580 to 6.685) .223 58 (15) -.340 (-6.496 to 5.817) .912

PCS: helplessness 88 (23) .861 (-1.403 to 3.125) .451 58 (15) -.056 (-3.529 to 3.416) .974

PCS: magnification 88 (23) .240 (-.501 to .981) .521 58 (15) .140 (-1.061 to 1.342) .815

PCS: rumination 88 (23) 1.544 (-.043 to 3.130) .056 58 (15) .540 (-1.457 to 2.537) .589

SF-36: physical functioning 90 (23) 5.696 (-3.648 - 15.040) .229 26 (13) -1.990 (-18.786 to 14.806) .806

SF-36: physical role functioning 94 (27) 1.906 (-13.484 - 17.297) .806 30 (12) -3.027 (-41.972 to 35.917) .873

SF-36: mental health 92 (24) -3.261 (-9.370 - 2.847) .291 29 (11) 0.023 (-18.864 to 18.911) .998

SF-36: emotional role functioning 94 (26) -11.649 (-29.795 - 6.497) .205 30 (12) -35.521 (-88.898 to 17.855) .181

SF-36: vitality 92 (25) 1.095 (-7.412 to 9.603) .799 29 (12) -0.338 (-13.445 to 12.769) .958

SF-36: social functioning 93 (25) -1.562 (-11.648 to 8.524) .759 30 (13) -10.400 (-42.014 to 21.213) .502

SF-36: pain 94 (25) 1.803 (-7.841 to 11.447) .711 30 (11) 1.008 (-14.895 to 16.911) .897

SF-36: general health 89 (24) -8.564 (-15.907 to -1.221) .023z 26 (10) -17.691 (-37.829 to 2.448) .082

MPQ-DLV: sensory PRI 42 (17) 20.620 (8.156 - 33.084) .002z 29 (8) 4.099 (-19.853 to 28.051) .726

MPQ-DLV: affective PRI 42 (17) 12.137 (5.856 - 18.418) .000z 29 (8) 8.693 (-4.662 to 22.047) .190

MPQ-DLV: evaluative PRI 42 (17) 4.508 (0.179 - 8.837) .042z 29 (8) 5.476 (-3.666 to 14.618) .227

MPQ-DLV: total PRI 39 (16) 37.330 (16.070 - 58.590) .001z 28 (8) 15.780 (-25.028 to 56.587) .429

The bold values are the significant values (significance was assumed when P <0.005).
Abbreviations: HADS, Hospital Anxiety and Depression Scale; MPQ-DLV, McGill Pain Questionnaire Dutch Language Version; PCS, Pain Catastrophizing Scale; PRI,
Pain Rating Index; QLI, Quality of Life Index; SF-36, 36-Item Short Form Health Survey. Within each analysis, the variables gender, age, height, BMI, baseline score
and whether a patient used opioids before implantation were also included. Except the SF-36, a lower score indicated improvement.
*Missing data was handled through the last observation carried forward method, of which the corresponding number of patients is depicted between parenthesis.
yThe effect in case of a “No-Trial” is presented, as a reference to the “Trial” condition.
zThe Trial group was found to be superior.
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trialed SCS implantation, the patient’s reports on the
SCS treatment effect might be inaccurate.7 Vice versa
situations have also been described, as an SCS trial could
be a false-negative predictor for long-term outcomes in
some patients.31

Though, the shorter the trial period, the lower risk for
infections or other complications.30 The only observed
statistically significant difference in the current study
was the number of infections, favoring the No-Trial
group (P = .006). We hypothesize that the reported
difference can mainly be accredited to the doubled
number of procedures required during a trialed implan-
tation strategy since significance would have disap-
peared if the number of infections had been corrected
for the number of procedures performed. Though, both
contributing hospitals implanted permanent trial leads,
which hold a higher risk of developing an infection or
impeding wound healing.36 Any inter-site variations
could also have contributed to the presented complica-
tions, as both hospitals adhered to a slightly different
antibiotic regimen. One hospital administered cefazolin
both preoperatively and postoperatively, whereas the
other clinic (which performed most of the nontrialed
implantations) administered cefazolin only preopera-
tively. Unfortunately, we were unable to correct for
these intersite dissimilarities. Currently, no other com-
parative evidence is available. Therefore, the nontrialed
implantation strategy may be preferred in terms of
complications and perhaps also due to the indirectly
linked raised healthcare costs related to complications
such as infections. The contribution of complications to
any cost-benefit analysis has not been determined.
Though, 2 studies stated that the outcome benefit
resulting from an SCS trial becomes irrelevant concern-
ing the significantly high associated costs, comparing a
trialed and a nontrialed implantation strategy.12,14 Their
findings are not easily generalizable, however, as trial
to implant ratios vary greatly between the United
States16,17,27 and Europe,41 as well as across different
medical indications for implantation.12,16 Also, long-
term outcomes were not incorporated.
Although the current evidence points out some possi-

ble advantages regarding a nontrialed implantation
strategy, an SCS trial might still also hold potential. First,
as the treatment relationship between the patient and
healthcare providers lengthens, more contacts will be
held, resulting in enhanced patient education and more
shared decision-making processes.33 This could lead to
more adequate choices based on realistic expectations
and the patient’s preferences and values more often,
which have been suggested as positive outcome predic-
tors.9 Also, if chronic pain patients have the feeling of
being more involved and thus experience autonomy
regarding their treatment trajectory, preferably at their
own pace, their related outcomes will be positively
enhanced.22,24 It is known that patients tend toward
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improved treatment outcome, satisfaction and psycho-
logical and sensory aspects after they have had the
opportunity to choose whether or not to undergo a cer-
tain treatment.23 One could argue that such a decision
benefits from a trialed implantation strategy as patients
have more input and time to contemplate. This may
have been why our Trial group patients reported supe-
rior pain rating indices at 1-year follow-up. Although
the above findings advocate potential benefits of a tri-
aled SCS implantation strategy, particularly as the trial
duration lengthens, we should then also consider the
accompanying risks such as infections.30 Moreover, a
qualitative study concluded that patients disfavored the
trialed SCS implantation strategy due to the related bur-
dens of the external IPG and cable wires, 2 recovery peri-
ods being required and the increased time and cost
consuming aspects.6 The current study missed such
nuances in the patients’ perspectives. Therefore, their
findings are complementary to ours, and while they
more firmly advocate for a nontrialed implantation
strategy, they also opt for the development of a
patient-centered decision-making framework based on
complete and reliable information provision, expecta-
tion management and optimization of coping strate-
gies. While it still seems reasonable that an SCS trial
would positively contribute to such core values as part
of an overall SCS therapy plan, we reckon that other
opportunities as a possible substitute should also be
investigated, such as adjuvant psychological treat-
ment.25 Perhaps we will be able to fully address these
important principles without the need for an invasive
SCS trial while still improving SCS treatment outcomes.

Strengths and Limitations
To the best of the authors’ knowledge, this multicen-

ter study currently holds the largest assessment on
whether a trialed or a nontrialed SCS implantation strat-
egy should be performed. Our 2 homogeneous FBSS
groups, as patient demographics were found to be simi-
lar, studied outcomes at a much longer follow-up than
investigated before. The contributing hospitals mainly
adhered to only one of both implantation strategies,
mitigating any negative outcome factors related to rela-
tively less experienced procedures or learning curve
effects of the staff. Although data was insufficient to
study the role of different stimulation modalities, the
inclusion of various stimulation paradigms and multi-
vendor data might enhance the generalizability of the
current findings. Similarly, data regarding opioid dos-
ages and preimplantation duration of pain were only
available for an insufficient number of patients. Inher-
ently to the retrospective design of this study, we could
not correct for any inter-site differences and contextual
factors, such as the exact antibiotic regimen that was
administered or to which extent patients were educated
preoperatively. However, all contributory healthcare
providers collaborated intensively and frequently. One
example was recurring multicenter multidisciplinary ses-
sions on patient cases, SCS indications and implantation
strategies. Therefore, the authors deem these limita-
tions of limited value in the context of the research aim
of this study. Lastly, patients could not choose between
both implantation strategies in the past, which impeded
the shared decision-making process and perhaps also
negatively influenced the corresponding outcomes.
Conclusion
Although the current study showed statistically supe-

rior, but not clinically meaningful results concerning
nontrialed SCS patients, none of the SCS implantation
strategies can be deemed superior. Together with the
other currently available ambiguous literature, it could
be argued SCS trials should be considered on a case-by-
case basis. We should dive deeper into its clinical utility
in certain patient populations or character traits first, as
well as to investigate any possible alternatives. An SCS
trial could still be beneficial as part of a multidimen-
sional assessment to determine sustainability regarding
permanent implantation and clinical outcome, espe-
cially in patients with significantly high opioid usage, a
doubtful implantation indication or a combination of
multiple positive and negative outcome predictors.
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