
Neuromodulation: Technology at the Neural Interface

Received: September 8, 2021 Revised: January 6, 2022 Accepted: January 7, 2022

https://doi.org/10.1016/j.neurom.2022.01.012
Surgical Paddle Electrode Implantation as a
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in Failed Back Surgery Syndrome Patients
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ABSTRACT
Introduction: Spinal cord stimulation (SCS) to treat failed back surgery syndrome (FBSS) can be provided with either percuta-
neously or surgically implanted electrodes. Percutaneous electrodes are considered the first choice in many pain practices, but
surgical paddle electrodes can also be indicated if a percutaneous electrode fails to retain sufficient pain relief or if percutaneous
implantation is considered unachievable. Although the current efficacy of surgical paddle electrodes has been based mainly upon
pain intensity scores, the evidence on surgical paddle electrodes as a rescue to failed percutaneous electrodes remains even
more scarce.

Objective: This study aimed to evaluate the safety and clinical effectiveness of rescue surgical paddle electrodes in FBSS patients,
multidimensionally.

Materials and Methods: The occurrence of complications, pain intensity scores, psychosocial-related questionnaires, and
medication intake were collected. Subsequently, a Quality-of-Life Index (QLI) was calculated. A clinically relevant effect was
obtained if the minimal clinically important difference regarding pain intensity was reached.

Results: A total of 25 patients were included in the study. The pain intensity scores were significantly reduced (p < 0.001), and
clinically relevant reductions occurredduring short-term (0–6months),mid-term (1–3 years), and long-term follow-up (≥4 years). The
structural morphine usage and QLI were significantly decreased at short-term follow-up (p = 0.038 and p= 0.036, respectively). Six
complications occurred in five patients, of which, four concerned hardware-related problems and two were of biological origin.

Conclusion: SCS utilizing a surgical paddle electrode as a salvage treatment to failed conventional percutaneous cylindrical lead SCS
can be practiced safely and effectively to treat FBSS. Because of potentially improved clinical effectiveness and cost-effectiveness
resulting from fewer reoperations, a SCS treatment algorithm may benefit from expediting surgical paddle electrodes.
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INTRODUCTION

Patients are diagnosed with failed back surgery syndrome (FBSS)
if they report persistent or recurrent back pain or radicular leg pain
after lumbosacral spine surgery that was technically and
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anatomically successful.1 Among other domains, FBSS patients
tend to experience a lower quality of life (QoL) because of greater
levels of pain.2 When previous conservative therapies fail to
diminish pain sufficiently, spinal cord stimulation (SCS) can be
provided because it has been shown to improve pain relief and
QoL.3 In addition, SCS has been considered more effective than
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spinal reoperation, owing to a relatively high failure rate in terms of
pain relief.4

The SCS electrodes can be placed either percutaneously (ie,
cylindrical electrodes) or surgically through a laminotomy or lam-
inectomy (ie, surgical paddle electrode).5 Advantages of the sur-
gical paddle electrode include its flatter shape with wider design,6

resulting in less distance between the lead contacts and the target
dorsal columns.7 Because the electrical current preferably flows
through the cerebrospinal fluid (CSF), the likelihood of selective
dorsal column fiber stimulation is increased because the width of
the dorsal CSF space is smaller.8 Subsequent technical advantages
mentioned are superior paresthesia coverage9 and prolonged
battery life or charge burden because of lower amplitude
requirements.10 Also, because the posterior aspects of paddle
electrodes are insulated, current can be directed toward the
desired target and minimize the unwanted current spread, result-
ing in decreased battery load or even less or no uncomfortable side
stimulations because of sensory fiber recruitment in the
ligamentum flavum.11 Other technical differences lie within the
“center-to-center spacing” (ie, the distance between adjacent
electrode contacts), the higher number of contacts, and the
presence of multiple columns of contacts on the surgical paddle
electrode.12 Such variations in the electrode design are based on
the concept of “stimulation selectivity,”13,14 implying that the
maximum therapeutic benefit is achieved when the intended
neuronal structures in the dorsal column are stimulated (ie, inhi-
bition of the lateral spinothalamic tract and increased activity of the
descending antinociceptive pathways), without undesired stimu-
lation leading to unpleasant paresthesias. From a technical point of
view, surgical paddle electrodes may be considered as a first-line or
as an alternative treatment strategy.15 However, clinical evidence
on direct comparison of the two types of electrodes remains scarce
and mostly inconsistent.16,17 Although patients with a surgical
paddle electrode were reported to be more likely to reduce anal-
gesic intake,16 contradictory conclusions have been reported
regarding complication rates because some favored percutaneous
electrodes,9 whereas others showed that the lower reoperation
rates of paddle electrodes become advantageous over time,
especially from two years follow-up onwards.18 Although surgical
implantation is more invasive, the incidences of spinal cord injury
and spinal hematoma were shown to be fewer in a large cohort of
patients.19

Because implantation of surgical paddle electrodes is not
available in every practice, the percutaneous cylindrical electrodes
are more often considered first choice. When patients are first seen
by anesthesiologists-pain physicians who perform the percuta-
neous trial of SCS, a percutaneous cylindrical lead system as a
permanent implant is typically the first-choice treatment in these
centers. Consequently, in these practice environments, most
surgically inserted paddle electrodes are reserved for percutaneous
electrode lead failure to retain sufficient pain relief or when any
technical difficulties arise during percutaneous implantation.20 In
these cases, surgical paddle electrodes are often implanted after
failed percutaneous SCS treatments or when the percutaneous
route is considered anatomically unachievable (eg, scar tissue in
the dorsal epidural space, or scoliosis). Because there is a relative
paucity of published information on the use of rescue surgical
paddle implants for failed percutaneous cylindrical systems, our
goal was to assess the safety and clinical outcomes multidimen-
sionally, including pain intensity, psychosocial-related
questionnaires and QoL, changes in medication intake, and
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complications in FBSS patients who received SCS surgical paddle
implants as a rescue for percutaneous cylindrical systems. Also, the
results of our study may increase awareness and support for the
value of shared decision making within a multidisciplinary neuro-
modulation pain center that can provide both surgical paddle and
percutaneous cylindrical implant options by actively engaging our
neurosurgery colleagues throughout the treatment process.

MATERIALS AND METHODS
Study Population

Adult patients (aged ≥18 years) having FBSS with an indication
for SCS, treated with a surgical paddle electrode as a rescue after a
failed percutaneous cylindrical system at our university medical
center between March 2004 and December 2019, were retrospec-
tively studied. All electrodes were implanted by the same
neurosurgeon. Written informed consent was obtained for each
patient. Ethical approval for conducting this study was granted by
the medical research ethics committee (ie, CMO RadboudUMC; file
number: 2020-6556).

Data Retrieval
An existing treatment data base was supplemented with retro-

spectively retrieved data from medical records for the current
study. Data were collected from baseline (ie, before paddle elec-
trode implantation) and follow-up (ie, three months, six months,
one year, and each year consecutively). The main reason for sur-
gical paddle electrode implantation as a revision to a previously
implanted electrode was identified for each patient. Additionally,
multiple technical and perioperative variables were obtained.
Although the stimulation parameters may account for the clinical
outcomes by surgical paddle electrodes, they were not collected
because the current study’s power was too low to analyze the
influence of such parameters.

The primary outcome measures comprised the pain intensity
scores by means of the visual analog scale (VAS) and complications
associated with SCS therapy. Complications were classified into
either hardware (eg, electrode migration) or biological (eg, infec-
tion), and whether surgical treatment was required. Secondary
outcome measurements consisted of medication intake and mul-
tiple psychosocial-related questionnaires, including the Hospital
Anxiety and Depression Scale (HADS),21 the Pain Catastrophizing
Scale (PCS),22 the 36-Item Short Form Survey (SF-36),23 and the
McGill Pain Questionnaire Dutch Language Version (MPQ-DLV).24,25

Statistical Assessment
A clinically relevant effect was considered to be obtained if the

minimal clinically important difference (MCID) regarding pain
intensity (ie, at least 1.5 points reduction on the VAS scale) was
reached.26 A Quality-of-Life Index (QLI) was determined based on
nine questions of the MPQ-DLV (range: 0–27 points; the lower the
score, the better the QoL). In addition, the medication intake was
quantified according to the Medication Quantification Scale
(MQS),27 and the used opioid dosage was converted into a total
morphine equivalent dose by means of standard conversion tables.
Subsequently, the total daily morphine intake was split into a
structural dose and a dose of occasional use.

To test for statistical significance between baseline and follow-
up, the paired sample t-test was carried out. All statistic tests
were two-sided, and p < 0.05 was considered statistically
lsevier Inc. on behalf of the
y. This is an open access article
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RESCUE SURGICAL PADDLE ELECTRODE TO TREAT FBSS
significant. All analyses were performed with the use of SPSS
(version 25.0; IBM Corp, Armonk, NY).
RESULTS

A total of 25 patients who received SCS therapy through surgi-
cally implanted paddle electrodes were included in this study
(Table 1). The study cohort comprised 14 men and 11 women. The
median age at implantation was 50.3 years (38.8–68.8 years). The
implantable pulse generator was implanted in either the left gluteal
region (n = 17) or the left abdominal wall (n = 8). The median
postoperative follow-up was 43 months (3–194 months). Follow-up
moments were divided into three periods: short-term (0–six
months), mid-term (1–3 years), and long-term (≥4 years follow-up,
maximum of 16 years in one patient).
Table 1. Patient Characteristics (N = 25).

Parameters

Age at implantation, y
Sex
Male
Female

Postoperative follow-up in mo
Initial FBSS related pain distribution (n = 15)*
Radiating pain in one leg
Radiating pain in both legs
Back pain with radiating pain in one leg
Back pain with radiating pain in both legs

Back surgeries before SCS (n = 16)*
Main reason for paddle electrode implantation†

Percutaneous revision not possible owing to anatomical abnormalities
Insufficient coverage of painful area
Recurring migrations
Expansion of painful area/intractable pain

Performed interlaminar surgical approach
Single-level unilateral
Single-level bilateral
Multilevel bilateral

Type of electrode
Medtronic Specify 5-6-5
Abbott Penta Lead
Abbott Tripole 16C

Level of electrode tip
Th8
Th8–Th9
Th9
Th9–Th10
Th10
Th10–Th11

Region of IPG implantation
Lower abdomen
Gluteal

IPG chargeability
Chargeable
Not chargeable

The results in the right column are either depicted as their median and range o
IPG, implantable pulse generator.
*Data were not retrievable for some patients because of being lost to follow-up
†Although multiple reasons for paddle electrode implantation were applicable f
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Twenty-three electrodes were implanted under general anes-
thetics without intraoperative monitoring. Paresthesia testing
under spinal anesthesia was performed in the other two patients.
For all patients, the primary intended surgical approach was a
single-level unilateral interlaminar approach under microscopic
magnification, at the same level of which the previous percuta-
neous electrode was placed if the patient’s pain distribution was
unchanged. This standard surgical approach was sufficient in only
eight patients. If it was impossible to position the electrode in the
midline (eg, because of epidural fibrosis or scar tissue), which was
confirmed on an anterior-posterior view radiography, the approach
was extended to the contralateral side (ie, single-level bilateral
interlaminar approach) (n = 7). In case the lead could not be pro-
gressed to the adjacent intended level, a bilateral, multilevel
interlaminar approach was performed (n = 10). Laterally orientated
radiography was used to confirm a flat position of the electrode.
Value

50.3 (38.8–68.8)

14 (56.0%)
11 (44.0%)

43.0 (3.0–194.0)

2 (8.0%)
2 (8.0%)
3 (12.0%)
8 (32.0%)

2.0 (1.0–6.0)

10 (40.0%)
8 (32.0%)
4 (16.0%)
3 (12.0%)

8 (32.0%)
7 (28.0%)
10 (40.0%)

20 (80.0%)
3 (12.0%)
2 (8.0%)

3 (12.0%)
7 (28.0%)
5 (20.0%)
6 (24.0%)
1 (4.0%)
3 (12.0%)

8 (32.0%)
17 (68.0%)

5 (20.0%)
20 (80.0%)

r as their frequency of occurrence.

.
or some patients, the main reason was determined.
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Overall, a bilateral approach was required in most of the patients
(n = 17; 68.0%), indicating the added complexity of reimplantation.
Although direct relationships between this difficulty and explana-
tory variables could not be established based on our results, we
observed more epidural fibrosis in patients who previously
received multiple percutaneous leads, especially when one of those
leads became infected. Hypertrophy of the flavum ligament also
impeded surgical paddle placement in some patients. It must also
be noted that in some patients with unilateral pain, a slight
deviation of the electrode to the ipsilateral side was accepted.
Otherwise, these patients would have required a bilateral or
multilevel approach instead of a unilateral approach. Finally, before
anchoring the surgical paddle electrode, its contact points were
audited through impedance measures.
Pain intensity scores, medication intake, and questionnaire data

were not reported in all patients within each follow-up period.
Therefore, the number of patients and their total number of
observations are depicted for each measurement at every follow-
up period (Tables 2 and 3). The main reasons for these missing
data were extended follow-up intervals over time, as well as some
patients who chose to visit outpatient clinics closer to their homes.

Pain Intensity
The baseline, mean preoperative VAS score of all patients was

7.36 ± 1.48. Pain intensity scores were statistically significantly
reduced for all three follow-up periods (Table 2). Regarding short-
term follow-up, the average VAS was 5.05 ± 2.04 (p < 0.001). Partic-
ularly, 23 of 25 patients reported a decreased VAS score. However,
both patients who disclosed an increase reported a decreased VAS
score at longer follow-up. Concerning themid- and long-term follow-
up, the average pain intensity scores were 5.00 ± 1.94 (p< 0.001) and
4.94 ± 1.85 (p< 0.001), respectively. In terms of clinical relevance, the
MCID was observed in >50.0% of the patients for all three follow-up
periods (ie, 59.1%, 71.4%, and 86.7%, respectively).

Medication Intake
The three most frequently used medication classes were benzodi-

azepines, antidepressants, and anticonvulsants. Because the amount
of medication intake is positively correlated to the MQS, a reduced
MQS score indicates less medication intake. Within the current study,
the averageMQS scores did not decrease significantly at any follow-up
period (ie, short-term: p = 0.065; mid-term: p = 0.391; long-term:
p = 0.195) (Table 3). In contrast, the amount of structural morphine
usage was statistically significantly reduced by 17.93 mg per day on
average at short-term follow-up (p= 0.038). However, regardingmid-
and long-term follow-up, the decrease was reported to be 1.56 mg
(p = 0.831) and 6.57 mg (p = 0.492), respectively. The amount of
morphinebeing taken as occasional analgesicswas reported not to be
significantly reduced at any follow-up period.
Table 2. Pain Intensity Scores (VAS) Before and After SCS Therapy Using a Resc

Baseline 0–6 mo follow-up 1–3

VAS Mean = 7.36, SD = 1.48 Mean = 5.05, SD = 2.04 p < 0.001* Mea
N = 25 N = 22, x = 39 N =

For each follow-up period, the number of included patients is depicted as “N,” tog
“x.” Because not all data during follow-up were retrievable for each patient, the n
follow-up.
*Statistically significant differences.

www.neuromodulationjournal.org © 2022 The Authors. Published by E
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Psychosocial-related Questionnaires
Neither the HADS subscores nor the HADS total score showed

statistically significant differences (Table 3). Regarding the PCS
questionnaire, the total score and helplessness score were signifi-
cantly reduced at short-term follow-up (p = 0.029 and p = 0.028,
respectively). The PCS total score remained to be statistically sig-
nificant (p = 0.028) reduced at mid-term, but not at long-term
follow-up (p = 0.298). Rumination was found to be statistically
significantly improved at mid-term follow-up (p = 0.034). The only
score of the SF-36 questionnaire that was found to be statistically
significantly improved was the general health score at short-term
follow-up (p = 0.030).

Quality of Life
The QLI, derived from the MPQ-DLV questionnaire, showed to be

statistically significant improved at short-term (p = 0.036), but not
at mid-term (p = 0.542) and long-term (p = 0.333) follow-up
(Table 3).

Complication Rates
Six complications occurred in five patients, of which four

required surgical intervention (Table 4). Four of six complications
concerned hardware problems, including two electrode fractures or
malfunctions and two device components causing painful sensa-
tions. The other two complications were of biological origin and
comprised two infections. Although both required intravenous
antibiotics, one was also treated through surgical intervention (ie,
complete removal of the SCS system). In the latter case, reim-
plantation was performed at least three months beyond the
removal of the initial SCS system.

DISCUSSION

Within the current study, in which surgical paddle electrodes as a
rescue therapy to percutaneous leads were studied, pain intensity
score decreases were statistically significant and clinically relevant
at the short-term (0–6 months), mid-term (1–3 years), and long-
term follow-up (≥4 years). One reason for these promising results
could be the low reoperation rate because no electrode migrations
occurred. The structural morphine usage was statistically signifi-
cantly reduced at short-term follow-up. Despite the enhanced
complexity of the outlined rescue surgical paddles, only two
infections (8.0%) were noticed. A similar increase in complexity of
implant and increased infection rates were also reported in a
similar subpopulation of patients.20

Two patients reported a short-term increase in pain owing to
other painful comorbidities (ie, cervical disc herniation and gout),
improving after adequate treatment. Therefore, it could be debated
ue Surgical Paddle Electrode.

y follow-up ≥4 y follow-up

n = 5.00, SD = 1.94 p < 0.001* Mean = 4.94, SD = 1.85 p < 0.001*
21, x = 47 N = 15, x = 42

ether with their overall number of observations in the corresponding period as
umbers of patients and observations differ across short-, mid-, and long-term
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Table 3. Medication Intake and Psychosocial-Related Questionnaires Outcomes Before and After SCS Therapy Using a Rescue Surgical Paddle Electrode.

Baseline 0–6 mo follow-up 1–3 y follow-up ≥4 y follow-up

MQS Total M = 18.92, SD = 13.47 M = 14.68, SD = 12.37 p = 0.065 M = 17.87, SD = 14.05 p = 0.391 M = 15.96, SD = 15.38 p = 0.195
N = 24 N = 18, x = 23 N = 18, x = 30 N = 11, x = 30

Morphine intake Structural M = 47.50, SD = 55.80 M = 29.57, SD = 38.28 p = 0.038* M = 45.94, SD = 80.10 p = 0.831 M = 40.93, SD = 73.53 P = 0.492
Occasional M = 6.85, SD = 27.47 M = 9.17, SD = 26.18 p = 0.867 M = 1.31, SD = 3.08 p = 0.331 M = 2.66, SD = 4.85 P = 0.199

N = 24 N = 18, x = 23 N = 18, x = 29 N = 11, x = 30
HADS Total M = 12.07, SD = 7.88 M = 12.30, SD = 8.81 p = 0.195 M = 9.79, SD = 8.38 p = 0.181 M = 12.40, SD = 8.91 p = 0.890

Depression M = 6.64, SD = 3.41 M = 6.20, SD = 4.44 p = 0.133 M = 5.18, SD = 4.17 p = 0.201 M = 6.10, SD = 4.46 p = 0.934
Anxiety M = 5.43, SD = 4.67 M = 6.10, SD = 4.63 p = 0.380 M = 4.61, SD = 4.48 p = 0.201 M = 6.30, SD = 4.57 p = 0.866

N = 14 N = 10, x = 10 N = 11, x = 21 N = 5, x = 14
PCS Total M = 16.64, SD = 9.57 M = 11.60, SD = 11.95 p = 0.029* M = 12.27, SD = 11.30 p = 0.028* M = 15.25, SD = 12.05 p = 0.298

Helplessness M = 8.29, SD = 5.14 M = 5.90, SD = 6.30 p = 0.028* M = 6.26, SD = 5.66 p = 0.101 M = 7.57, SD = 5.76 p = 0.315
Magnification M = 1.86, SD = 2.96 M = 1.50, SD = 2.32 p = 0.240 M = 1.58, SD = 2.08 p = 0.325 M = 2.55, SD = 2.81 p = 0.598
Rumination M = 6.50, SD = 2.79 M = 4.20, SD = 3.82 p = 0.080 M = 4.44, SD = 3.86 p = 0.034* M = 5.13, SD = 3.57 p = 0.099

N = 14 N = 10, x = 10 N = 11, x = 22 N = 5, x = 17
SF-36 Physical functioning M = 31.15, SD = 20.33 M = 42.78, SD = 26.71 p = 0.062 M = 37.17, SD = 15.86 p = 0.175 M = 55.31, SD = 23.55 p = 0.196

N = 13 N = 9, x = 10 N = 10, x = 20 N = 4, x = 10
Physical role functioning M = 8.93, SD = 18.62 M = 26.25, SD = 35.58 p = 0.231 M = 15.53, SD = 29.23 p = 0.273 M = 31.67, SD = 45.80 p = 0.179

N = 14 N = 10, x = 11 N = 11, x = 21 N = 5, x = 14
Mental health M = 73.43, SD = 17.51 M = 72.89, SD = 19.98 p = 0.171 M = 74.20, SD = 23.35 p = 0.801 M = 68.07, SD = 24.54 p = 0.673

N = 14 N = 9, x = 10 N = 10, x = 21 N = 5, x = 14
Emotional role functioning M = 64.29, SD = 46.16 M = 70.00, SD = 39.91 p = 0.081 M = 48.48, SD = 49.70 p = 0.219 M = 43.89, SD = 51.39 p = 0.444

N = 14 N = 10, x = 11 N = 11, x = 21 N = 5, x = 14
Vitality M = 55.71, SD = 20.65 M = 60.75, SD = 21.60 p = 0.110 M = 60.17, SD = 20.90 p = 0.640 M = 55.58, SD = 22.96 p = 0.142

N = 14 N = 10, x = 11 N = 10, x = 21 N = 5, x = 13
Social functioning M = 49.11, SD = 22.18 M = 55.63, SD = 22.14 p = 0.229 M = 58.96, SD = 19.79 p = 0.305 M = 65.21, SD = 28.22 p = 0.365

N = 14 N = 10, x = 11 N = 10, x = 20 N = 5, x = 14
Pain M = 55.69, SD = 7.82 M = 53.26, SD = 4.66 p = 0.794 M = 56.26, SD = 2.61 p = 0.696 M = 53.54, SD = 9.77 p = 0.912

N = 14 N = 10, x = 11 N = 10, x = 20 N = 5, x = 14
General health M = 51.15, SD = 17.70 M = 55.83, SD = 19.28 p = 0.030* M = 51.15, SD = 21.49 p = 0.544 M = 52.29, SD = 22.76 p = 0.692

N = 13 N = 9, x = 10 N = 8, x = 18 N = 4, x = 11
MPQ-DLV QLI M = 15.43, SD = 5.68 M = 11.00, SD = 7.37 p = 0.036* M = 14.60, SD = 3.83 p = 0.542 M = 12.55, SD = 5.61 p = 0.333

N = 14 N = 9, x = 10 N = 10, x = 20 N = 5, x = 16

For each follow-up period, the number of included patients is depicted as “N,” together with their overall number of observations in the corresponding period as “x.” Because not all follow-up periods were
retrievable for each patient, the number of patients and observations differ across short-, mid-, and long-term follow-up.
M, mean.
*Statistically significant differences.
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Table 4. Complications Associated With SCS Therapy Using Rescue Surgical Paddle Electrodes.

Complications No surgery required Surgery required

No complications 20 (80.0%) N/A
Hardware
Electrode migration 0 0
Electrode fracture or malfunction 1 (4.0%) 1 (4.0%)
IPG malfunction 0 0
Pain due to device components 0 2 (8.0%)

Biological
Infection 1 (4.0%) 1 (4.0%)
Hematoma 0 0
Dural puncture 0 0
Neurological injury 0 0

Explantation* N/A 0

One patient endured both electrode malfunctioning on some contact points and mechanical pain at the inferior border of the IPG, which was in the left gluteal
region. However, the electrode was not revised because optimal pain relief was not obtained before its malfunctioning, and the perioperative risk was
considered too high because of comorbidities.
IPG, implantable pulse generator.
*Explantations primarily indicated owing to an infection were not considered.
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that all our patients responded to SCS therapy in terms of pain
relief. However, our results would still have been dissimilar to those
of Villavicencio et al,17 who reported that all 12 surgical paddle
electrode patients experienced ≥50.0% pain reduction. This
dissimilarity could be a coincidence with such low numbers of
inclusions. However, it may also be declared by the fact that
patients who had their percutaneous electrode revised were also
included within the current study because such patients tend to
respond worse to a revisionary surgical paddle electrode treat-
ment.20 Additionally, the same study showed a patient-reported
satisfaction rate of 62.5% at 33 months of follow-up, which
appeared to result from significant pain reduction and sufficient
coverage of the painful area.20 Hence, SCS using paddle electrodes
seems clinically relevant in diminishing FBSS related pain, also after
multiple percutaneous implantations.
To conclude from our cohort, a low reoperation rate might be

considered a positive outcome of using surgical paddle electrodes,
especially regarding long-term follow-up. Because surgical paddles
are less likely to migrate, they could provide more adequate pain
relief.28 Previously, Cameron29 described a percutaneous electrode
migration rate of 13.2% (n = 2753), whereas percutaneously
implanted paddle electrodes migrated in 2.5%,30 and the incidence
of a surgical paddle electrodemigrationwasmerely 1.1% among 509
patients.5 During our median follow-up of 43 months (range: 3–194
months), no surgical revisions owing to an electrode migration were
required. This could be the result of a more robust anchoring tech-
nique combined with a minimally surgical approach, during which
nothing of the lamina was removed. However, the best anchoring
method has not been determined,31 and Pahapill32 disclosed zero
revisions required by a lead migration in a large cohort of implants
without anchoring. Overall, perhaps independent of the place and
type of anchoring, surgical paddle leads appear to contribute to
clinical effectiveness and cost-effectiveness18because they require
fewer reoperations, even at long-term follow-up, when they are
utilized as a rescue therapy in difficult implantations.
Regarding structural morphine usage, a statistically significant

reduction was found at short-term follow-up. However, North
et al16 also reported a significantly reduced analgesic intake at 2.9
years follow-up, favoring surgical paddle electrodes over
www.neuromodulationjournal.org © 2022 The Authors. Published by E
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percutaneous electrodes. The EMPOWER trial by St Jude Medical, in
which 149 patients with a penta electrode were analyzed (37.2%),
disclosed a partial diminishment or completely reduced intake
(33%) concerningopioids or narcotics at three months follow-up.33

Another prospective investigation in both percutaneous as paddle
electrodes showed that 32 of 53 (60.4%) patients completely
stopped their medication intake at one-year follow-up.34 Although
the MCID was reached in all subcohorts, the mean reduction in VAS
was most prominent in patients who had never used opioids
previously. Subsequently, the authors suggested that preoperative
elimination of opioid intake might enhance clinical outcomes.34 To
elaborate, preoperative opioid intake could also be seen as a
negative predictor, either because of a more intractable pain syn-
drome or because of a patient who is less able to cope with the
current situation. Fewer side effects because of a lowered medi-
cation intake would enhance QoL-related outcomes, which could
be disparate to a reduced pain intensity score, even if that might be
the only measured outcome.35 Therefore, a multifaceted outcome
parameter including medication intake and pain intensity scores
would be beneficial for properly assessing clinical outcomes.

The presented infection rate (8.0%), including one superficial
infection which did not require surgical intervention, lies within the
previously published incidence range of 2.5% to 14.0% by
Bendersky et al.28 A negative contributor to our infection rate may
be that few surgical paddle electrode implantations have been
performed over many years. Besides, academic centers are more
likely to report higher infection rates, possibly resulting from the
enhanced complexity of their cases.36 However, a large academic
center recently reported a 0.0% infection rate for surgical paddle
implants.37 Also, reimplantation procedures are believed to
increase infection rates.20,37 For example, extensive amounts of
epidural fibrosis in the current study population impeded the
surgical implantation and lengthened the surgical procedure as a
result, which increases the infection risk. For example, each
previous percutaneous implantation is believed to lengthen the
subsequent percutaneous implantation by 15 minutes.38 It could
be hypothesized that the presented infection rates would have
been lower without the presence of such unfavorable conditions.
Despite the invasive character of surgical paddle electrode
lsevier Inc. on behalf of the
y. This is an open access article
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implantation, no difference was found regarding the infection rate
between the surgical paddle and percutaneous electrodes in 2628
patients with different pathologies.36 The reported infection rates
coincided with earlier research, because a difference was found at
neither 30 days nor 90 days of follow-up (n = 9072).18 For surgical
paddle electrodes specifically, Lee et al39 reported no infections
after trialed implantation in 12 patients. Another study, in which 16
of 22 trialed patients were permanently implanted, also reported
no infections.40 Recent reports in both academic and nonacademic
settings have illustrated the safety of surgical paddle electrodes
with near-zero electrode migrations or fracture rates and no
infections.32,37 Therefore, it could be hypothesized that surgical
paddle electrode placement is a safe therapy and is also a salvage
treatment for failing percutaneous electrodes. Finally, the imple-
mentation and perhaps further optimization of an infection care
bundle approach may suppress infection rates even further across
neuromodulation centers, leading to reduced morbidity and
enhanced cost-effectiveness.37

Although our study is only the second reporting on the outcomes
of rescue paddle implants for failed percutaneous permanent cylin-
drical systems,20 the current study was limited by a smaller popula-
tion size and data being lost to follow-up because of its retrospective
nature. Some patients were referred to our neuromodulation center
to receive a surgical paddle electrode, whereas data on the percu-
taneous implantation remained at the initial implantation site.
Though, the current study presents data on rescue paddle electrodes
in a homogenous cohort. Furthermore, it contributes to building a
larger amount of clinical experience regarding SCS therapy through a
surgical paddle electrode after previously failed percutaneous
cylindrical electrode treatment. Although not generalizable at this
point, at least for our center, the current results indicated that earlier
consideration of implanting a surgical paddle electrode might be
beneficial. Optimally, an (inter)national registry could be created to
demonstrate the clinical utility (eg, effectiveness and long-term
safety) through extensive data sets.

CONCLUSION

SCS using a surgical paddle electrode as a rescue to failed con-
ventional percutaneous cylindrical lead SCS treatment can be
practiced safely and effectively to treat FBSS, even in patients with
difficult implantations owing to unfavorable conditions such as
extensive epidural fibrosis or scarring. It may be hypothesized that
within a multidisciplinary SCS therapy algorithm, outcomes might
be improved upon expediting a full discussion regarding surgical
paddle electrodes, if clinically appropriate and feasible for both the
patient and neuromodulation center. Virgin surgical paddle
electrode implantations could improve clinical effectiveness and
cost-effectiveness over the long term because fewer reoperations
may be required. Nevertheless, robust comparative studies are
needed, specifically for tailoring each patient’s needs through a
holistic approach. Multifaceted outcome parameters, including
medication intake and psychosocial-related questionnaires, should
be utilized to better understand the clinical utility this implantation
technique provides.
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COMMENT

The authors clearly and concisely describe their experience inproviding
surgical paddle implants as a rescueoption for failedback surgery patients
with failed percutaneous leads. In addition to VAS pain scores, they also
provide long-term outcomes in this challenging subpopulation of
patients in an extensive multidimensional fashion. There remains a
paucity of such data; thus, this report, although small and retrospective,
adds to our knowledge in this arena. In addition to reminding us of the
potential advantages of surgical paddle vs percutaneous cylindrical lead
implants, they also provide compelling evidence that it would be in the
best interests of our patients that the option of a surgical vs percutaneous
implant should be discussed in a multidisciplinary, comprehensive SCS
neuromodulation environment and presented to patients who passed
their initial trial of SCS. These include 1) the greater challenge of
implanting a paddle lead owing to adhesions and scarring from failed
percutaneous leads (40% need for multilevel bilateral exposures in this
study), and 2) the need for additional procedures that are associated with
greater complications such as infections. These can all lead to less-than-
optimal outcomes, cost-effectiveness, and perhaps even future limita-
tion of patient access to these therapies. I would have liked to know 1)
how the outcomes of these rescue paddle systems compared with the
outcomes of the failed percutaneous systems before they had failed, and
2) what the failure rate was for their percutaneously implanted cylindrical
lead systems compared with failure rates of their paddle systems that
were initially implanted up front. Although not clearly shown in the
literature, anecdotal evidence suggests that the greater delay between
successful trial percutaneous cylindrical lead pull and surgical paddle lead
implant, the greater trial lead associated adhesions/scar development
with subsequent increased probability for the need for an extended
exposure/dissection of the epidural space for optimal paddle lead
placement. Personally, we have seen this, especially when two magnetic
resonance imaging safe trial leads are placed adjacent to each other from
all vendors.

Ahmed Awad, MD;
Peter Pahapill, MD, PhD

Milwaukee, WI, USA
lsevier Inc. on behalf of the
y. This is an open access article
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