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Abstract

Objective. We hypothesize that reoperation rates of spinal cord stimulation (SCS) systems utilizing percutaneous
leads are comparable to those utilizing paddle leads. We attempt here to characterize causes for those reoperations
and identify any related patient characteristics. Design and Subjects. This study is a single-center retrospective chart
review of 291 subjects (410 operations) who underwent at least one permanent SCS implantation utilizing percuta-
neous or paddle leads over a 10-year period at the Medical University of South Carolina. Methods. Charts were
reviewed for height, weight, body mass index, gender, race, age, stimulator type, type of reoperation, diabetes sta-
tus, history and type of prior back surgery, top lead location, and number of leads placed. Comparisons of patient
and procedural characteristics were conducted using a two-sample t test (continuous variables), chi-square, or
Fisher exact approach (categorical variables). Univariate and multivariate Cox regression models were developed,
identifying associations between patient characteristics, SCS characteristics, reoperation rates, and time to reopera-
tion. Results. Thirty point five eight percent of subjects (89/291), required at least one reoperation. The reoperation
rate was 27.84% for percutaneous systems (N¼54/194) and 27.78% for paddle systems (N¼ 60/216). Time to
reoperation also did not differ between the two systems (hazard ratio [HR] ¼ 1.06, 95% CI ¼ 0.70–1.60). Of all factors
examined, younger age at time of placement was the only factor associated with risk of reoperation (HR ¼ 0.73, 95%
CI ¼ 0.62–0.87, P< 0.001). Conclusions. Our data suggest that reoperation rates and time to reoperation between per-
cutaneous and paddle leads are clinically similar; therefore, rates of reoperation should have no bearing on which
system to choose.
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Cord Stimulator Revisions

Introduction

Since the initial clinical use of neuromodulation in the

early 1970s, spinal cord stimulation (SCS) has become a

mainstay in the modern management of chronic pain syn-

dromes. While these systems have proven to be highly ef-

fective and safe, practitioners continue to refine

knowledge regarding which type of system (i.e., paddle

lead vs percutaneous lead) to use to optimize long-term

patient outcomes. It is important to consider the appro-

priateness of lead selection as it pertains to failure and re-

vision rates between the two system types in order to

minimize health care costs and patient complications.
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Currently, data comparing patient outcomes of percuta-

neous vs paddle leads, with regard to migration, revision,

and explantation rates, are lacking. As such, the aim of

this study was to contribute data comparing the rates of

reoperation of SCS systems placed percutaneously with

paddle leads placed via laminectomy.

To date, there is no consensus in the literature that

favors one lead type over another. Some clinicians recom-

mend using percutaneous electrodes for the trial, as well

as for permanent implantations whenever possible be-

cause it is a less invasive, technically easier, and less

costly procedure [1]. Kumar et al. (2007) further state,

“The percutaneous technique has several obvious advan-

tages, although there is little objective evidence indicating

which of the two electrode placement systems (percuta-

neous electrodes or laminectomy electrodes) produces

better long-term results.” On the other hand, others have

noted that insulated paddle electrodes reduce unwanted

current spread and provide more coverage of the low

back, while reducing power consumption [2, 3].

In this study, we hypothesize that SCS leads placed via

a percutaneous approach have revision rates similar to

those of paddle leads placed via a laminectomy. Our re-

search is intended to discover the historical revision sur-

gery rates at our center and to identify any predictive

patient factors associated with revision rates for the guid-

ance of clinical decision-making. In addition, our hope is

that future prospective interventional studies might be

able to use our results for computing an adequate sample

size for more highly powered studies.

Methods

Institutional review board approval was obtained. The

population of interest was studied by retrospective chart

review of patients who were implanted with either a per-

cutaneous or paddle lead system at the Medical

University of South Carolina (MUSC) over a 10-year pe-

riod (2009–2018). Criteria for inclusion in the study in-

cluded having the initial permanent SCS system placed at

our center. Patients who only underwent an SCS trial,

who had their initial permanent SCS system placed out-

side of the MUSC, or who underwent a battery replace-

ment for an end-of-life pulse generator were excluded

from the study. We used current procedural terminology

(CPT) codes for SCS implantation, revision, and removal

and the aforementioned criteria to identify the 291

patients who were included in our analysis. The chart re-

view was performed by our research team, and each

reoperation event and its data were verified by the lead

investigator.

Charts were reviewed for the following data parame-

ters: patient height, weight, body mass index (BMI), gen-

der, race, age at time of surgery, stimulator type

(percutaneous vs paddle leads), type of reoperation (revi-

sion/removal), diabetes status (yes/no), history of prior

back surgery (yes/no), type of back surgery if they had a

prior surgery (laminectomy vs laminectomy þ fusion), lo-

cation of top lead placement (cervical or thoracic), and

number of leads placed. Device manufacturer data were

not collected. The focus of this study was to compare

lead types and to identify all causes for reoperation.

Stimulator parameters and waveforms were also not col-

lected, as these are not consistently and routinely docu-

mented in clinical notes, and SCS devices changed

significantly over the 10-year inclusion period. As such,

our study would not have been powered to detect effects

related to specific devices or waveforms.

Descriptive statistics for all patient and procedural

characteristics were determined across all patients and by

stimulator type. Comparisons of patient and procedural

characteristics by initial stimulator type were conducted

using a two-sample t test approach for continuous varia-

bles and using a chi-square or Fisher exact approach

when appropriate for categorical variables. The main

outcomes of interest were rates of reoperation and time

to reoperation, where for the purposes of our study the

definition of “reoperation” used was revision or explan-

tation of a permanent SCS system due to any reason

other than routine battery replacement. Univariate asso-

ciations between time to reoperation and patient and

procedural characteristics were examined using a Cox re-

gression approach. As patients could have more than one

occurrence of reoperation, the Cox models included a

random frailty effect to account for occurrence of multi-

ple reoperation events within an individual. A multiple

Cox regression model of time to reoperation considering

all variables with a univariate significance of P< 0.20

and a random frailty effect was also developed.

Backwards selection was used to select the final model,

retaining all variables with P< 0.10. The proportional

hazards assumption was examined using the Grambsch-

Therneau test, and transformations of fixed effects were

considered if needed. Median survival time and 95%

confidence intervals based on the log-log estimate of

standard error were also estimated for the two stimulator

types. The rate of reoperation by stimulator type was

evaluated using a generalized linear mixed model includ-

ing a random subject effect to account for repeated reop-

erations on a subject. All analyses were conducted in

SAS, version 9.4 (SAS Institute, Cary, NC, USA).

Results

A total of 291 participants undergoing permanent spinal

cord stimulator implantation were included in our analy-

sis. Of those, 31.58% (N¼ 89/291) eventually required

at least one revision, 6.87% (N¼ 20/291) required two

or more revisions, and 1.72% (N¼ 5/291) required three

revisions. Among the 89 subjects requiring at least one

revision, percutaneous systems were initially placed in

49.44% (44/89) of participants, and paddle systems were

initially placed in 50.56% (45/89) of participants.

Among subjects with an initial percutaneous system that
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had a revision, 22.73% (10/44) were replaced with pad-

dle systems compared with 2.22% (1/45) of patients with

initial paddle placements switching to percutaneous sys-

tems. Of the 20 subjects who required two or more revi-

sions, 45.0% (nine of 20) initially had paddle systems

and 55.0% (11/20) had percutaneous systems. Of the

nine subjects with more than one revision and initial pad-

dle system placement, 11.11% (one of nine) converted to

a percutaneous system, and of the 11 subjects requiring

more than one revision and an initial percutaneous sys-

tem, 54.55% (six of 11) converted to paddle systems.

Reasons for requiring a reoperation were not consistent

within patients (e.g., a patient that had more than one

reoperation did not necessarily have the same reason for

requiring a reoperation each time). These are reported in

Table 3. Demographic data are reported in Table 1. In

our study population, 50.86% (N¼ 148/291) of the sub-

jects underwent initial percutaneous lead placement and

49.14% (N¼ 143/291) of subjects underwent initial pad-

dle lead placement. Females represented 54.3%

(N¼ 158/291) of study subjects. A majority of patients

were of white/Caucasian ethnicity (71.48%, N¼ 208/

291). The average age at the time of first implant was

55.5 years (Table 1). Diabetes was present in 22.34% of

subjects (N¼ 65/291). Most patients had a history of

back surgery (67.7%, N¼ 197/291).

A total of 410 systems were placed, accounting for

both initial placement and revisions, of which 194 were

percutaneous systems and 216 were paddle systems. The

majority of subjects with paddle systems underwent im-

plantation of a single lead (97.69%, N¼ 211/216), while

most patients with percutaneous systems underwent im-

plantation of more than one lead (79.38%, N¼ 154/

194). Leads were mostly implanted in the thoracic region

(90.49%, N¼ 371/410), while only 9.51% were

implanted in the cervical region. The reoperation rate

was 27.84% (N¼ 54/194) for percutaneous systems and

27.78% (N¼ 60/216) for paddle systems. Time to reop-

eration was evaluated for associations with type of stimu-

lator (percutaneous vs paddle), age at time of initial

placement (10-year increase), BMI (five-unit increase),

sex, race, presence of diabetes, history of previous back

surgery, lead location (cervical vs thoracic), and number

of leads. The time to reoperation was not significantly

different when comparing the two groups (hazard ratio

[HR] ¼ 1.06, 95% CI ¼ 0.70–1.60). Out of all the fac-

tors presented above, age at time of placement was the

only factor associated with increased risk of reoperation

(10-year increase HR ¼ 0.73, 95% CI ¼ 0.62–0.87,

P< 0.001). Specifically, in both univariate and multivari-

ate Cox models, a 10-year increase in age was associated

with a 27% decrease in the risk of revision (Table 2). The

median time to reoperation in patients with paddle sys-

tems was 1.75 years (95% CI ¼ 1.36–3.12 years), and in

patients with the percutaneous system it was 2.13 years

(95% CI ¼ 1.30–5.21 years). Kaplan-Meier survival

curves for patients with percutaneous and paddle systems

are shown in Figure 1. Notably, sex, obesity, previous

back surgery, number of leads, and lead location were

found not to be associated with rates of revision.

Reasons for reoperation are presented in Table 3.

Each category is not mutually exclusive, and thus multi-

ple reasons are often present to account for each reopera-

tion event. Patient complaints regarding the SCS system

were the most common, with 93 of 114 reoperations hav-

ing an associated complaint. These complaints included

“IPG [implanted pulse generator] site pain,” “other

pain,” “explant requested (NOS),” “loss of

Table 1. Patient and procedural characteristics by type of simulator initially placed

Characteristic Paddle (N¼143) Percutaneous (N¼148) P

Gender (male) 70 (49.0) 63 (42.6) 0.275

Age, y 56.2 (13.4) 54.9 (12.5) 0.378

Race* 0.164

White 113 (81.3) 95 (74.2)

AA† 26 (18.7) 33 (25.8)

BMI, kg/m2 31.0 (7.12) 30.4 (6.88) 0.501

Diabetes (yes)* 32 (21.7) 33 (22.5) 0.988

Prior back surgery (yes)* 107 (74.8) 90 (61.2) 0.013

If yes, type of surgery 0.078

Laminectomy 19 (20.9) 20 (33.9)

Laminectomy þ fusion 72 (79.1) 39 (66.1)

No. of leads* <0.001

1 142 (99.3) 27 (18.4)

>1 1 (0.70) 120 (81.6)

Lead location* 0.073

Cervical 8 (5.59) 17 (11.5)

Thoracic 135 (94.4) 131 (88.5)

Continuous variables are reported as mean (SD) and categorical variables as No. (%).

BMI ¼ body mass index.

*Nine subjects were missing race; all other categories flagged with an asterisk were missing one observation.
†There was one Asian subject who was grouped with African Americans.
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effectiveness,” and “difficulty charging.” Other reasons

for reoperation were due to device issues (39.47%,

N¼ 45/114) or were procedure related (6.14%, N¼ 7/

114). Device-related issues included hardware malfunc-

tion, lead damage, lead migration, unspecified, erosion of

lead or IPG, and lead connection failure. Procedure-

related issues included dural tear, infection, neurologic

deficit, hematoma, and wound dehiscence.

Discussion

We calculated an overall reoperation rate of 31.58%

(N¼ 89/291), which is comparable to other published

data on revision rates of spinal cord stimulators [4].

However, it is important to note that revision rate data

are rather limited in the literature. There are a few

reports that compare clinical outcomes between

implanted lead types. Villavicencio et al. (2000) followed

a small number of patients (N¼ 41) over 34 months to

compare outcomes after implantation of spinal cord

stimulator systems [5]. The study discovered significantly

better long-term pain scores with paddle leads; however,

failure and revision rates were not reported. North et al.

(2005) report on 24 patients randomized to either a per-

cutaneous 1� 4 lead or a 1� 4 paddle lead. The authors

reported removal of SCS systems in 20% of all patients

due to clinical failure but did not distinguish the lead

type associated with the failure [6]. De Carolis et al.

(2012) presented an abstract at the 2012 North

American Neuromodulation Society conference that

compared clinical outcomes between surgical and percu-

taneous SCS leads. They did not report failure or revision

rates [7]. Matias et al. (2014) reported that in patients

with failed percutaneous SCS leads and no previous revi-

sions, subsequent revision with paddle leads led to a

three-point pain reduction and an overall satisfaction

with therapy in >50% of patients [8]. Again, there was

no comparison of failure or revision rates between the

two systems. Still, other studies have reported compari-

sons of lead types, but none has mentioned reoperation

rates specifically [9–12].

In one study, Kim et al. (2011) compared lead migra-

tion complications between percutaneous and surgical

paddle leads, but the authors did not report revision rates

[13]. In yet another, Pahapill (2015) examined the out-

comes of 126 patients who initially received paddle leads

and found that no revisions were required for lead frac-

ture, migration, or infection. This study had an average

follow-up period of 20 months, with a 65% clinical suc-

cess rate at 29 months [14]. Rosenow et al. (2006) evalu-

ated SCS failure in 289 patients who were followed for a

median of 490 days. Approximately a quarter of these

patients (N¼ 65, 22% of entire cohort) required more

than one revision surgery. Moreover, the same data also

showed that paddle leads were associated with higher

rates of lead breakage, migration, and infection than per-

cutaneous leads [15].

Perhaps most pertinent to our study, Babu et al.

(2013) compared complications and costs of surgical vs

percutaneous implanted SCS leads [16]. They utilized the

Reuter’s MarketScan database to perform a retrospec-

tive, cross-sectional, population-based study and

Table 2. Hazard ratios for reoperation for all univariate and multivariate Cox regression models

Univariate Multivariate
Variable HR (96% CI) P HR (96% CI) P

Stimulator type (paddle vs percutaneous) 1.06 (0.70–1.60) 0.779 1.03 (0.72–1.60) 0.710

Age (10-y increase) 0.73 (0.62–0.87) <0.001 0.43 (0.62–0.87) <0.001

BMI (5-unit increase) 1.03 (0.89–1.19) 0.681

Sex (female vs male) 1.20 (0.79–1.81) 0.387

Race (white vs other) 1.17 (0.73–1.86) 0.515

Diabetes (yes vs no) 0.70 (0.41–1.20) 0.197

Prior back surgery (yes vs no) 1.14 (0.88–0.74) 0.558

Lead location (cervical vs thoracic) 1.13 (0.56–2.28) 0.726

No. of leads (increase by 1) 0.97 (0.66–1.42) 0.875

P values reported in the table are based on the Wald test.

BMI ¼ body mass index; HR ¼ hazard ratio.

Figure 1. Kaplan-Meier survival curves for time to reoperation
by stimulator type. The dashed line represents the median
survival.
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identified patients who received an SCS system with ei-

ther a percutaneous or surgical lead between 2000 and

2009. They reported that overall reoperation rates were

significantly higher for percutaneous leads compared

with surgically placed paddle systems (10.65% vs

7.69%, P< 0.0001). Of those percutaneous systems un-

dergoing revision, 70% were revised with repeat percuta-

neous lead systems. There are several differences between

their study and ours. Although their data were entirely

obtained via a database of reported patient claims, this

may not be representative of the entire population of in-

terest, as such; our study aims to evaluate all systems

implanted at our center over a 10-year period. Another

major difference is the time period during which the data

were generated. We postulated that a one-decade differ-

ence in time should account for lesser rates of overall

device-related complications and more sustainable ther-

apy due to improvements in surgical technique and de-

vice technology; however, this was not seen.

Despite all of these previous findings, the review paper

on general recommendations for SCS use by the

Neuromodulation Appropriateness Consensus

Committee states, “No prospective study to our knowl-

edge, has compared the risks of these techniques [percu-

taneous vs paddle lead] adequately; the only RCT

involved too small a sample to address these infrequent

events” [17].

We also reviewed the Medtronic product performance

registry of 2010, which compiles adverse events from

1,783 enrolled patients [18]. The registry reports on SCS

lead migrations, but not on how many required revision

surgeries. The Medtronic product performance registry

of 2012 reported adverse events from 2,210 enrolled

patients [19]. Again, no reports were made on revision

surgery rates, nor was any distinction made between pad-

dle and percutaneous SCS leads.

Patient demographics in our patient population were

found to be similar to other groups described in previous

studies. Our mean age at initial placement of 55.7 years

was similar to Hoelzer at el., Babu et al., and Taylor

et al. [4, 16, 20]. The presence of diabetes was also simi-

lar to these studies. A large number of studies cite “failed

back surgery syndrome” as their primary diagnosis [8,

13, 16, 20]. Our study population is likely similar, as

more than half of our patients underwent prior back

surgery.

While no association was found between lead type

and time to reoperation, a relationship was discovered

between age and risk for reoperation. For every 10-year

increase in age, there was a 27% decrease in risk of reop-

eration. We postulate this effect to be due to greater lev-

els of physical activity and/or flexibility in younger

patients, which may cause lead migration during flexion

and extension movements, leading to therapy failure.

Another possible explanation for this finding could be

that younger patients develop a tolerance to SCS more

quickly than older patients. A similar age-related

“tolerance” effect to opioid therapy has been previously

reported in the literature by Buntin-Mushok, et al.

(2005), whereby younger patients developed tolerance

and required increasing doses of opioids more rapidly

than older patients [21]. It may be possible that a similar

effect could be responsible for the age-related effect dis-

covered in our data. Further investigation is needed in or-

der to elucidate the exact cause of this association.

Interestingly, the most common sole reason for reop-

eration was patient complaint (i.e., “IPG site pain,”

“other pain,” “explant requested [NOS],” “loss of

effectiveness,” and “difficulty charging”), rather than de-

vice issues (i.e., hardware malfunction, lead damage, lead

migration, unspecified, erosion of lead or IPG, lead con-

nection failure) or procedural complications (i.e., dural

tear, infection, neurologic deficit, hematoma, and wound

dehiscence). The main complaint was loss of effective-

ness, followed by pain at the IPG site. IPG pocket pain

was present in 9.51% (N¼ 39/410) of all implants ana-

lyzed, which is similar to several studies across the litera-

ture [1, 22].

In our study, reoperations due to issues with the

implanted device occurred in 35.59% of participants

with paddle stimulators, compared with 47.17% of par-

ticipants with percutaneous stimulators, with the most

common device failure being lead migration. A few stud-

ies have compared lead migration between paddle and

percutaneous systems and found them to be similar [13,

23]. New anchoring techniques have been, and will likely

continue to be, an important development in order to de-

crease lead migration for both implant types. Less com-

mon device failures included other hardware

complications involving the pulse generator, lead connec-

tions to the generator, and extensions and lead fractures.

Lead damage incidence was much lower in our analysis

when compared with Kumar et al. and Mekhail et al. [1,

24]. These are older studies, so the decreased incidence of

lead damage could possibly be attributed to improve-

ments in the hardware of the SCS system.

Procedural issues were the least common cause of

reoperation, affecting only 11.86% of patients with pad-

dle stimulators and 5.66% with percutaneous systems.

The most common procedural complication was infec-

tion. Our overall infection rate of 1.95% (N¼ 8/410) is

similar to other publications [1, 6, 20, 24]. Notably, pad-

dle leads were associated with nearly three times the rate

of infection (10.17%, N¼ 6/59) compared with percuta-

neous leads (3.77%, N¼ 2/53). Two complications per-

taining to procedural issues included one dural tear and

one neurological deficit leading to explantation of the de-

vice. The neurological complaint occurred in a patient

who underwent T5-T10 fusion in an attempt to correct

symptomatic kyphosis. This was done some time after

placement of a paddle lead system. The patient developed

dense paraplegia after their spinal surgery, and a subse-

quent myelogram demonstrated blockade to the flow of

contrast dye at the level of the SCS paddle lead. The SCS
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system was then removed. Notably, the patient’s paraple-

gia did not resolve with removal of the SCS.

While we attempted to remain as objective and true to

the nature of scientific research as possible, we recognize

that our study is subject to all the limitations of retro-

spective research. These limitations include errors in

charting of the original data under investigation, errors

in gathering of such data upon chart review, and misin-

terpretation of data gathered. We attempted to minimize

the risk of these errors occurring by utilizing multiple

individuals independently collecting the same data and

by having the most senior author involved cross-

reference data with source material for collection errors

after the data were collected. Nonetheless, taking into

consideration the nature of retrospective research, read-

ers should not extrapolate our results as definitive

evidence.

Conclusions

Although there are many variables involved in the selec-

tion of one lead type over another, our retrospective data

suggest that rates of reoperation are not statistically sig-

nificant between the two SCS systems. Review of the lit-

erature also supports the position that neither lead type is

necessarily the preferable choice for permanent implanta-

tion. Further prospective research in this area is needed

to better answer the question of the superiority of either

the paddle lead or the percutaneous lead system.
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