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Abstract

Objectives—Conversion rates from trial leads to permanent spinal cord stimulation (SCS)
systems have important implications for healthcare resource utilization (HCRU) and pain
management. We hypothesized conversion rates differ based on provider implant volume.

Materials and Methods—We designed a large, retrospective analysis using the Truven
MarketScan database analyzing adult SCS patients with provider information available, with or
without IPG implantation from the years 2007 to 2012. Patients were divided into three provider-
based groups: high (>25), medium (9-24), and low (3-8) volume providers. Univariate and
multivariate models identified factors associated with successful conversion.

Results—A total of 17,850 unique trial implants were performed by 3,028 providers. Of 13,879
patients with baseline data available, 8,981 (64.7%) progressed to permanent SCS. Higher volume
providers were associated with slightly higher conversion rates (65.9% vs. 63.3% low volume,
p=0.029), explant rates (9.2% vs. 7.7% medium volume, p=0.026), younger age (52.0 + 13.4 years
vs. 53.0 + 13.4 years, p=0.0026), Medicare/Medicaid (47.8% vs. 35.0% low volume, p<0.0001),
Southern region (53.5% vs. 38.9% low volume, p<0.0001), and higher Charlson comorbidity
scores (1.0 (SD=1.4), p=0.0002). Multivariate regression results showed female gender (1.13 [95%
Cl: 1.05-1.22], p<0.001) and high volume providers associated with higher odds of successful

trial conversion (1.12 [95% ClI: 1.02-1.22], p=0.014).

Conclusions—In this nationwide analysis, high volume providers achieved higher trial-to-
permanent SCS conversion rates than lower volume providers. The study has implications for both
training requirements and referral patterns to delineate minimum implant experience necessary for
provider proficiency. Future studies may be useful to understand HCRU differences.
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Introduction

Chronic pain impacts 100 million adults in the United States every year, costing as much as
$635 billion in increased medical costs and lost economic productivity®. Spinal cord
stimulation (SCS) is an established modality for the treatment of intractable chronic pain,
and has been shown to decrease refractory chronic pain and improve quality of life across a
number of medical conditions25. Since the first volume-outcome relationships in surgical
care were reported more than 30 years ago, there has been a continued debate about whether
certain procedures should be restricted to high-volume centers’~19. Many studies have
shown that higher provider volume is associated with lower postoperative complication rates
after a variety of surgical procedures. Although the trend has most commonly been
established with high-risk operations, it has also been shown in less complex
procedures’-11-21,

Unfortunately, despite patient satisfaction, increased annual use, and sustained success of
SCS22-25 3 recent study reports the trial-to-permanent conversion rate at 42%%26. These
patients never receive a permanent spinal cord stimulator, as they do not improve sufficiently
during the traditional trial period. Lasting approximately one week, the trial period helps to
predict and scale expectations for full benefit from SCS27-33, The trial is considered
successful if a 50% reduction in pain is achieved with the trial device in place, at which
point the patient can proceed to permanent implantation. Trial-to-permanent conversion rates
have been analyzed for their implication in overall device efficacy and have also been used
as means of comparing provider proficiency in patient selection and procedure
performance26:34, Beyond etiology of pain, other prognostic factors have been shown to
predict trial conversion, including patient selection, geographic variation, insurance, age,
trial-to-implant time, undergoing multiple trial phases, and previous back surgeries26:34-36,

Complications and failed trials result in high costs from continued attempts at pain
management and repeated revisions26:35-38, While newer systems have reduced
complications and improved trial conversion rates, there is a paucity of data regarding the
impact of provider expertise and familiarity with SCS340, While differences may exist
between practices, there may also exist intra-specialty and certainly individual provider
technical differences that contribute to improved outcomes3841.42, Although relations
between volume and outcome have long been recognized, efforts to concentrate selective
procedures or appropriate referral pathways to high-volume centers are only now beginning
to gain momentum.

In this study, we hypothesized that patients with chronic pain who visit SCS implanters with
high implant volume have higher trial-to-permanent conversion rates than patients who visit
SCS implanters with low implant volume. Using the Truven Marketscan database, we
examined SCS lead and implanted pulse generator (IPG) placement from 2007 to 2012 for
the treatment of chronic pain. Our primary outcome was SCS trial-to-permanent conversion

Neuromodulation. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Murphy et al. Page 3

rate between those providers who frequently perform SCS implantation and those who
perform such implantations less frequently.

Materials and Methods

Data Source

The present study is a large retrospective review utilizing the Truven Marketscan Database, a
national database that includes information from Commercial Claims and Encounters,
Medicare Supplemental and Coordination of Benefits, and Medicaid databases. Data within
Marketscan includes United States inpatient admissions, inpatient services, outpatient
services, and enrollment tables between 2007 and 2012, all of which are de-identified and
collected from a third party, requiring no patient contact or consent. The study received IRB
approval from the Institutional Review Board.

Study Sample

Unique instances of percutaneous and paddle SCS trials were identified: individuals
underwent implantation of a percutaneous SCS lead (CPT-4: 63650) or a paddle SCS lead
(CPT-4: 63655) without a simultaneous implantation of a percutaneous IPG (CPT-4: 63685)
(Supplementary Table 1). Additional inclusion criteria included age =18. The provider
inclusion criteria included involvement in a minimum of three SCS trial implants and the
provider type (i.e. anesthesiology, neurosurgery, orthopedic, and PM&R), which was
represented by at least 100 unique instances to include those providers that typically perform
such procedures. Cases that did not contain provider IDs or baseline data were excluded.
Finally, cases that were coded ambiguously based on SCS lead and IPG placement were also
excluded (Supplementary Figure 1).

Such criteria produced a final patient cohort of 13,879. Only the first trial and its associated
provider was included to ensure each patient was only included once. Of the providers
meeting the inclusion criteria, implanters were differentiated into high implant volume (>25
documented implants), medium implant volume (9-24 documented implants), and low
implant volume (<3-8 documented implants). Such volume cutoffs were assigned based on
rounding to the nearest whole number implant to approximate the cohort into thirds. The
13,879 patients were analyzed according to their provider volume based on these low,
medium, and high groupings.

Main Outcome Measure

Six cohorts of chronic pain patients were identified, including successful trials from low/
medium/high volume implanter and failed trial from low/medium/high volume implanter.
The main outcome measure was the trial-to-permanent conversion rate with SCS trial
implantation as the index event. Successful trial was defined by percutaneous or paddle lead
implant followed by IPG implant. Due to the possibility of errors in billing date, IPG
implants within one week of SCS lead implants were also included. Failed trials were
defined as a percutaneous or paddle lead implant not accompanied by IPG implant.
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Statistical Analysis

Results

Descriptive statistics were reported and demarcated by low, medium, and high volume
status. Counts and percentages were reported for categorical variables. Means, standard
deviations, medians, and quartiles were provided for continuous variables. Chi-square test
was used for the group difference for categorical variables, and Kruskal Wallis test was used
for the group difference for the continuous variable. Univariate logistic regression model
was used to test the significance of provider volume. Multivariate logistic regression model
was used to quantify the likelihood of permanent conversion with age at first SCS lead
implant, gender, provider volume, year of procedure, insurance source, employment status,
and Charlson comorbidity score as the covariates. Adjusted odds ratios (ORs) with 95%
confidence intervals (Cls) were reported for trial-to-conversion rates. All analyses were
conducted with SAS version 9.4 (SAS Institute, Cary, NC, USA).

Patient Cohort

A total of 13,879 unique patients undergoing SCS trials between 2007 and 2012 were
identified in the Truven Marketscan database. These patients were 62.9% female with an
average age of 52.5 + 13.3 years. Approximately 44.1% of patients were located in the
Southern geographic region, 23.8% were actively employed, and 41.1% of patients were
insured through either Medicaid or Medicare (Table 1). 32.3% were classified as patients of
high-volume (>25) providers, 31.6% were classified as patients of medium-volume (9-24)
providers, and 36.0% were classified as patients of low-volume (3-8) providers.

Baseline Characteristics

Outcomes

At baseline, the average age of our patient cohort differed slightly between the implanters
(p=0.0026), at 52.0 + 13.4 years in high volume implanters and 53.0 + 13.4 years in low
volume implanters. Gender distribution was similar across all implant groups. A large
majority of the patients in the cohort of high volume implanters was located in the Southern
region (53.5% in high volume implanters vs. 38.9% in low volume implanters, p<0.0001).
Amongst the high volume implanters, 47.8% of the patient cohort had either Medicare or
Medicaid insurance type (vs. 35% in low volume implanters, p<0.0001) (Table 1).

Overall, 8,981 patients (64.7%) proceeded to have a permanent SCS system implanted after
successful SCS trial, whereas 4,898 patients (35.3%) had a failed trial. In terms of trial-to-
permanent conversion rate, high volume providers had a higher conversion rate at 65.9%,
with medium volume providers at 65.1%, and low volume providers at 63.3% (p=0.0292)
(Figure 1).

Using low-volume as a reference, the results for the univariate and adjusted multivariate
model were similar. After adjusting for the previously mentioned demographic factors,
multivariate analysis showed a 12% increased likelihood of trial-to-permanent conversion in
the high-volume group (OR: 1.12; p=0.014; 95% CI: 1.02-1.22). As shown in the
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multivariate model, the medium-volume group was 8% more likely to convert to permanent
SCS based on the adjusted model (OR: 1.08; p=0.080; 95% CI: 0.99-1.18) (Table 2).

The mean duration to IPG implant following SCS lead implant was prolonged in the low
volume cohort, at 50.3 days (median 29.0 days) versus medium or high volume implanters
(mean[median]: 45.6[26.0] and 48.5[28.0], respectively).

Discussion

In this study, we attempted to quantify the impact of provider’s procedural volume on trial-
to-permanent SCS conversion. Our expectation was that high implant volume providers
would have higher trial-to-permanent conversion rates. This was indeed corroborated by our
results, albeit to a lesser degree than expected. On average, high-volume providers have
2.6% higher trial-to-conversion rates with at least a 12% increased likelihood of successful
trial compared to low-volume providers. Our study suggests consideration of a minimum
numeric threshold for trial implantation necessary for a clinician to be considered a
‘standard of care’ provider for SCS. Although standardized training requirements have been
previously explored*2, annual institutional and practice performance requirements may also
be required and pursued for continued excellence in patient care and appropriate
administration of SCS technology.

Patient Charlson comorbidity scores were slightly higher in the high volume providers,
suggesting high volume providers are possibly treating more medically challenging patients.
Whether this is a function of referral patterns, self-selection, or other providers “passing the
buck” to their more experienced colleagues is worth exploring. Interestingly, high volume
providers were also associated with higher rates of explant, which could be due to a variety
of reasons such as lower threshold for defining treatment failure, more complicated case
mix, or patient expectations when seeking treatment at high vs. low volume centers. At least
one previous study has shown loss of clinical effect as a primary factor in explantation®3. It
will be useful to further explore this trend, given the association between treatment
outcomes and healthcare resource utilization. While insurance type, employment status, and
geographic region did not predict higher trial-to-permanent conversion rates, the
independent predictor of implant year, showing 18% increased odds of conversion in 2011,
may suggest technological advances have contributed to the overall improved success of
SCS and thus increased conversion rates over time.

Variations in patient population and protocol across provider groups may partly explain our
results. Trial-to-permanent conversion rates are impacted by disease type and the duration of
pain experienced by the patient cohort*3. Number of leads, lead placement, spinal level
placement, and dermatomal targets can impact effective pain coverage after SCS
implantation. SCS outcomes are also closely associated with patient follow-up, how
providers choose to tailor stimulator characteristics, and the selectivity and threshold for
interpreting a “trial failure’. Thus, factors other than technical proficiency and overall device
efficacy may affect trial-to-conversion rates across providers in this study. Whether high
volume providers have higher conversion rates due to more experience vis-a-vis larger
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caseloads, or if these providers receive greater referrals as a function of sub-specialization,
cannot be inferred here.

There is a growing body of literature examining the variability of SCS outcomes and how
they are dependent on not only patient factors, but also on physician expertise, surgical
technique, and postoperative care31:33:44.45 An estimated 27,484 SCS systems were
implanted in 2007 by medical and surgical specialties with widely varying training
backgrounds, a number that most likely has escalated given increased awareness of SCS as a
viable treatment alternative over recent years22. With no formal certification prerequisites as
to number of procedures performed or additional fellowship training requirements across
different specialties, it is clear that there is growing need for standardization of physician
training in SCS*2. In 2009, the North American Neuromodulation Society (NANS) released
training and competency guidelines to address this need, highlighting three SCS training
programs with requirements depending on the services offered by specific specialties. These
required at minimum 25 follow-up visits with SCS patients in the capacity of primary
operator and evaluator, and maintenance of competency with at least 10 device implants/
revisions annually*2. In particular, NANS defined an “SCS service” as a physician or group
of physicians with a caseload of at least 30 implants or trials per year. A 2014 survey of pain
medicine programs across the US reported that although there has been marked changes in
pain practices over the past decade, there continues to be a high degree of variability with a
total of 50 programs reporting an annual range of 5 to 200 trials and 0 to 150 permanent
implantations performed#l. Moreover, although additional fellowship training was cited to
be the most educational experience for SCS competency, there exists a general lack of
uniformity in experience across institutions.

While there have been several studies in the literature that have examined factors associated
with spinal cord stimulation success26:31:334445 the focus has been largely patient-based
rather than identifying provider variables. Our study is the first to consider the effect of
provider implant volume using a large national cohort. There are, however, limitations to our
analysis. First and foremost, we recognize that trial-to-conversion rates cannot be assumed
to be a metric for long-term SCS success. Second, this study is a US-based, retrospective
and non-randomized, analysis of a patient cohort primarily weighted towards recent years
and commercial insurance. We attempted to address this through a multivariate analysis and
adjustment of our data for patient and hospital-related factors. Studies conducted in the UK
have demonstrated lower rates of back surgery and utilization of SCS, but purportedly higher
trial-to-conversion and lower explantation rates, which underscore the regional applicability
of this study#6-47 (personal communication). Thirdly, this database lacked information on
factors that may affect optimal pain coverage in SCS patients, including number of leads,
lead location, spinal level placement, and dermatomal targets. Both paddle and percutaneous
trials were included, as the decision to use one or the other is largely based on provider and
patient anatomy, and the study does not speak to how the conversion rates would differ if
delineating lead type. A separate analysis of such factors may help evaluate for provider
implant volume and customization of such characteristics. Similarly, other factors that may
add to the breadth of discussion, such as changes to numerical pain scores, pain intensity, or
quality and impact on quality of life, could not be analyzed in this patient cohort.
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Despite the aforementioned limitations, our study does highlight the importance of
considering provider and practice variables that directly impact patient outcomes. It would
be interesting to identify if providers that experience high implant volume are associated
with a particular specialty, or located at large group practices or academic institutions with
access to ancillary resources. Future studies are required to understand the practice
variations that make this possible, and to consider the effect of a successful conversion rate
and concentration of implantation at higher volume centers on healthcare utilization.

Conclusion

Data is accumulating that provider volume is a plausible predictor of outcome in multiple
interventional and surgical disciplines. The skillset and training of the individual surgeon is
important, though it is also crucial that a multidisciplinary treatment team develops
substantial experience in the management of these patients. In this large, nationwide analysis
of 13,879 patients, our results indicate that providers performing a higher volume of SCS
implants achieve significantly higher trial-to-permanent conversion rates, compared to
providers performing a lower volume of SCS implants. We also identified demographic
variables associated with high conversion rates that suggest trends that may impact patient
selection in SCS. The demonstrated findings have implications for provider qualification and
certification, as well as for the patient and referring provider. Patients, providers, and the
field of neuromodulation should acknowledge volume-outcome results, as advanced health
care systems will continue to face specialization and regionalization of procedures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. SCS Provider Volume by Conversion Rate
High volume providers display higher rates of trial-to-permanent spinal cord stimulator

conversion.
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Table 2

Multivariate Logistic Regression for Successful Conversion

OR (95% CI1)2  p-value
Age

0.99 (0.99,1.00)  <.001
Charlson comorbidity score

0.99 (0.96,1.02) 0.524

Gender of Patient
Female 1.13(1.05,1.22) <.001
Male reference

Implant volume
High (>25) 112 (1.02,1.22) 0.014

Medium (9-24) 1.08 (0.99, 1.18)  0.080

Low (3-8) reference
Year
2012 0.97 (0.85,1.10)  0.610
2011 1.18(1.04,1.35) 0.011
2010 1.13(0.99,1.29) 0.068
2009 1.03(0.91,1.16) 0.684
2008 0.99 (0.87,1.12) 0.867
2007 reference

Insurance source

Medicare 0.99 (0.86, 1.14)  0.854
Medicaid 0.95 (0.86, 1.05)  0.330
Commercial Insurance reference

Employment status
Other 1.02 (0.92,1.12) 0.709
Retiree/Medicare 0.94 (0.82,1.07) 0.323
Eligible/Disabled

FT/PT reference

aOR, odds ratio; Cl, confidence interval
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