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Abstract
Background 
There is a significant upfront cost for the use of neuromodulation devices. The high cost of
these devices may lead to disproportionate application in geographical regions with different
levels of financial resources. The purpose of this study was to determine if there is geographic
based economic inequity in the application of neuromodulation devices in the United States.

Methods 
Population and average household income data by county from the year 2010 were obtained
from publicly available databases on the US Census website. The number of stimulators sold by
county in the years 2009 and 2010 were provided by two of the four neuromodulation
companies with commercially available products. Pearson correlation and t-test statistics were
performed.

Results
 Of the 3142 U.S. counties analyzed, only 689 placed neuromodulation devices during this
period of time. There was a difference in average household income between counties with
device implants ($49,663) and counties with no device implants ($41,314), which was
statistically significant (p<0.001).

Conclusion 
Analysis of neuromodulation devices placed in 2009 and 2010 from 50% of neuromodulation
companies demonstrated that there was an income disparity between counties in which
implantation of devices occurred and counties in which there were no device implantations.

Categories: Neurology, Neurosurgery, Epidemiology/Public Health
Keywords: neuromodulation, household income, spinal cord stimulation, economic inequity, vagal
nerve stimulation, medical economics

Introduction
 Neuromodulation devices are used for the treatment of a variety of neurological
disorders. These devices have been approved by the United States Food and Drug
Administration for the treatment of one or more indications, and each device has data from one
or more randomized prospective clinical trials substantiating its efficacy. Neuromodulation
devices include the vagus nerve stimulator for epilepsy and depression, the deep brain
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stimulation for Parkinson’s disease, essential tremor, dystonia and obsessive-compulsive
disorder, the spinal cord stimulation for chronic intractable pain, and the intrathecal pump for
chronic intractable pain and spasticity [1-11]. The long-term benefits of many of these
therapies in reducing overall costs of care have been demonstrated [12-16]. All of these devices
have significant upfront costs that may present a barrier to their use. Any time that the cost of
therapy is high, there is a concern that inequities in its utilization will occur based on
socioeconomic factors.

Lower socioeconomic status has been correlated with lower utilization of general medical care,
non-neuromodulation implanted devices, and implanted neuromodulation devices [17-
30]. United States government health care policy has been developed with the intention of
delivering equal and comprehensive care to the entire population regardless of socioeconomic
or other factors [19]. However, cost control measures have necessarily led to expenditure
limitations, and these limitations have the potential to create a disparity in access between
patients with private insurance and patients who rely on government programs to pay for their
health care or who are completely uninsured. This study was designed to evaluate variability in
the utilization of neuromodulation devices based on socioeconomic factors. 

Materials And Methods
Data on stimulator implantations were obtained from two of the four companies producing FDA
approved neuromodulation devices at the time of the study. Company data were used rather
than data available on public websites, as it would represent a more comprehensive population,
not limited to Medicare or Medicaid payors. The data obtained from the companies include all
implanted patients in the period of analysis regardless of the method of payment for care or
inability to pay for care. Zipcodes from patients' living addresses were used as the county
location correlating with household income data, to reflect patients' socioeconomic status, as
opposed to the location of the implanting hospital. All four neuromodulation device companies
were contacted, Boston Scientific, Cyberonics, Medtronic Inc., and St. Jude Medical, with a
request for de-identified data grouped by county level. Two of the four companies provided
data, while the other two companies did not respond to our request. As such, the data reflect
the use of spinal cord stimulators and vagal nerve stimulators, but not deep brain stimulation.
The participating companies provided the number of stimulators sold in the United States in
the years 2009 and 2010 organized by county.

Population and average household income data are publicly available on the U.S. Census
website. We obtained these data from the website organized by county for the year 2010, the
most recent U.S. Census. Pearson correlation and t-test statistics were performed.

Results
The data analysis included 3142 U.S. counties. Of these counties, 689 had placement of
neuromodulation devices during the years 2009 and 2010. There was a statistically significant
difference in the average household income, between implanted patients' counties and those
counties without device implants (Figure 1, p<0.001). The average household income of the
counties in which neuromodulation devices were implanted was $49,663. The average
household income of counties that did not implant neuromodulation devices was $41,314. 

FIGURE 1: Average household income
Comparison of average household income in counties implanting stimulators, versus counties not
implanting stimulators
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Pearson correlations were performed on the data from the 689 counties that implanted
neuromodulation devices in the years 2009 and 2010. There was no correlation between
average household income and number of devices placed (Figure 2, p>0.01). There was a
negative correlation between average household income and devices placed per 1000
population (Figure 3, p<0.001). 

FIGURE 2: Number of implanted stimulators per county, versus
the average household income
Scatter plot depicting average household income and the number of stimulators implanted in 2009-
2010, for each of the 689 counties included in the study
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FIGURE 3: Implanted stimulators per 1000 people, versus
average household income
Scatter plot depicting the incidence (per 1000) of neurostimulator implantation in 2009-2010, versus
average household income for each of the 689 counties included in the study

Discussion
This analysis demonstrates a higher average household income in counties with
neuromodulation device implantations than in counties without implantations. This finding
would seem to suggest a disparity of access due to socioeconomic factors, however, there are
covariates of higher average household income that could be responsible for this effect. Higher
density urban areas tend to have higher household incomes commensurate with the higher cost
of living. Additionally, counties with higher populations are also more likely to have higher
acuity hospitals with subspecialty presence. With these presumptive correlations of population
density with income and access, any of these factors could be responsible for the income
disparity found between implanting and non-implanting counties. 

Based on the data, there was no statistically significant correlation between the average
household income and the number of devices implanted by county, however, there was
statistically significant negative correlation when implantations were normalized to the
population (per 1000). This finding would imply that high-income populations are actually less
likely to require device implantations. However, this conclusion is itself confounded by the
differential prevalence of various neuromodulation indications in income segments. 

The correlation between average household income and per capita device implantations in the
counties with implantations was negative. This could argue against a negative effect of lower
socioeconomic status on access to neuromodulation devices, but the finding is difficult to
explain. The highest population counties in the United States, Cook County, Illinois for
example, have some of the highest disparities in income. Therefore, the higher average
household income statistic in the county is driven by a small population of very high-income
households, but there is also a large population of low-income households. If the negative per
capita implantation correlation is driven by the larger population of low socioeconomic status
within those counties, the data would not appropriately demonstrate a disparity. 

Determining if there is any subtle effect of socioeconomic factors on the utilization of medical
technologies is especially important in the current environment of federal health care policies
moving toward universal coverage. One method to achieve universal coverage is the expansion
of Medicare to cover the uninsured. Medicare plans may not cover the entire cost of a high
priced device like a neuromodulation device. If the payer does not cover the entire cost of the
device, hospitals providing the surgical implantation may decide not to provide these
procedures. The findings of this study could be interpreted to indicate that this is occurring
now, and that medical systems in counties more reliant on Medicare services are not making
these devices available. This should encourage government payers to cover the costs
commensurate with the implantation of neuromodulation devices and provide equity in the
access to their benefits.

But what is the evidence for this? Is the disparity in access to neuromodulation devices by
average county income due to the difference in private insurance, public insurance and no
insurance, or is it an effect of lower income itself? One study demonstrated that health
insurance status had more influence than income on disparities in patient care [19]. A disparity
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in the resources of mammogram facilities was found between uninsured/publicly insured
patients and privately insured patients [18]. Lack of health insurance is associated with less
screening for breast and cervical cancer, and Medicaid and uninsured patients have higher
mortality following major surgery than privately insured patients [20-21]. Medicaid patients are
less likely than privately insured patients to get parenteral analgesics and sedatives in
emergency departments [22]. Medicaid and self-insured patients receive fewer pacemakers, and
Medicaid use, not low income, is associated with fewer deep brain stimulator implantations
[24,28]. These studies suggest that public insurance may be a barrier preventing patient access
to these technologies.

On the other hand, some studies have found income and other factors to be responsible for
disparities in care rather than insurance status. Patients with low financial status had fewer
reports of good service or collaborative care than patients with higher financial status
[23]. Economic status is frequently tied to geography, so many studies have found the two
factors intertwined in access to care. Patients in lower-income zipcodes are less likely to have a
referral for cochlear implant [26]. Disparities in access to stroke care fall along
geographic/economic and urban/rural lines, with low income and rural areas having less access
[17]. Studies have shown that both spinal cord stimulator surgery and deep brain stimulator
surgery are more common in urban than rural areas [29-30]. There is even a
geographic/economic disparity in deep brain stimulation surgery use among patients with
Medicare insurance where patients in higher socioeconomic zip codes are more likely to get
deep brain stimulation therapy [27]. A study in the Canadian health care system, which is a
publicly funded medical system, found a higher cardioverter-defibrillator implantation rate in
patients living in higher socioeconomic neighborhoods [25]. This is not due to inequity in
payment for these devices but rather represents more complex socioeconomic factors
underlying the disparity. 

Conclusions
This study demonstrates geographic variability in the utilization of neuromodulation
devices. There is some suggestion that this variability may fall along socioeconomic lines with
less utilization in lower socioeconomic areas. Other studies have demonstrated similar
disparities in medical care and have attributed them to insurance status, income, or both. The
preponderance of evidence in this direction indicates that more research is needed to
determine the underlying causes and greater efforts are needed to assure equity in patient care.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human
participants or tissue. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at
present or within the previous three years with any organizations that might have an interest in
the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. The Vagus Nerve Stimulation Study Group: A randomized controlled trial of chronic vagus

nerve stimulation for treatment of medically intractable seizures. Neurology. 1995, 45:224-
230. 10.1212/WNL.45.2.224

2019 Leiphart et al. Cureus 11(9): e5685. DOI 10.7759/cureus.5685 5 of 7

https://dx.doi.org/10.1212/WNL.45.2.224
https://dx.doi.org/10.1212/WNL.45.2.224


2. Rush AJ, Marangell LB, Sackeim HA, et al.: Vagus nerve stimulation for treatment-resistant
depression: a randomized, controlled acute phase trial. Biol Psychiatry. 2005, 58:347-354.
10.1016/j.biopsych.2005.05.025

3. Rush AJ, Sackeim HA, Marangell LB, et al.: Effects of 12 months of vagus nerve stimulation in
treatment-resistant depression: a naturalistic study. Biol Psychiatry. 2005, 58:355-363.
10.1016/j.biopsych.2005.05.024

4. The Deep Brain Stimulation for Parkinson's Disease Study Group: Deep-brain stimulation of
the subthalamic nucleus or the pars interna of the globus pallidus in Parkinson's disease. N
Engl J Med. 2001, 345:956-963. 10.1056/NEJMoa000827

5. Deuschl G, Schade-Brittinger C, Krack P, et al.: A randomized trial of deep-brain stimulation
for Parkinson's disease. N Engl J Med. 2006, 355:896-908. 10.1056/NEJMoa060281

6. Koller W, Pahwa R, Busenbark K, et al.: High-frequency unilateral thalamic stimulation in the
treatment of essential and parkinsonian tremor. Ann Neurol. 1997, 42:292-299.
10.1002/ana.410420304

7. Kupsch A, Benecke R, Muller J, et al.: Pallidal deep-brain stimulation in primary generalized
or segmental dystonia. N Engl J Med. 2006, 355:1978-1990. 10.1056/NEJMoa063618

8. Mallet L, Polosan M, Jaafari N, et al.: Subthalamic nucleus stimulation in severe obsessive-
compulsive disorder. N Engl J Med. 2008, 359:2121-2134. 10.1056/NEJMoa0708514

9. Kumar K, Taylor RS, Jacques L, et al.: Spinal cord stimulation versus conventional medical
management for neuropathic pain: a multicentre randomised controlled trial in patients with
failed back surgery syndrome. Pain. 2007, 132:179-188. 10.1016/j.pain.2007.07.028

10. Anderson VC, Burchiel KJ: A prospective study of long-term intrathecal morphine in the
management of chronic nonmalignant pain. Neurosurgery. 1999, 44:289-300.
10.1097/00006123-199902000-00026

11. Hoving MA, van Raak EP, Spincemaille GH, Palmans LJ, Becher JG, Vles JS: Efficacy of
intrathecal baclofen therapy in children with intractable spastic cerebral palsy: a randomised
controlled trial. Eur J Paediatr Neurol. 2009, 13:240-246. 10.1016/j.ejpn.2008.04.013

12. Manca A, Kumar K, Taylor RS, et al.: Quality of life, resource consumption and costs of spinal
cord stimulation versus conventional medical management in neuropathic pain patients with
failed back surgery syndrome (PROCESS trial). EurJ Pain. 2008, 12:1047-1058.
10.1016/j.ejpain.2008.01.014

13. Mekhail NA, Aeschbach A, Stanton-Hicks M: Cost benefit analysis of neurostimulation for
chronic pain. Clin J Pain. 2004, 20:462-468. 10.1097/00002508-200411000-00012

14. Spottke EA, Volkmann J, Lorenz D, et al.: Evaluation of healthcare utilization and health
status of patients with Parkinson's disease treated with deep brain stimulation of the
subthalamic nucleus. J Neurol. 2002, 249:759-766. 10.1007/s00415-002-0711-7

15. Helmers SL, Duh MS, Guerin A, et al.: Clinical outcomes, quality of life, and costs associated
with implantation of vagus nerve stimulation therapy in pediatric patients with drug-
resistant epilepsy. Eur J Paediatr Neurol. 2012, 16:449-458. 10.1016/j.ejpn.2012.01.001

16. Helmers SL, Duh MS, Guerin A, et.al.: Clinical and economic impact of vagus nerve
stimulation therapy in patients with drug-resistant epilepsy. Epilepsy Behav. 2011, 22:370-
375. 10.1016/j.yebeh.2011.07.020

17. Khan JA, Casper M, Asimos AW, et al.: Geographic and sociodemographic disparities in drive
times to Joint Commission-certified primary stroke centers in North Carolina, South Carolina,
and Georgia. Prev Chronic Dis. 2011, 8:A79.

18. Rauscher GH, Allgood KL, Whitman S, Conant E: Disparities in screening mammography
services by race/ethnicity and health insurance. J Womens Health (Larchmt). 2012, 21:154-
160. 10.1089/jwh.2010.2415

19. Lillie-Blanton M, Hoffman C: The role of health insurance coverage in reducing racial/ethnic
disparities in health care. Health Affairs (Project Hope). 2005, 24:398-408.
10.1377/hlthaff.24.2.398

20. LaPar DJ, Bhamidipati CM, Mery CM, et al.: Primary payer status affects mortality for major
surgical operations. Ann Surg. 2010, 252:544-550. 10.1097/SLA.0b013e3181e8fd75

21. Rodriguez MA, Ward LM, Perez-Stable EJ: Breast and cervical cancer screening: impact of
health insurance status, ethnicity, and nativity of Latinas. Ann Fam Med. 2005, 3:235-241.
10.1370/afm.291

22. Hostetler MA, Auinger P, Szilagyi PG: Parenteral analgesic and sedative use among ED
patients in the United States: combined results from the National Hospital Ambulatory

2019 Leiphart et al. Cureus 11(9): e5685. DOI 10.7759/cureus.5685 6 of 7

https://dx.doi.org/10.1016/j.biopsych.2005.05.025
https://dx.doi.org/10.1016/j.biopsych.2005.05.025
https://dx.doi.org/10.1016/j.biopsych.2005.05.024
https://dx.doi.org/10.1016/j.biopsych.2005.05.024
https://dx.doi.org/10.1056/NEJMoa000827
https://dx.doi.org/10.1056/NEJMoa000827
https://dx.doi.org/10.1056/NEJMoa060281
https://dx.doi.org/10.1056/NEJMoa060281
https://dx.doi.org/10.1002/ana.410420304
https://dx.doi.org/10.1002/ana.410420304
https://dx.doi.org/10.1056/NEJMoa063618
https://dx.doi.org/10.1056/NEJMoa063618
https://dx.doi.org/10.1056/NEJMoa0708514
https://dx.doi.org/10.1056/NEJMoa0708514
https://dx.doi.org/10.1016/j.pain.2007.07.028
https://dx.doi.org/10.1016/j.pain.2007.07.028
https://dx.doi.org/10.1097/00006123-199902000-00026
https://dx.doi.org/10.1097/00006123-199902000-00026
https://dx.doi.org/10.1016/j.ejpn.2008.04.013
https://dx.doi.org/10.1016/j.ejpn.2008.04.013
https://dx.doi.org/10.1016/j.ejpain.2008.01.014
https://dx.doi.org/10.1016/j.ejpain.2008.01.014
https://dx.doi.org/10.1097/00002508-200411000-00012
https://dx.doi.org/10.1097/00002508-200411000-00012
https://dx.doi.org/10.1007/s00415-002-0711-7
https://dx.doi.org/10.1007/s00415-002-0711-7
https://dx.doi.org/10.1016/j.ejpn.2012.01.001
https://dx.doi.org/10.1016/j.ejpn.2012.01.001
https://dx.doi.org/10.1016/j.yebeh.2011.07.020
https://dx.doi.org/10.1016/j.yebeh.2011.07.020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136973/
https://dx.doi.org/10.1089/jwh.2010.2415
https://dx.doi.org/10.1089/jwh.2010.2415
https://dx.doi.org/10.1377/hlthaff.24.2.398
https://dx.doi.org/10.1377/hlthaff.24.2.398
https://dx.doi.org/10.1097/SLA.0b013e3181e8fd75
https://dx.doi.org/10.1097/SLA.0b013e3181e8fd75
https://dx.doi.org/10.1370/afm.291
https://dx.doi.org/10.1370/afm.291
https://dx.doi.org/10.1053/ajem.2002.31578


Medical Care Survey (NHAMCS) 1992-1997. Am J Emerg Med. 2002, 20:83-87.
10.1053/ajem.2002.31578

23. Wasson JH, Benjamin R: Postscript: health disparity and collaborative care . J Ambul Care
Manage. 2006, 29:233-234.

24. Hreybe H, Saba S: Effects of race and health insurance on the rates of pacemaker
implantation for complete heart block in the United States. Am J Card. 2004, 227-229.
10.1016/j.amjcard.2004.03.071

25. Udell JA, Juurlink DN, Kopp A, Lee DS, Tu JV, Mamdani MM: Inequitable distribution of
implantable cardioverter defibrillators in Ontario. Int J Technol Assess Health Care. 2007,
23:354-361. 10.1017/S0266462307070389

26. Wiley S, Meinzen-Derr J: Access to cochlear implant candidacy evaluations: who is not
making it to the team evaluations?. Int J Audiol. 2009, 48:74-79. 10.1080/14992020802475227

27. Willis AW, Schootman M, Kung N, Wang XY, Perlmutter JS, Racette BA: Disparities in deep
brain stimulation surgery among insured elders with Parkinson disease. Neurology. 2014,
82:163-171. 10.1212/WNL.0000000000000017

28. Chan AK, McGovern RA, Brown LT, et al.: Disparities in access to deep brain stimulation
surgery for Parkinson disease: interaction between African American race and Medicaid use.
JAMA Neurol. 2014, 71:291-299. 10.1212/WNL.0000000000000017

29. Lad SP, Kalanithi PS, Patil CG, et al.: Socioeconomic trends in deep brain stimulation (DBS)
surgery. Neuromodulation. 2010, 13:182-186. 10.1111/j.1525-1403.2010.00278.x

30. Lad SP, Kalanithi PS, Arrigo RT, Patil CG, Nathan JK, Boakye M, Henderson JM: A
socioeconomic survey of spinal cord stimulation (SCS) surgery. Neuromodulation. 2010:265-
268. 10.1111/j.1525-1403.2010.00292.x

2019 Leiphart et al. Cureus 11(9): e5685. DOI 10.7759/cureus.5685 7 of 7

https://dx.doi.org/10.1053/ajem.2002.31578
https://journals.lww.com/ambulatorycaremanagement/Fulltext/2006/07000/Postscript__Health_Disparity_and_Collaborative.10.aspx
https://dx.doi.org/10.1016/j.amjcard.2004.03.071
https://dx.doi.org/10.1016/j.amjcard.2004.03.071
https://dx.doi.org/10.1017/S0266462307070389
https://dx.doi.org/10.1017/S0266462307070389
https://dx.doi.org/10.1080/14992020802475227
https://dx.doi.org/10.1080/14992020802475227
https://dx.doi.org/10.1212/WNL.0000000000000017
https://dx.doi.org/10.1212/WNL.0000000000000017
https://dx.doi.org/10.1212/WNL.0000000000000017
https://dx.doi.org/10.1212/WNL.0000000000000017
https://dx.doi.org/10.1111/j.1525-1403.2010.00278.x
https://dx.doi.org/10.1111/j.1525-1403.2010.00278.x
https://dx.doi.org/10.1111/j.1525-1403.2010.00292.x
https://dx.doi.org/10.1111/j.1525-1403.2010.00292.x

	Economic Inequities in the Application of Neuromodulation Devices
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	FIGURE 1: Average household income
	FIGURE 2: Number of implanted stimulators per county, versus the average household income
	FIGURE 3: Implanted stimulators per 1000 people, versus average household income

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


