
The prevalence, costs, and disability associated with chronic pain continue to escalate. 
So too, the numerous modalities of treatments applied in managing these patients 
continue to increase as well. In the period from 2000 to 2011 interventional techniques 
increased 228%. In addition, analysis of utilization trends and expenditures for spinal 
interventional techniques alone from 2000 to 2008 illustrated an increase in Medicare 
fee-for-service expenditures of 240% in terms of dollars spent in the United States. The 
Office of Inspector General (OIG) of the Department of Health and Human Services 
showed an increase in facet joint and transforaminal epidural injections, with a 
significant proportion of these services did not meet the medical necessity criteria.

The increasing utilization of interventional techniques is also associated with significant 
variations among specialty groups and regional variations among states. Overall 
procedures have increased by 173%, with rate of 130% per 100,000 Medicare 
beneficiaries for epidural injections; 383%, with a rate of 308% for facet joint 
interventions; and overall 410%, or a rate of 331% for sacroiliac joint interventions. 
Certain high volume interventions such as lumbar transforaminal epidural injections 
and lumbar facet joint neurolysis have actually increased a staggering 806% and 662%.

Coverage policies across ambulatory settings and by multiple payers are highly 
variable. Apart from variability in the development of coverage policies, payments also 
substantially vary by site of service. In general, amongst the various ambulatory settings 
the highest payments are made to hospital outpatient departments (HOPDs)  the lowest 
to in-office procedures, and payment to ambulatory surgery centers (ASCs) falling 
somewhere in the middle.

This manuscript describes the many differences that exist between the various settings, 
and includes suggestions for accountable interventional pain management with 
coverage for techniques with evidence, addressing excessive use of specific techniques, 
and equalizing payments across multiple ambulatory settings.
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related to chronic pain including low back pain, 
other musculoskeletal disorders and neck pain. The 
costs of managing spinal pain are exploding and 
various interventions range from simple instructions 
for exercises to complex fusions (15-46). Despite the 

The economic impact and growing prevalence 
of chronic pain, specifically spinal pain is 
substantial, not only in the United States, but 

across the globe (1-14). In 2010, 3 of the five disorders 
that contributed most years lived with disability were 
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increasing costs and modalities, disability continues 
to rise (15-46). Consequently, spinal interventional 
techniques are one of the prominent and extensively 
used interventions even though surgical interventions 
continue to be the most expensive interventions (41-
43,47-49). The focus of this manuscript is interventional 
techniques. 

An assessment of the utilization of interventional 
techniques in managing chronic pain in the Medicare 
population in the fee-for-service sector showed an 
overall increase of 228% and 177% per 100,000 Medi-
care beneficiaries from 2000 to 2011 (42). The analysis 
of utilization trends and expenditures for spinal inter-
ventional techniques alone (41) from 2000 to 2008 il-
lustrated Medicare fee-for-service expenditures in 2000 
were $362,347,025, which increased to $1,231,180,420 
in 2008, a 240% increase, in contrast to the increase in 
prevalence of procedures which increased 228.6%. This 
analysis showed an increase in per patient cost as well 
as per procedure cost. Per patient cost increased from 
$833.17 in 2000 to $1,188.93 in 2008, a 43% increase; 
whereas the per visit cost increased from $409.91 to 
$526.12, a 28% increase; however, per procedure in-
creases were minimal with 3% from $300.07 to $310.26. 
Per patient costs increased the highest in hospital outpa-
tient departments (HOPDs) from $718.81 to $1,354.95, 
an increase of 88%, whereas, per visit increased 83%, 
from $369.15 to $675.46, and per procedure increased 
63%, from $278.13 to $452.25. In contrast, ambulatory 
surgery center (ASC) costs decreased per patient by 5% 
to 25%, and in-office procedures showed decreases per 
procedure from $236.08 to $194.28, an 18% decrease, 
while per patient expenditures increased 19%, and per 
visit expenditures increased 6%. 

Similarly, the Office of Inspector General (OIG) of 
the Department of Health and Human Services (49,50) 
showed an increase of Medicare payments for facet 
joint injections from $141 million in 2003 to $307 mil-
lion in 2006 and for transforaminal epidural injections 
from $57 million in 2003 to $141 million in 2007. 

Interventional pain management is narrowly 
defined by the National Uniform Claims Committee 
(NUCC) as the discipline of medicine devoted to the 
diagnosis and treatment of pain-related disorders 
principally with the application of interventional 
techniques in managing subacute, chronic, persistent, 
and intractable pain, independently or in conjunction 
with other modalities of treatments (51). The Medicare 
Payment Advisory Commission (MedPAC) defined in-
terventional techniques as being limited to minimally 

invasive procedures including: percutaneous precision 
needle placement, with the placement of drugs in tar-
geted areas or ablation of targeted nerves; and some 
surgical techniques for the diagnosis and management 
of chronic, persistent, or intractable pain such as laser 
or endoscopic diskectomy, intrathecal infusion pumps, 
and spinal cord stimulators (52). In addition, interven-
tional pain management also has been designated with 
a separate practice expense which is different from the 
primary specialties of anesthesiology, physiatry, neurol-
ogy, and psychiatry (53), and which highlights rapidly 
increasing expenses for this emerging and growing spe-
cialty (54,55).

In reference to chronic pain, the Institute of Medi-
cine (IOM) (1) , based on a study by Gaskin and Richard 
(2) reported that more than 100 million Americans are 
afflicted with pain that persists for weeks to years, with 
financial costs ranging from $560 billion to $630 bil-
lion per year. Among these projected costs, however, 
approximately $100 billion are attributed to moderate 
and severe pain, with the remaining expenses attribut-
ed to joint pain, arthritis, and functional disability, etc. 
Martin et al (13,14), in an evaluation of the health care 
expenditures in the United States in 2005 for treating 
back and neck problems, found that these expenditures 
totaled approximately $86 billion, with an increase of 
65% between 1997 and 2005 and an increase of 49% 
in the number of patients seeking spine-related care. 
Apart from interventional techniques, there continues 
to be enormous costs and disability associated with 
chronic pain including reduced functioning, overuse 
of opioids, and related fatalities (7-15). Not surpris-
ingly, the United States continues to perform more 
interventions and spends more per capita on health 
care than any other country (3,56-60).The diagnosis, 
identification and prevalence of chronic pain continue 
to increase (3-6). Most importantly, Freburger et al (4), 
during an evaluation in North Carolina, showed signifi-
cant increases in low back pain prevalence from 3.9% 
in 1992 to 10.2% in 2006, a 162% increase over this 
period.

As it is discussed on a daily basis, not only are U.S. 
health care costs high, they pose a growing burden on 
families and businesses and a threat to the fiscal stability 
of the government (61,62). The Patient Protection and 
Affordable Care Act (ACA), also known as Obamacare, 
expands eligibility for Medicaid, creates new subsidies 
for coverage for large numbers of the uninsured, and 
changes the terms under which insurance can be sold 
to persons in the non-group market (61,63,64). Obam-
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acare also contains roughly 165 provisions that affect 
the Medicare program by reducing costs, improving 
benefits, combatting fraud and abuse, and initiating a 
major program of research and development to iden-
tify alternative provider payment mechanisms, health 
care delivery systems, and other changes intended to 
improve the quality of health care and reduce costs 
(65,66). Much of the federal spending amount of $1.2 
trillion through 2012 is offset primarily through reduc-
tions in Medicare provider payments (67). However, 
the trustees of Medicare are skeptical in reference to 
the ability to achieve productivity improvements at a 
faster rate than experienced historically (65). Because 
of a possible failure to transition by the health care 
sector to a more efficient model of care delivery and 
achieve productivity increases that are commensurate 
with economy-wide productivity, the financial outlook 
for Medicare is uncertain. Some provisions of the cur-
rent law that are designed to reduce expenditures 
may in fact be difficult to sustain. Multiple proposals 
for re-engineering U.S. health care (68) and a bridging 
of the divide between health and health care delivery 
(69) go beyond what is included in the ACA. These 
changes include multiple recommendations by MedPAC 
(70). However, since Medicare has become a standard 
and in spite of being larger than any other insurance 
(provider) is still expanding, all other payers, specifically 
Medicaid with its expansion, base their decisions on the 
policies of Medicare. However, Medicaid and other pay-
ers also have other options to reduce expenses, which 
may result in reduced coverage and access beyond the 
principles applied by Medicare. 

Medicare presented its report to Congress (70) to 
align Medicare payments in ambulatory settings with 
achievable savings of approximately $4 billion per year. 
Interventional techniques are a part of the reform rec-
ommended by MedPAC. 

Multiple measures are applied by insurers and 
various governmental agencies across the globe to get a 
handle on exploding health care costs, specifically costs 
of chronic pain management with a focus on interven-
tional techniques, essentially involving the patients and 
providers in shared decision-making and value-based 
interventional pain management (56). As an emerging 
specialty, interventional pain management encounters 
multiple problems of disproportionate magnitude com-
pared to established medical specialties and it is difficult 
to assess for payers and regulators the appropriateness 
of interventional techniques in managing chronic pain. 
This review is undertaken to provide a broad overview 

of accountable, interventional pain management 
in general, and spinal interventional techniques in 
particular. 

1.0 InterventIonal technIques

The increasing utilization of interventional tech-
niques has been criticized as inappropriate, despite 
significant advances illustrating the clinical and cost 
effectiveness of interventional techniques when appro-
priately performed with the establishment of multiple 
randomized trials, systematic reviews, and guidelines 
(12,41-43,56,71-100). Furthermore, the available 
evidence documents a wide range of variations in 
the definition of the practice of medicine in general 
and interventional pain management in particular (1-
3,56). There is growing evidence of a disproportionate 
increase in interventional techniques as compared to 
other interventions. However, specific patterns of in-
creases have been under appreciated (41,43). 

Overall, there have been significant variations and 
increases in procedures with geographic and specialty 
variations as illustrated in Tables 1 – 4 and Figures 1 
and 2. 

Further analysis of various spinal interventional 
techniques shows interesting trends (101-103). The evi-
dence indicates that there has been an overall, the in-
crease in interventions of 177% per 100,000 Medicare 
fee-for-service population with the highest increases 
seen for sacroiliac joint injections at 331% (103), facet 
joint interventions at 308% (102), epidurals at 130% 
(101). The data also shows how certain specialties have 
increased their utilization compared to others. 

1.1 Epidural Injections
Epidural injections are the most commonly per-

formed procedures in interventional pain manage-
ment, comprising 46% of all interventional techniques 
excluding implantables, trigger point injections, 
intraarticular injections, and vertebral augmentation 
procedures in 2011. 

As shown in Table 5, epidural injections showed an 
overall increase of 173% or 130% per 100,000 Medi-
care beneficiaries with an annual increase of 9.5% or 
7.5% from 2000 to 2011 (101). The most commonly 
performed procedures, CPT 62311 lumbosacral inter-
laminar or caudal epidural injections have increased 
25% during this same period, with an annual increase 
of 2%, increasing from 1,560 per 100,000 Medicare 
beneficiaries in 2000 to 1,949 in 2011 (101). Cervical 
and thoracic interlaminar epidural injections also in-



Pain Physician: November/December 2013; 16:E635-E670

E638  www.painphysicianjournal.com

Table 1. Summary of  the frequency of  utilization of  various categories of  interventional procedures in the Medicare population from 
2000 to 2011.

Epidural and 
adhesiolysis 
procedures

Facet joint 
interventions

and SI joint blocks

Disc Procedures
(discography 

& disc 
decompression)

Other types of  nerve 
blocks

Total*

Services Rate Services Rate Services Rate Services Rate Services Rate

2000 860,787
(79%) 2,172 424,796

(67%) 1,072 14,983
(87%) 38 168,929

(42%) 426 1,469,495
(72%) 3,708 

2001 1,013,552
(78%) 2,531 543,509

(62%) 1,357 17,229
(87%) 43 186,166

(38%) 465 1,760,456
(69%) 4,396 

2002 1,199,324
(74%) 2,961 708,186

(58%) 1,748 20,194
(81%) 50 255,348

(30%) 630 2,183,052
(64%)  5,390 

2003 1,370,862
(71%) 3,333 884,035

(53%) 2,150 24,362
(80%) 59 280,064

(27%) 681 2,559,323
(60%) 6,223 

2004 1,637,494
(65%) 3,924 1,354,242

(46%) 3,245 24,263
(79%) 58 319,048

(26%) 765 3,335,047
(54%) 7,992 

2005 1,776,153
(65%) 4,180 1,501,222

(47%) 3,533 27,950
(78%) 66 355,374

(26%) 836 3,660,699
(54%) 8,614 

2006 1,870,440
(63%) 4,316 1,896,688

(40%) 4,376 27,432
(75%) 63 351,564

(26%) 811 4,146,124
(49%) 9,567 

2007 1,940,454
(62%) 4,384 1,820,695

(46%) 4,113 25,688
(73%) 58 324,290

(30%) 733 4,111,127
(52%) 9,288 

2008 2,041,155
(61%) 4,495 1,974,999

(46%) 4,349 27,735
(70%) 61 389,522

(29%) 858 4,433,411
(51%) 9,763 

2009 2,136,035
(59%) 4,664 2,111,700

(46%) 4,611 25,929
(69%) 57 372,015

(67%) 812 4,645,679
(49%) 10,143 

2010 2,226,486
(57%) 4,746 1,937,582

(48%) 4,130 22,003
(62%) 47 392,906

(34%) 838 4,578,977
(52%) 9,760 

2011 2,309,906
(58%) 4,923 2,064,227

(50%) 4,400 19,104
(61%) 41 422,436

(66%) 900 4,815,673
(48%)  10,264 

Overall 
Change 168% 127% 386% 310% 28% 8% 150% 111% 228% 177%

Annaul 
Change 9.40% 7.7% 15.50% 13.7% 2.20% 0.7% 8.7% 7.0% 11.4% 9.7%

Rate - IPM services per 100,000 Medicare Beneficiaries 
( )facility percentage
*(Excluding continuous epidurals, intraarticular injections, trigger point and ligament injections, peripheral nerve blocks, vertebral augmentation 
procedures, and implantables)

creased substantially from 2000 to 2011 by 123% per 
100,000 Medicare fee-for-service beneficiaries, with 
an annual increase rate of 7.6% (101). The startling 
statistics are related to cervical and thoracic transfo-
raminal epidural injections (CPT 64479 and CPT 64480) 
with an increase rate of 142%, with an annual increase 
of 8.4% (101). Major fatalities have been described 
with transforaminal epidural injections, specifically 
with cervical and thoracic transforaminal epidural 
injections, without increased clinical effectiveness 
(78,79,104-132). Despite the fact that many physicians 
have ceased providing these procedures and basi-

cally no existing evidence either for their diagnostic 
or therapeutic purposes, the overall number of proce-
dures performed continues to increase. Above all, it is 
even more striking and disconcerting that lumbosacral 
transforaminal epidurals (CPT 64483 and CPT 64484) 
have increased at a rate of 665% (overall 806%), with 
an annual rate of 22.2% or 20.3%, increasing from 
309 to 2,364 from 2000 to 2011, exceeding CPT 62311 
with 1,949 per 100,000 Medicare beneficiaries in 2011 
(101). Thus, lumbar transforaminals and other explo-
sively increasing procedures, namely lumbar radiofre-
quency with a rate of 544% or overall 662% increase 
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Table 2. Frequency of  utilization of  interventional pain management techniques from 2000 to 2011, in Medicare recipients.

Specialty

Interventional 
Pain Management  

(interventional 
pain management, 

pain medicine, 
anesthesiology, 

physiatry, 
neurology, and 

psychiatry) 

Surgical 
(neuro & 

orthopedic) 

Radiology 
(interventional  & 

diagnostic) 
Other 

Physicians

Other Providers 
(CRNA, NP & 

PA)
Total

Services Rate Services Rate Services Rate Services Rate Services Rate Services* Rate

2000 1,176,541
(80.1%) 2,969 84,392

(5.7%) 213 40,491
(2.8%) 102 152,834

(10.4%) 386 15,237
(1.0%) 38 1,469,495 3,708

2001 1,389,569
(78.9%) 3,470 98,037

(5.6%) 245 48,978
(2.8%) 122 203,348

(11.6%) 508 20,524
(1.2%) 51 1,760,456 4,396

2002 1,755,521
(80.4%) 4,334 115,497

(5.3%) 285 62,295
(2.9%) 154 226,776

(10.4%) 560 22,963
(1.1%) 57 2,183,052 5,390

2003 2,098,053
(82.0%) 5,102 126,040

(4.9%) 306 77,160
(3.0%) 188 236,135

(9.2%) 574 21,935
(0.9%) 53 2,559,323 6,223

2004 2,718,622
(81.5%) 6,515 160,035

(4.8%) 384 91,892
(2.8%) 220 338,339

(10.1%) 811 26,519
(0.8%) 64 3,335,047 7,992

2005 2,976,908
(81.3%) 7,005 174,261

(4.8%) 410 101,586
(2.8%) 239 377,014

(10.3%) 887 30,930
(0.8%) 73 3,660,699 8,614

2006 3,196,190
(77.1%) 7,375 192,971

(4.7%) 445 110,472
(2.7%) 255 608,444

(14.7%) 1,404 38,047
(0.9%) 88 4,146,124 9,567

2007 3,405,892
(82.8%) 7,695 205,178

(5.0%) 464 111,423
(2.7%) 252 349,013

(8.5%) 788 39,621
(1.0%) 90 4,111,127 9,288

2008 3,670,828
(82.8%) 8,083 232,405

(5.2%) 512 117,388
(2.6%) 258 369,597

(8.3%) 814 43,193
(1.0%) 95 4,433,411 9,763

2009 3,879,520
(83.5%) 8,470 262,496

(5.7%) 573 123,228
(2.7%) 269 335,669

(7.2%) 733 44,766
(1.0%) 98 4,645,679 10,143

2010 3,917,426
(85.6%) 8,350 213,844

(4.7%) 456 121,127
(2.6%) 258 274,711

(6.0%) 586 51,869
(1.1%) 111 4,578,977 9,760

2011 4,159,585
(86.4%) 8,866 197,624

(4.1%) 421 127,614
(2.6%) 272 268,358

(5.6%) 572 62,492
(1.3%) 133 4,815,673 10,264

Overall
Change 254% 199% 134% 98% 215% 166% 76% 48% 310% 246% 228% 177%

Annual 
change 12.2% 10.5% 8.0% 6.4% 11.0% 9.3% 5.3% 3.6% 13.7% 12.0% 11.4% 9.7%

Rate - IPM services per 100,000 Medicare Beneficiaries 
( )percentage of row total
*(Excluding continuous epidurals, intraarticular injections, trigger point and ligament injections, peripheral nerve blocks, vertebral augmenta-
tion procedures, and implantables)

(102) and lumbar facet joint injections with 228% 
(102), have increased and overtaken most commonly 
performed procedures CPT 62311. Some of the reasons 
include that transforaminal epidural injections have 

been promoted as target specific interventions and 
more effective than caudal or interlaminar epidural 
injections, despite the lack of proven evidence (12,77-
79,81-84).Occasional fatal complications related to 
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Table 3. Spinal interventional techniques* per 100,000 Medicare recipients by state from 2000 to 2010.

State  2000  2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Overall 
Change

Average
Change

Alabama 5,348 7,163 8,379 9,685 10,823 13,947 11,537 10,869 11,194 11,642 11,921 123% 8%

Alaska 1,618 2,328 2,359 3,477 5,884 5,396 7,731 6,373 5,460 5,022 5,299 227% 13%

Arizona 3,157 3,501 3,644 4,942 6,486 7,211 7,032 7,581 9,242 10,734 11,309 258% 14%

Arkansas 3,692 4,155 4,546 4,878 6,839 8,324 9,446 11,569 12,463 11,998 11,408 209% 12%

California 2,409 2,679 3,809 3,891 4,793 5,271 5,717 6,284 6,787 7,167 6,872 185% 11%

Colorado 2,777 3,402 4,040 4,223 5,031 6,528 6,983 7,366 6,322 6,556 6,765 144% 9%

Connecticut 1,176 1,437 2,176 2,550 3,626 4,016 5,041 5,705 5,765 5,756 5,884 400% 17%

DC 1,859 1,285 2,454 2,466 4,183 3,301 3,786 4,670 44,518 46,822 48,544 2512% 39%

Delaware 2,444 2,896 4,054 4,962 7,147 7,264 9,239 9,442 9,528 8,458 8,381 243% 13%

Florida 5,398 6,533 8,019 10,056 12,206 16,002 24,742 16,897 15,480 14,767 12,966 140% 9%

Georgia 3,764 4,731 6,292 6,371 8,311 10,002 8,965 10,784 11,992 13,559 12,080 221% 12%

Hawaii 581 1,058 1,238 1,512 1,778 1,592 1,730 1,373 1,309 1,302 1,621 179% 11%

Idaho 3,297 4,485 5,498 5,234 7,477 7,473 6,687 5,751 6,412 6,860 6,635 101% 7%

Illinois 2,822 3,987 4,607 5,176 6,190 7,309 7,202 8,098 8,102 8,793 8,080 186% 11%

Indiana 3,706 4,768 5,904 6,795 7,957 8,197 8,799 8,756 10,070 10,060 10,295 178% 11%

Iowa 3,843 5,242 5,482 4,756 5,860 6,365 6,932 6,535 5,802 5,665 5,690 48% 4%

Kansas 3,781 4,899 5,347 7,372 7,895 9,291 9,511 8,896 9,480 9,765 9,864 161% 10%

Kentucky 3,593 4,840 5,120 6,468 7,640 8,082 8,594 8,796 9,715 9,907 9,786 172% 11%

Louisiana 2,091 3,158 4,429 5,224 7,285 8,838 9,286 8,913 10,282 10,162 10,046 380% 17%

Maine 2,310 3,201 3,424 4,155 4,596 4,699 5,387 5,443 5,481 5,690 5,651 145% 9%

Maryland 2,336 3,578 4,380 5,228 6,420 7,703 8,087 8,613 8,582 8,454 8,067 245% 13%

Massachusetts 1,799 2,407 2,933 3,501 4,174 5,302 5,924 6,467 6,304 6,816 7,268 304% 15%

Michigan 4,381 5,533 7,600 7,975 9,892 12,656 12,851 13,228 12,725 13,489 12,971 196% 11%

Minnesota 1,947 2,371 3,078 3,564 4,221 4,653 4,876 4,943 4,633 4,834 4,615 137% 9%

Mississippi 3,670 4,695 6,217 6,201 8,144 9,584 9,358 10,797 9,978 11,843 11,015 200% 12%

Missouri 3,816 4,557 6,142 6,275 7,017 7,893 9,762 9,359 10,693 11,250 11,164 193% 11%

Montana 3,935 5,034 5,618 6,290 6,911 7,527 8,027 7,627 7,109 7,208 6,204 58% 5%

Nebraska 3,462 4,060 4,330 5,032 5,069 6,543 6,695 6,891 6,660 7,081 6,647 92% 7%

Nevada 2,352 2,930 4,453 5,122 5,908 6,476 6,004 8,523 9,079 9,879 10,701 355% 16%

New 
Hampshire 2,952 4,007 4,695 5,146 6,054 6,982 7,795 7,596 8,145 9,010 9,971 238% 13%

New Jersey 3,260 3,730 4,284 4,418 4,853 5,827 6,172 5,999 6,724 6,675 6,844 110% 8%

New Mexico 2,031 2,986 2,946 4,590 5,430 6,292 5,968 6,872 5,819 5,885 6,035 197% 12%

New York 1,853 2,464 3,199 3,755 4,846 5,479 5,417 5,654 5,329 5,105 5,133 177% 11%

North 
Carolina 2,684 3,794 4,840 5,674 6,526 7,965 8,496 8,970 9,321 9,613 9,147 241% 13%

North Dakota 2,268 3,200 4,728 5,464 5,621 5,420 6,126 5,773 7,163 7,596 7,262 220% 12%

Ohio 2,970 3,244 4,292 4,774 5,566 6,662 8,254 8,827 7,990 8,602 8,377 182% 11%

Oklahoma 3,749 4,199 5,221 4,654 5,798 6,846 7,298 7,457 7,982 8,782 8,697 132% 9%

Oregon 1,042 1,287 1,619 2,350 2,456 3,529 3,093 3,344 3,682 3,943 3,960 280% 14%

Pennsylvania 2,953 3,876 4,457 4,915 5,696 6,552 6,806 6,958 6,483 6,164 6,335 115% 8%

Rhode Island 1,445 1,897 2,371 2,725 2,880 3,670 4,631 5,302 7,081 6,716 7,281 404% 18%

South Carolina 3,892 5,918 5,286 7,029 8,355 9,966 10,843 10,666 16,824 17,669 17,232 343% 16%

South Dakota 3,332 3,166 3,926 3,433 5,122 6,276 7,705 7,775 10,321 11,214 9,526 186% 11%

Tennessee 3,442 4,362 5,292 5,482 6,611 7,667 8,238 8,666 10,693 10,854 10,539 206% 12%
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*  Spinal interventional techniques included Epidural procedures, Percutaneous adhesiolysis, Facet joint interventions and Sacroiliac joint inter-
ventions. From 2000 to 2007 based on 5% data and 2008 – 2010 based on 100% data.

State  2000  2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Overall 
Change

Average
Change

Texas 3,803 5,549 6,772 7,401 8,822 10,584 12,239 12,714 14,287 15,011 12,931 240% 13%

Utah 3,358 4,468 5,771 5,885 7,965 9,046 9,628 9,801 9,579 10,159 10,429 211% 12%

Vermont 2,673 2,421 2,495 4,379 5,638 5,712 6,040 5,079 5,330 5,692 5,463 104% 7%

Virginia 2,694 3,798 4,527 4,812 5,373 5,827 6,757 6,925 6,312 6,708 6,331 135% 9%

Washington 1,802 2,319 3,304 3,343 4,068 4,673 4,509 4,626 5,278 5,642 5,382 199% 12%

West Virginia 2,451 2,866 2,983 3,868 5,038 5,549 6,432 5,929 5,459 6,025 6,214 154% 10%

Wisconsin 3,487 4,242 5,820 5,729 6,117 6,635 7,028 6,417 7,170 7,154 6,999 101% 7%

Wyoming 3,301 4,606 5,582 5,803 5,853 8,075 7,984 7,286 6,342 6,516 6,797 106% 7%

Total 3,047 3,884 4,678 5,391 6,510 7,629 8,721 8,489 8,844 9,354 9,170 201% 12%

Table 3 (cont.). Spinal interventional techniques* per 100,000 Medicare recipients by state from 2000 to 2010.

Fig. 1. Illustration of  distribution of  procedural characteristics by type of  procedures from 2000 to 2011.

lumbar transforaminal epidural injections have been 
ignored (12,109-111,113-116,125-128). Despite warn-
ings and recommendations highlighted in the OIG re-
port (50), transforaminal epidural injections continue 
to increase substantially. Thus, the OIG report (50) did 
not, have any effect on the utilization patterns, ap-
propriateness of indications and medical necessity for 
lumbar transforaminal epidural injections.

In addition, these analyses (41,42,56,101) also 
showed significant variations based on states and spe-
cialties as shown in Tables 6 and 7. As shown in Table 6, 
significant variations were noted with increases of over 
5% in Michigan, Arizona, New Hampshire, and the Dis-
trict of Columbia annually from 2008 to 2010. However, 
while the majority of the states showed small increases, 
some states including Alabama, Nebraska, Wyoming, 
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and Rhode Island showed significant annual decreases of 
more than 3% from 2008 to 2010.

As shown in Table 7 with reference to the frequency of 
utilization, based on specialties, significant increases were 
noted, such as 634% from 2000 to 2011 and an annual 
increase of 19.9% for the physical medicine and rehabilita-
tion specialty, even though many of these physicians have 
enrolled in interventional pain management and pain 
medicine. The anesthesiology specialty, however, still con-
tinues to dominate with a total proportion of procedures 
of 31% in 2011, and a total of increase of 13%, again de-
spite the enrollment of physicians practicing pain manage-
ment in the specialties of interventional pain management 
and pain medicine. Overall, the radiology specialty also 
increased their utilization by 284% total and 13% annu-
ally from 2000 to 2011; however, their numbers constituted 
only 3.8% of all the procedures in 2011. 

1.2 Facet Joint Interventions
Facet joint interventions as a category are the second 

most commonly performed procedures constituting 38% 
of all interventional techniques in 2011, excluding implant-
ables, trigger point injections, intraarticular injections, ver-
tebral augmentation procedures. Variations for facet joint 
interventions based on utilization patterns, regional, and 
specialty variations are even more common.

As shown in Table 8, the overall increase in facet joint 
interventions was 383% at a rate of 308% and an annual 
increase of 13.6% from 2000 to 2011 per 100,000 Medicare 
beneficiaries in fee-for-service recipients. All types of facet 
joint interventions increased at an unsustainable growth 
rate, starting with lumbosacral facet joint blocks at the 
minimum of 289%, with an annual increase of 13.1%; fol-
lowed by cervical and thoracic facet joint blocks with 444%, 
and an annual rate of 16.6%; leading to lumbosacral facet 
neurolysis with an explosive increase of 544%, and an an-
nual increase of 18.4% (with a large number of services), 
and surprisingly an even higher growth rate for cervical/
thoracic facet neurolysis with 836% or an annual growth 
of 22.5% (with a smaller number of services). Lumbosacral 
facet joint blocks still continue to exceed all other facet 
joint interventions (55% of total facet joint procedures in 
2011). However, lumbosacral facet joint neurolysis proce-
dures that were performed at a rate of 135 in 2000 have 
increased to 866 in 2011 occupying 22.5% of total proce-
dures in 2011. Cervical/thoracic facet neurolysis increased 
by 836%, from 22 in 2000 to 208 per 100,000 Medicare 
beneficiaries in 2011.

There have been substantial variations among the 
utilization patterns by state and based on specialties. As 
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Fig. 2. Utilization of  interventional pain management techniques by speciality from 2000 to 2011, in Medicare recipients. 

Table 5. Utilization of  epidural injections in the Medicare population from 2000 to 2011.

Year

Interlaminar Epidurals
Transforaminal Epidurals

Total Epidural 
Injections

Cervical/Thoracic Lumbar/Sacral

Cervical/Thoracic 
CPT 62310

Lumbar/Sacral
CPT 62311

CPT 
64479

CPT 
64480 Total CPT

64483
CPT 

64484 Total

Services Rate Services Rate Services Services Services Rate Services Services Services Rate Services Rate

2000 75,741 191 618,362 1,560 13,454 9,434 22,888 58 85,006 37,477 122,483 309 839,474 2,118

2001 84,385 211 702,713 1,755 14,732 8,537 23,269 58 125,534 53,133 178,667 446 989,034 2,470

2002 99117 245 786919 1,943 18583 10835 29,418 73 177679 79115 256,794 634 1,172,248 2,894

2003 109783 267 838858 2,040 21882 15769 37,651 92 242491 114046 356,537 867 1,342,829 3,265

2004 130,649 313 878,174 2,104 25,182 18,094 43,276 104 363,744 196,044 559,788 1,341 1,611,887 3,863

2005 141,652 333 945,350 2,225 27,844 20,525 48,369 114 395,508 216,892 612,400 1,441 1,747,771 4,113

2006 146,748 339 946,961 2,185 29,822 23,073 52,895 122 452,125 245,453 697,578 1,610 1,844,182 4,255

2007 156,415 353 926,029 2,092 29,938 22,266 52,204 118 506,274 274,305 780,579 1,764 1,915,227 4,327

2008 165,636 365 905,419 1,994 32,286 24,003 56,289 124 572,340 317,448 889,788 1,959 2,017,132 4,442

2009 175,503 383 888,166 1,939 37,012 27,487 64,499 141 632,658 351,685 984,343 2,149 2,112,511 4,612

2010 184,750 394 888,421 1,894 40,003 29,888 69,891 149 679,117 383,128 1,062,245 2,264 2,205,307 4,701

2011 200,134 427 914,324 1,949 38,970 26,628 65,598 140 710,638 398,519 1,109,157 2,364 2,289,213 4,879

Overall Change

164% 123% 48% 25% 190% 182% 187% 142% 736% 963% 806% 665% 173% 130%

Annual Change

9.2% 7.6% 3.6% 2.0% 10.2% 9.9% 10.0% 8.4% 21.3% 24.0% 22.2% 20.3% 9.5% 7.5%

Rate - Per 100,000 Medicare Beneficiaries 
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Services Rate per 100,000 Medicare Beneficiaries 

State 2008 2009 2010 Overall 
Change

Annual 
Change 2008 2009 2010 Overall 

Change
Annual 
Change

Alabama 55,577 53,873 53,297 -4% -1.4% 6,868 6,510 6,305 -8% -3%

Alaska 1,648 1,779 1,956 19% 5.9% 2,757 2,837 2,978 8% 3%

Arizona 40,666 44,249 49,704 22% 6.9% 4,676 4,919 5,343 14% 5%

Arkansas 21,476 22,526 22,922 7% 2.2% 4,221 4,329 4,313 2% 1%

California 152,011 158,595 174,349 15% 4.7% 3,384 3,433 3,665 8% 3%

Colorado 23,966 25,162 27,204 14% 4.3% 4,137 4,180 4,354 5% 2%

Connecticut 18,018 18,836 19,544 8% 2.7% 3,284 3,375 3,444 5% 2%

DC 20,014 21,632 24,211 21% 6.6% 26,641 28,206 30,987 16% 5%

Delaware 7,329 7301 8,058 10% 3.2% 5,195 5,033 5,398 4% 1%

Florida 201,171 194,604 195,475 -3% -1.0% 6,263 5,917 5,793 -8% -3%

Georgia 68,942 76,431 75,633 10% 3.1% 5,982 6,402 6,121 2% 1%

Hawaii/Guam * 1,561 1,681 2,339 – – 804 839 1,133 – –

Idaho 9,439 9,361 9,192 -3% -0.9% 4,406 4,217 4,000 -9% -3%

Illinois 78,063 83,272 90,979 17% 5.2% 4,399 4,610 4,946 12% 4%

Indiana 52,135 53,012 54,422 4% 1.4% 5,407 5,381 5,411 0% 0%

Iowa 18,234 18,103 18,198 0% -0.1% 3,602 3,538 3,517 -2% -1%

Kansas 27,008 27,058 28,637 6% 2.0% 6,461 6360 6,617 2% 1%

Kentucky 32,697 33,726 36,171 11% 3.4% 4,490 4,537 4,760 6% 2%

Louisiana 34,861 41,842 41,947 9% 2.9% 5,859 6,233 6,108 4% 1%

Maine 8,405 8,665 8,664 3% 1.0% 3,320 3,344 3,271 -1% 0%

Maryland 28,925 31,110 32,696 13% 4.2% 3,885 4,071 4,166 7% 2%

Massachusetts 32,463 34,758 37,148 14% 4.6% 3,187 3,344 3,501 10% 3%

Michigan 76,498 84,431 103,458 35% 10.6% 4,843 5,230 6,266 29% 9%

Minnesota 19,383 20,031 19,851 2% 0.8% 2,588 2,612 2,526 -2% -1%

Mississippi 25,334 28,065 29,538 17% 5.3% 5,286 5,751 5,941 12% 4%

Missouri 59,547 64,045 66,245 11% 3.6% 6,164 6,500 6,596 7% 2%

Montana 6,448 6,633 6,469 0% 0.1% 4,019 4,029 3,816 -5% -2%

Nebraska 12,395 12,518 12,236 -1% -0.4% 4,568 4,542 4,385 -4% -1%

Nevada 16,447 18,059 19,423 18% 5.7% 4,984 5,265 5,446 9% 3%

New Hampshire 8,838 10,005 11,162 26% 8.1% 4,176 4,603 5,000 20% 6%

New Jersey 51,144 52,646 54,839 7% 2.4% 3,987 4,036 4,133 4% 1%

New Mexico 8,463 8,956 9,738 15% 4.8% 2,876 2,948 3,107 8% 3%

New York 81,344 86,042 89,030 9% 3.1% 2,814 2,930 2,979 6% 2%

North Carolina 70,143 74,156 77,550 11% 3.4% 4,993 5,121 5,205 4% 1%

North Dakota 5,504 5,639 5,537 1% 0.2% 5,160 5,221 5,066 -2% -1%

Ohio 78,533 83,862 81,001 3% 1.0% 4,266 4,484 4,262 0% 0%

Oklahoma 29,056 31,026 32,236 11% 3.5% 5,023 5,243 5,342 6% 2%

Oregon 11,653 12,370 12,459 7% 2.3% 1,995 2,054 2,006 1% 0%

Pennsylvania 75,599 75,415 82,985 10% 3.2% 3,403 3,349 3,635 7% 2%

Rhode Island 7,059 4,733 5,777 -18% -6.5% 3,969 2,626 3,157 -20% -7%

South Carolina 69,074 73,648 76,625 11% 3.5% 9,544 9,837 9,904 4% 1%

South Dakota 5,746 6,456 6,342 10% 3.3% 4,352 4,801 4,644 7% 2%

Table 6. Illustration of  epidural injections performed (claims data) in each state with claims data from 2008 to 2010, in Medicare 
recipients, based on utilization patterns, in alphabetical order.
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shown in Table 9, there was an overall annual decrease 
of 2% from 2008 to 2010; however, some states showed 
over 6% in annual increases, and as high as 12% in 
Idaho and Wyoming, 10% in Arizona and Alabama, 
9% in Nevada, 8% in West Virginia, and 7% in New 
Hampshire and Massachusetts. Numerous other states 
have also shown significant decreases, such as Rhode 
Island which decreased by 13%, 12% in Delaware, 9% 
in Montana, 8% in South Dakota and Florida, 7% in 
Michigan and Texas, 6% in Illinois, and 5% in Pennsyl-
vania, Maryland and Alaska. 

The majority of increases were seen in the specialty 
of interventional pain management, including anesthe-
siology, interventional pain management, pain manage-
ment, physical medicine and rehabilitation, neurology, 
and psychiatry (Table 10). Among these, physical medi-
cine and rehabilitation showed a 781% overall change 
and an annual change of 21.9%, despite a number of 
physicians changing their specialty to interventional 
pain management or pain management. Physiatrists 
also performed a substantial proportion of procedures 
with 14.6% in 2011 with many of them enrolled in spe-
cialties of pain management and interventional pain 
management; whereas, in 2000, they performed 8% of 
procedures without the existence of the specialty of in-
terventional pain management and pain management. 
Psychiatry also showed a 247% overall increase with an 
annual increase of 12%, whereas neurology showed an 
increase of 155%; however, the numbers for psychia-
trists were very small with 1,900 per 100,000 Medicare 
population in 2011 compared to 547 in 2000, constitut-
ing 15% of facet joint interventions in 2000 and 10% 

in 2011. The specialty of anesthesiologists performed 
28% of all facet joint interventions in 2011 compared to 
66% in 2000, despite a substantial proportion of anes-
thesiologists changing their designation to either pain 
management or interventional pain management by 
2011. Consequently, it appears that significant growth 
has been seen among anesthesiologists, physiatrists, 
and neurologists, along with radiologists and surgeons, 
whereas all other specialties showed a decrease even 
though certified registered nurse anesthetists and phy-
sicians assistants increased by a whopping 12,460% or 
55.2% annually, even though their numbers were small.

Thus, as illustrated in the OIG analysis (49), facet 
joint interventions continue to grow even though 
certain specialties have limited their utilization since 
the OIG study (family practice, internal medicine). 
Despite this, the growth of facet joint interventions is 
unsustainable. Consequently, payers and regulators are 
contemplating how to curb this growth, while at the 
same time substantially reducing or even eliminating 
the provision of facet joint interventions.

1.3 Sacroiliac Joint Injections
As shown in Table 11, sacroiliac joint interven-

tions, excluding implantables, trigger point injections, 
intraarticular injections, and vertebral augmentation 
procedures, exhibited the highest rates of increases 
in 2011 even though they constituted only 5% of all 
interventional techniques (42,101-103). Sacroiliac in-
terventions increased by 331%, or an annual increase 
of 14.2% (103). The rate of increase of sacroiliac joint 
neurolysis is undetermined at the present time as these 

Table 6 (cont.). Illustration of  epidural injections performed (claims data) in each state with claims data from 2008 to 2010, in 
Medicare recipients, based on utilization patterns, in alphabetical order.

Rate - Per 100,000 Medicare Beneficiaries 

Services Rate per 100,000 Medicare Beneficiaries 

State 2008 2009 2010 Overall 
Change

Annual 
Change 2008 2009 2010 Overall 

Change
Annual 
Change

Tennessee 45,312 47,027 44,480 -2% -0.6% 4,512 4,560 4,205 -7% -2%

Texas 188,029 204,170 208,216 11% 3.5% 6,711 7,041 6,938 3% 1%

Utah 13,268 14,062 14,888 12% 3.9% 5,024 5,135 5,260 5% 2%

Vermont 2,989 3,157 3,001 0% 0.1% 2,849 2,925 2,691 -6% -2%

Virginia 37,262 40,357 40,648 9% 2.9% 3,455 3,636 3,564 3% 1%

Washington 28,010 28,688 30,354 8% 2.7% 3,101 3,058 3,122 1% 0%

West Virginia 8,104 8,392 8,635 7% 2.1% 2,173 2,225 2,262 4% 1%

Wisconsin 34,718 34,826 34,089 -2% -0.6% 3,973 3,905 3,742 -6% -2%

Wyoming 3,023 2,848 2,943 -3% -0.9% 3,971 3,641 3,675 -7% -3%

Medicare Total 2,017,132 2,112,511 2,205,307 9% 3.0% 4,442 4,612 4,700 6% 2%
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procedures are coded with different CPT codes. Sac-
roiliac joint injections increased from 2000 to 2001 by 
73%, possibly as the result of a payment discrepancy 
covering the period from 2000 until 2004. During this 
time a high payment rate for in-office procedures was 
in effect, without the restriction that fluoroscopy be uti-
lized (133). The procedures increased from 125 in 2000 
to 489 in 2006 and then with slower growth through 
2011 with 539 per 100,000 Medicare beneficiaries (103). 

Regional and specialty variations with utilization 
and growth patterns persist, and as shown in Tables 12 
and 13, are even more prevalent with sacroiliac joint 
injections than epidural and sacroiliac joint interven-
tions (101-103).

Among regional variations as shown in Table 12, 
from 2008 to 2010, there was an annual increase of 
12% in New Hampshire, 11% in Alabama, 8% in Min-
nesota, 8% in Vermont, 7% in Oregon, Massachusetts, 
Kansas, and Maine, and 6% in Utah. The overall annual 
change was 0.3% from 2008 to 2010, but there were 
also significant decreases in some states such as as 19% 
in Hawaii, 13% in New York, 11% in Arkansas, 10% in 
Maryland, 9% in Louisiana and Oklahoma, 7% in Texas, 
and 6% in Rhode Island, the District of Columbia, Wyo-
ming, and Delaware. 

There were also significant variations based on 
specialty. The overall rate of increase was 410% of ser-
vices or 331% per 100,000 Medicare population, with 
interventional pain management showing an increase 
of 434% (Table 13). Increases were 1,568% for physical 
medicine and rehabilitation, 698% for neurology and 
85% for anesthesiology, despite the fact that a signifi-
cant proportion from these specialties are enrolled in 
pain management and interventional pain manage-
ment. Overall, general physicians also showed a 779% 
increase of services, with nurse practitioners, certified 
registered nurse anesthetists, and physicians assistants 
combined showing more than a 23,000% increase in 
performance of services. Anesthesiologists, despite 
their change of specialty, performed 27% of the total 
sacroiliac joint injections in 2011 compared to 74% in 
2000 prior to the existence of designations of inter-
ventional pain management and pain management. 
In contrast, physiatrists with the ability to enroll in in-
terventional pain management and pain management 
in 2011 performed 18% of sacroiliac joint injections 
compared to 5.5% in 2000 prior to the existence of 
designations of interventional pain management and 
pain management. 
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Table 8. Utilization rates (per 100,000 Medicare recipients) of  various facet joint interventions in the Medicare population from 
2000 to 2011.

 Year

Facet Joint Blocks Facet Neurolysis All Facet Joint 
InterventionsCervical/Thoracic Lumbar/Sacral Cervical/Thoracic Lumbar/Sacral

64470 64472 Total Rate 64475 64476 Total Rate 64626 64627 Total Rate 64622 64623 Total Rate Services Rate

F2000 24751 33573 58324 147 101539 153252 254791 643 2750 6054 8804 22 15117 38206 53323 135 375242 947

F2001 34500 47684 82184 205 121234 175854 297088 742 3815 8334 12149 30 18792 47632 66424 166 457845 1143

F2002 41935 61981 103916 257 155620 240243 395863 977 5190 12202 17392 43 25744 63522 89266 220 606437 1497

F2003 49958 75489 125447 305 189263 299802 489065 1189 6877 15301 22178 54 35315 83166 118481 288 755171 1836

F2004 77620 126145 203765 488 286394 467823 754217 1807 10691 23461 34152 82 57053 132351 189404 454 1181538 2831

F2005 86541 141999 228540 538 316158 519689 835847 1967 12015 26298 38313 90 63228 146688 209916 494 1312616 3089

F2006 121312 204178 325490 751 370809 636673 1007482 2325 14207 31993 46200 107 79289 226299 305588 705 1684760 3887

F2007 108103 179279 287382 649 365372 599568 964940 2180 17689 39710 57399 130 88069 209416 297485 672 1607206 3631

F2008 114497 201857 316354 697 385491 634775 1020266 2247 20729 48089 68818 152 100606 240268 340874 751 1746312 3845

F2009 126730 214802 341532 746 418036 663690 1081726 2362 25510 57973 83483 182 112627 263386 376013 821 1882754 4111

F2010 114753 175887 290640 620 386897 557572 944469 2013 26588 59219 85807 183 116959 261802 378761 807 1699677 3623

F2011 124431 192789 317220 676 402507 587942 990449 2111 29904 67622 97526 208 125630 280748 406378 866 1811573 3861

Overall Change
403% 474% 444% 359% 296% 284% 289% 228% 987% 1017% 1008% 836% 731% 635% 662% 544% 383% 308%

Annual Change
15.8% 17.2% 16.6% 14.9% 13.3% 13.0% 13.1% 11.4% 24.2% 24.5% 24.4% 22.5% 21.2% 19.9% 20.3% 18.4% 15.4% 13.6%

Table 9. Frequency of  claims of  utilization of  facet joint interventions performed (claims data) in each state with claims data from 
2008 to 2010 in Medicare recipients, in alphabetical order.

State F2008 F2009 F2010
Overall 
Change

Annual 
Change R2008 R2009 R2010

Overall 
Change

Annual 
Change

Alabama 27,412 34,681 37,764 38% 11% 3,388 4,191 4,468 32% 10%

Alaska 1,528 1,279 1,432 -6% -2% 2,556 2,040 2,180 -15% -5%

Arizona 36,124 48,359 51,232 42% 12% 4,154 5,376 5,508 33% 10%

Arkansas 38,483 36,987 35,111 -9% -3% 7,564 7,108 6,607 -13% -4%

California 137,088 154,921 133,684 -2% -1% 3,052 3,354 2,810 -8% -3%

Colorado 10,733 12,258 12,839 20% 6% 1,853 2,036 2,055 11% 4%

Connecticut 11,810 11,554 12,167 3% 1% 2,152 2,070 2,144 0% 0%

DC 11,540 12,641 12,004 4% 1% 15,361 16,482 15,363 0% 0%

Delaware 5,616 4,536 4,022 -28% -11% 3,981 3,127 2,694 -32% -12%

Florida 264,406 259,799 212,902 -19% -7% 8,232 7,899 6,309 -23% -8%

Georgia 60,718 76,481 65,230 7% 2% 5,268 6,406 5,279 0% 0%

Hawaii 841 815 930 11% 3% 433 407 450 4% 1%

Idaho 3,448 4,933 5,145 49% 14% 1,609 2,222 2,239 39% 12%

Illinois 57,328 67,939 49,567 -14% -5% 3,231 3,761 2,695 -17% -6%

Indiana 38,750 39,868 41,891 8% 3% 4,019 4,047 4,165 4% 1%

Iowa 9,123 8,850 9,007 -1% 0% 1,802 1,730 1,741 -3% -1%

Kansas 10,242 11,933 11,112 8% 3% 2,450 2,805 2,568 5% 2%

Kentucky 31,612 33,580 31,077 -2% -1% 4,341 4,517 4,089 -6% -2%

Louisiana 26,301 24,152 24,953 -5% -2% 4,007 3,598 3,634 -9% -3%

Maine 4,708 5,256 5,385 14% 5% 1,859 2,029 2,033 9% 3%

Maryland 30,821 30,310 27,498 -11% -4% 4,139 3,967 3,504 -15% -5%
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Table 9 (cont.). Frequency of  claims of  utilization of  facet joint interventions performed (claims data) in each state with claims data 
from 2008 to 2010 in Medicare recipients, in alphabetical order.

State F2008 F2009 F2010
Overall 
Change

Annual 
Change R2008 R2009 R2010

Overall 
Change

Annual 
Change

Massachusetts 28,026 32,249 35,597 27% 8% 2,751 3,103 3,355 22% 7%

Michigan 109,510 118,627 92,593 -15% -5% 6,933 7,348 5,608 -19% -7%

Minnesota 13,394 14,896 13,869 4% 1% 1,788 1,943 1,765 -1% 0%

Mississippi 19,786 26,739 22,420 13% 4% 4,129 5,480 4,510 9% 3%

Missouri 35,584 38,174 37,224 5% 2% 3,683 3,874 3,706 1% 0%

Montana 4,515 4,663 3,587 -21% -7% 2,814 2,832 2,116 -25% -9%

Nebraska 4,322 5,421 4,685 8% 3% 1,593 1,967 1,679 5% 2%

Nevada 12,229 14,438 17,294 41% 12% 3,706 4,209 4,849 31% 9%

New Hampshire 7,382 8,175 9,612 30% 9% 3,488 3,761 4,305 23% 7%

New Jersey 29,557 29,375 30,735 4% 1% 2,304 2,252 2,316 1% 0%

New Mexico 7,705 7,964 8,248 7% 2% 2,618 2,621 2,632 1% 0%

New York 62,844 55,294 57,025 -9% -3% 2,174 1,883 1,908 -12% -4%

North Carolina 51,826 55,887 49,289 -5% -2% 3,689 3,860 3,308 -10% -4%

North Dakota 1,560 2,044 1,803 16% 5% 1,463 1,893 1,649 13% 4%

Ohio 57,542 65,808 67,447 17% 5% 3,126 3,519 3,549 14% 4%

Oklahoma 14,567 18,698 18,187 25% 8% 2,518 3,160 3,014 20% 6%

Oregon 8,656 10,055 10,631 23% 7% 1,482 1,670 1,712 16% 5%

Pennsylvania 61,486 56,582 54,218 -12% -4% 2,768 2,513 2,375 -14% -5%

Rhode Island 10,879 8,945 7,259 -33% -13% 6,116 4,963 3,967 -35% -13%

South Carolina 44,696 50,727 47,945 7% 2% 6,176 6,776 6,197 0% 0%

South Dakota 6,666 7,264 5,295 -21% -7% 5,048 5,402 3,877 -23% -8%

Tennessee 53,527 55,494 57,376 7% 2% 5,330 5,381 5,424 2% 1%

Texas 189,830 210,162 161,265 -15% -5% 6,775 7,247 5,374 -21% -7%

Utah 10,546 12,136 12,755 21% 7% 3,993 4,431 4,507 13% 4%

Vermont 2,259 2,615 2,653 17% 6% 2,153 2,422 2,379 10% 3%

Virginia 24,677 27,730 24,753 0% 0% 2,288 2,498 2,170 -5% -2%

Washington 17,750 22,060 19,815 12% 4% 1,965 2,351 2,038 4% 1%

West Virginia 10,492 12,397 13,422 28% 9% 2,813 3,286 3,516 25% 8%

Wisconsin 24,306 24,961 25,427 5% 2% 2,782 2,799 2,791 0% 0%

Wyoming 1,561 2,036 2,288 47% 14% 2,051 2,603 2,857 39% 12%

2.0 Payment PolIcIes for 
InterventIonal technIques

Interventional techniques are covered by Medi-
care, Medicaid, and private insurers. Medicare, how-
ever, has well defined policies whereas the others 
do not. Medicare promulgates its coverage policies 
in the form of local coverage determinations (LCDs) 
and national coverage determinations (NCDs) (56). 
The decision to cover a particular item or service is 
made by a Medicare administrative contractor, fiscal 
intermediary, or carrier, and is the basis for determin-
ing the LCD. 

2.1 Medicare Coverage Policies
All other insurers including Medicaid and other 

governmental agencies have developed their own 
policies and procedures in developing payment poli-
cies for interventional techniques, some derived from 
Medicare. Large insurers such as Blue Cross Blue Shield 
and others also have their own technology assessment 
divisions or outsource to various commercially available 
agencies. 

2.1.1 Coverage Determinations
The LCDs are formulated based on multiple regula-
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tions and instructions from the Centers for Medicare and Med-
icaid Services (CMS), including evidence as well as reasonable 
and necessary aspects of the service (134). In contrast, NCDs 
are developed by the CMS to describe the circumstances for 
Medicare coverage nationwide for an item or service. NCDs 
generally outline the condition for which an item or service 
is considered to be covered and are usually issued as program 
instructions. Once published in the CMS program instruction 
manual, an NCD is binding on all Medicare carriers and other 
related organizations. NCDs are made infrequently. However, 
a negative NCD can be especially problematic for providers of 
a service for which Medicare covers a large proportion of the 
market and the patients who receive those services. 

The Medicare Integrity Manual (135) outlines the process 
of developing LCDs. 
♦ Contractors shall develop LCDs when they have identified 

an item or service that is never covered under certain cir-
cumstances and wish to establish automated review in the 
absence of an NCD or coverage provision in an interpreta-
tive manual that supports automated review.

♦ Contractors have the option to develop LCDs when a 
validated widespread problem in one or all states covering 
all states, occurs, to assure beneficiary access to care, and 
when frequent denials are issued or anticipated. 

2.1.2 Content of an LCD
The CMS instructs that an LCD shall be clear, concise, prop-

erly formatted, and not restrict or conflict with NCDs or cover-
age provisions in interpretative manuals (135). 

2.1.3 Reasonable and Necessary Provisions in LCDs
An item or service may be covered by an LCD (135) if it 

is reasonable and necessary (only reasonable and necessary 
provisions are considered part of the LCD). Further, a service is 
reasonable and necessary if the service is: 
♦ Safe and effective; and
♦ Appropriate, including the duration and frequency that is 

considered appropriate for the item or service in terms of 
whether it is: 

	 •	 	Furnished	 in	 accordance	with	 accepted	 standards	 of	
medical practice for the diagnosis or treatment of the 
patient’s condition or to improve the function of a 
malformed body member; 

	 •	 	Furnished	 in	 a	 setting	 appropriate	 to	 the	 patient’s	
medical needs and condition 

	 •	 Ordered	and	furnished	by	qualified	personnel	
	 •	 	One	 that	meets,	 but	 does	 not	 exceed,	 the	 patient’s	

medical need
	 •	 	At	 least	 as	 beneficial	 as	 an	 existing	 and	 available	

medically appropriate alternative.
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Table 11. Characteristics of  Medicare beneficiaries and sacroiliac joint injections.

U.S. Population (,000) Medicare Beneficiaries (,000) SI Joint Injections

Year All 
Ages

≥ 65
Years Percent < 65

Years Percent ≥ 65
Years Percent

Total 
Medicare  

Beneficiaries

% to
U.S. Services

% of 
change 
from  

Previous 
Year

Rate per
100,000

Medicare
Beneficiaries

Y2000 282,172 35,077 12.4% 5,370 13.5% 34,262 86.5% 39,632 14.0% 49,554 (59%)   125

Y2001 285,040 35,332 12.4% 5,567 13.9% 34,478 86.1% 40,045 14.0% 85,664 (51%) 72.90% 214

Y2002 288,369 35,605 12.3% 5,805 14.3% 34,698 85.7% 40,503 14.0% 101,749 (48%) 18.80% 251

Y2003 290,211 35,952 12.4% 6,078 14.8% 35,050 85.2% 41,126 14.2% 128,864 (42%) 26.60% 313

Y2004 292,892 36,302 12.4% 6,402 15.3% 35,328 84.7% 41,729 14.2% 172,704 (41%) 34.00% 414

Y2005 295,561 36,752 12.4% 6,723 15.8% 35,777 84.2% 42,496 14.4% 188,606 (42%) 9.20% 444

Y2006 299,395 37,264 12.4% 7,022 16.2% 36,317 83.8% 43,339 14.5% 211,928 (40%) 12.40% 489

Y2007 301,290 37,942 12.6% 7,297 16.5% 36,966 83.5% 44,263 14.7% 213,489 (41%) 0.70% 482

Y2008 304,056 38,870 12.8% 7,516 16.6% 37,896 83.4% 45,412 14.9% 228,687 (42%) 7.10% 504

Y2009 307,006 39,570 12.9% 7,624 16.6% 38,177 83.3% 45,801 14.9% 228,946 (42%) 0.10% 500

Y2010 308,746 40,268 13.0% 7,923 16.9% 38,991 83.1% 46,914 15.2% 237,905 (42%) 3.90% 507

Y2011 313,848 41,122 13.1% 7,786 16.6% 39,132 83.4% 46,918 14.9% 252,654 (43%) 6.20% 539

Overall 
Change 11% 17% 45% 14% 18% 410%   331%

Annual 
Change 1.0% 1.5% 3.4% 1.2% 1.5% 16.0%   14.2%

( ) shows percentage of procedures utilized in facility settings (HOPD and ASC)

Table 12. Utilization of  sacroiliac joint injections performed (claims data) in each state with claims data from 2008 to 2010, in 
Medicare recipients, in alphabetical order.

State F2008 F2008 F2009 Overall 
Change

Annual 
Change R2008 R2009 R2010 Overall 

Change
Annual 
Change

Alabama 4,914 5,108 7,069 44% 13% 607 617 836 38% 11%

Alaska 85 87 89 5% 2% 142 139 135 -5% -2%

Arizona 3,276 3,671 4,102 25% 8% 377 408 441 17% 5%

Arkansas 3,384 2,827 2,490 -26% -10% 665 543 469 -30% -11%

California 12,122 13,186 14,236 17% 6% 270 285 299 11% 4%

Colorado 1,908 2,027 2,198 15% 5% 329 337 352 7% 2%

Connecticut 1,684 1,617 1,627 -3% -1% 307 290 287 -7% -2%

DC 1,493 1,280 1,281 -14% -5% 1,987 1,669 1,639 -18% -6%

Delaware 497 431 432 -13% -5% 352 297 289 -18% -6%

Florida 28,436 28,531 26,725 -6% -2% 885 867 792 -11% -4%

Georgia 8,389 8,544 8,267 -1% 0% 728 716 669 -8% -3%

Hawaii 135 108 75 -44% -18% 70 54 36 -48% -19%

Idaho 847 918 898 6% 2% 395 414 391 -1% 0%

Illinois 7,691 6,980 7,395 -4% -1% 433 386 402 -7% -2%

Indiana 6,061 6,069 7,107 17% 5% 629 616 707 12% 4%

Iowa 1,995 2,015 2,229 12% 4% 394 394 431 9% 3%

Kansas 2,238 2,341 2,817 26% 8% 535 550 651 22% 7%

Kentucky 6,025 5,818 6,573 9% 3% 827 783 865 5% 1%

Louisiana 2,464 2,033 1,931 -22% -8% 375 303 281 -25% -9%

Maine 706 777 893 26% 8% 279 300 337 21% 7%
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State F2008 F2008 F2009 Overall 
Change

Annual 
Change R2008 R2009 R2010 Overall 

Change
Annual 
Change

Maryland 3,965 3,085 3,036 -23% -9% 533 404 387 -27% -10%

Massachusetts 3,332 3,668 4,251 28% 8% 327 353 401 22% 7%

Michigan 13,611 13,501 16,928 24% 8% 862 836 1025 19% 6%

Minnesota 1,901 2,118 2,543 34% 10% 254 276 324 28% 8%

Mississippi 2,530 2,887 2,749 9% 3% 528 592 553 5% 2%

Missouri 8,035 8,527 8,538 6% 2% 832 865 850 2% 1%

Montana 435 564 447 3% 1% 271 343 264 -3% -1%

Nebraska 1,313 1,552 1,614 23% 7% 484 563 578 20% 6%

Nevada 1,167 1,339 1,429 22% 7% 354 390 401 13% 4%

New Hampshire 990 1,384 1,460 47% 14% 468 637 654 40% 12%

New Jersey 4,956 4,500 4,629 -7% -2% 386 345 349 -10% -3%

New Mexico 875 923 913 4% 1% 297 304 291 -2% -1%

New York 8,978 7,348 6,169 -31% -12% 311 250 206 -34% -13%

North Carolina 8,686 8,883 9,212 6% 2% 618 613 618 0% 0%

North Dakota 574 512 598 4% 1% 538 474 547 2% 1%

Ohio 10,192 10,420 10,177 0% 0% 554 557 535 -3% -1%

Oklahoma 2,401 2,020 1,886 -21% -8% 415 341 313 -25% -9%

Oregon 1,150 1,295 1,484 29% 9% 197 215 239 21% 7%

Pennsylvania 6,812 6,649 7,211 6% 2% 307 295 316 3% 1%

Rhode Island 2,935 2,444 2,518 -14% -5% 1,650 1,356 1,376 -17% -6%

South Carolina 7,327 7,663 8,585 17% 5% 1,012 1,024 1,110 10% 3%

South Dakota 1,201 1,346 1,362 13% 4% 910 1,001 997 10% 3%

Tennessee 8,465 9,229 9,525 13% 4% 843 895 900 7% 2%

Texas 17,465 16,413 15,163 -13% -5% 623 566 505 -19% -7%

Utah 1,445 1,610 1,868 29% 9% 547 588 660 21% 6%

Vermont 323 364 429 33% 10% 308 337 385 25% 8%

Virginia 5,990 6,253 6,656 11% 4% 555 563 584 5% 2%

Washington 1,849 2,110 2,109 14% 4% 205 225 217 6% 2%

West Virginia 1,667 1,853 1,636 -2% -1% 447 491 429 -4% -1%

Wisconsin 3,525 3,910 4,132 17% 5% 403 438 454 12% 4%

Wyoming 242 208 210 -13% -5% 318 266 262 -18% -6%

Total 228,687 228,946 237,905 4% 1% 504 500 507 1% 0.3%

Table 12 (cont.). Utilization of  sacroiliac joint injections performed (claims data) in each state with claims data from 2008 to 2010, 
in Medicare recipients, in alphabetical order.

However, as described by Neumann and Chambers 
(136) defining reasonable and necessary has proven to 
be an enduring challenge. Consequently, determina-
tions of what is necessary care generally turn on the 
strength of the medical evidence, as encapsulated, for 
example, in clinical guidelines. Such determinations, 
however, are rarely straightforward, given the com-
plexity of individual cases. In addition, the influence 
of various interest groups has challenged Medicare’s 
attempts to stick closely to the data. 

Furthermore, determining reasonableness implies 
moderation, suggesting that the resources expended 
should not be excessive. Thus, the issue is not simply 
whether care is essential, but whether it is advisable given 
a delicate balance of benefits, risks, and costs. Due to the 
multiple difficulties and various issues involved, Fox (137) 
argued that amending the original statute so that it prohib-
its payment “for any expenses which are unreasonable and 
which are incurred for items and services” would provide 
the CMS authority and legitimacy to consider costs openly. 
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% 2.1.4 Cost Effectiveness Considerations 
The cost effectiveness considerations by Medicare have also been 

a subject of debate. The U.S. Panel on Cost Effectiveness in Health and 
Medicine, composed of physicians, health economists, ethicists, and other 
health policy experts, recommended in 1996 that cost effectiveness analy-
sis should use quality-adjusted life years (QALY) as a standard metric for 
identifying and assigning value to health outcomes (138,139). In contrast, 
the ACA created a Patient-Centered Outcomes Research Institute (PCORI) 
to conduct comparative effectiveness research (CER), and, in contrast, pro-
hibited this institute from developing or using cost per QALY thresholds 
(56,57,140). While the ACA specifically forbids the use of cost per QALY 
as a threshold, multiple organizations and clinical guidelines support this 
concept of using as a threshold. Even then, it is generally believed that 
Medicare does have an implicit cost-effectiveness threshold. In assessing 
whether or not an implicit cost effectiveness threshold exists and to de-
termine if economic evidence has been considered in previous NCDs (141), 
it was shown that the CMS is covering a number of interventions that 
do not appear to be cost effective, suggesting that resources could be 
allocated more efficiently. Of the 64 coverage decisions determined by 
the authors to have a corresponding cost effectiveness estimate, 49 were 
associated with a positive covered decision, and 15 with a noncoverage 
decision. Of the positive decisions, 20 were associated with an economic 
evaluation that estimated the intervention to be dominant (cost less and 
was more effective than the alternative), 12 with an incremental cost ef-
fectiveness ratio (ICER) of less than $50,000, 8 with an ICER greater than 
$50,000 but less than $100,000, and 9 with an ICER greater than $100,000. 
Furthermore, 14 of the sampled 64 decision memos cited or discussed cost 
effectiveness information.

2.1.5 Alternate Treatments
The Medicare Integrity Manual (135) directs that contractors should 

incorporate into LCDs the concept that the use of an alternative item 
or service precedes the use of another item or service. This approach 
is termed a prerequisite. Contractors shall base any requirement on 
evidence that a particular alternative is safe, effective, or appropriate 
for a given condition without exceeding the patient’s medical needs. 
Prerequisites shall be based solely on medical appropriateness, not on 
cost effectiveness. 

2.1.6 Evidence Supporting LCDs
The Medicare Program Integrity Manual (135) instructs that LCDs 

shall be based on the strongest evidence available. Furthermore, the 
extent and quality of supporting evidence is vital to defending chal-
lenges to LCDs. In order of preference, LCDs should be based on:
♦ Published authoritative evidence derived from definitive random-

ized clinical trials or other definitive studies, and 
♦ General acceptance by the medical community (standard of prac-

tice), as supported by sound medical evidence based on: 
	 •	 	Scientific	data	or	research	studies	published	in	peer-reviewed	

medical journals 
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Table 14. Illustration of  various 2013 payment groups per procedure in APC 203, 204, and 207.

HCPCS Descriptor APC
Facility Payment Rates ($) Physician Payment 

Rate ($)HOPD ASC Office overhead

62263 Epidural lysis mult sessions 0203 856.68 480.71 365.41 357.24

62264 Epidural lysis on single day 0203 856.68 480.71 199.03 241.22

62281 Treat spinal cord lesion 0203 856.68 480.71 88.80 161.27

62282 Treat spinal canal lesion 0203 856.68 480.71 148.00 146.30

62319 Inject spine w/cath lmb/scrl 0203 856.68 480.71 76.56 96.97

62355 Remove spinal canal catheter 0203 856.68 480.71 0 267.76

63746 Removal of spinal shunt 0203 856.68 480.71 0 612.75

64600 Injection treatment of nerve 0203 856.68 480.71 182.36 219.45

64620 Injection treatment of nerve 0203 856.68 480.71 34.36 177.26

64635 Destroy lumb/sac facet jnt 0203 856.68 480.71 189.85 218.77

64680 Injection treatment of nerve 0203 856.68 480.71 154.80 171.14

64681 Injection treatment of nerve 0203 856.68 480.71 168.07 198.35

20526 Ther injection carp tunnel 0204 182.61 29.25 20.07 56.48

20550 Inj tendon sheath/ligament 0204 182.61 22.25 17.35 41.17

20551 Inj tendon origin/insertion 0204 182.61 23.75 18.03 42.53

20600 Drain/inject joint/bursa 0204 182.61 16.50 12.25 35.04

20605 Drain/inject joint/bursa 0204 182.61 20.75 12.93 52.74

20610 Drain/inject joint/bursa 0204 182.61 21.50 14.29 45.93

64400 N block inj trigeminal 0204 182.61 60.25 56.14 69.75

64402 N block inj facial 0204 182.61 55.75 47.97 76.55

64408 N block inj vagus 0204 182.61 34.00 26.54 73.15

64410 N block inj phrenic 0204 182.61 102.47 53.76 75.19

64491 Inj paravert f jnt c/t 2 lev 0204 182.61 102.47 36.40 61.24

64492 Inj paravert f jnt c/t 3 lev 0204 182.61 102.47 36.06 61.92

64494 Inj paravert f jnt l/s 2 lev 0204 182.61 102.47 37.43 52.06

64495 Inj paravert f jnt l/s 3 lev 0204 182.61 102.47 36.74 53.08

64505 N block spenopalatine gangl 0204 182.61 40.75 18.37 86.76

64634 Destroy c/th facet jnt addl 0204 182.61 102.47 121.80 66.69

64650 Chemodenerv eccrine glands 0204 182.61 73.50 86.42 41.17

64653 Chemodenerv eccrine glands 0204 182.61 85.00 100.37 53.42

G0260 Inj for sacroiliac jt anesth 0207 565.75 317.46 84.38 85.74

62268 Drain spinal cord cyst 0207 565.75 317.46 0.00 263.68

62273 Inject epidural patch 0207 565.75 317.46 62.94 114.66

62280 Treat spinal cord lesion 0207 565.75 317.46 167.73 177.26

62292 Injection into disk lesion 0207 565.75 317.46 0.00 601.19

62310 Inject spine cerv/thoracic 0207 565.75 317.46 141.54 110.23

62311 Inject spine lumbar/sacral 0207 565.75 317.46 122.14 89.82

62318 Inject spine w/cath crv/thrc 0207 565.75 317.46 140.17 100.03

64416 N block cont infuse b plex 0207 565.75 317.46 0.00 77.57

64421 N block inj intercost mlt 0207 565.75 317.46 62.94 95.60

64430 N block inj pudendal 0207 565.75 317.46 57.84 82.00
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Table 14 (cont.). Illustration of  various 2013 payment groups per procedure in APC 203, 204, and 207.

HCPCS Descriptor APC
Facility Payment Rates ($) Physician Payment 

Rate ($)HOPD ASC Office overhead

64445 N block inj sciatic sng 0207 565.75 60.50 66.34 71.79

64446 N blk inj sciatic cont inf 0207 565.75 317.46 0.00 77.57

64449 N block inj lumbar plexus 0207 565.75 317.46 0.00 81.66

64479 Inj foramen epidural c/t 0207 565.75 317.46 111.94 136.43

64483 Inj foramen epidural l/s 0207 565.75 317.46 117.38 115.00

64490 Inj paravert f jnt c/t 1 lev 0207 565.75 317.46 91.86 110.23

64493 Inj paravert f jnt l/s 1 lev 0207 565.75 317.46 89.48 93.22

64510 N block stellate ganglion 0207 565.75 317.46 57.50 74.51

64517 N block inj hypogas plxs 0207 565.75 317.46 60.56 123.50

64520 N block lumbar/thoracic 0207 565.75 317.46 112.28 81.32

64530 N block inj celiac pelus 0207 565.75 317.46 105.81 94.92

64630 Injection treatment of nerve 0207 565.75 317.46 33.68 181.34

64633 Destroy cerv/thor facet jnt 0207 565.75 317.46 194.27 221.83

64636 Destroy l/s facet jnt addl 0207 565.75 317.46 111.26 58.52

64640 Injection treatment of nerve 0207 565.75 68.00 42.19 95.94

•	 Consensus	 of	 expert	medical	 opinion	 (i.e.,	 recog-
nized authorities in the field) 

•	 Medical	 opinion	 derived	 from	 consultations	 with	
medical associations or other health care experts.

2.1.7 LCD Advisory Process
The LCD advisory process consists of external evi-

dence gathering along with the Carrier Advisory Com-
mittee (CAC) process. Each state should have its own 
CAC (135). The purpose of a CAC is to provide a formal 
mechanism for physicians in the state to be informed 
of and participate in the development of an LCD in an 
advisory capacity; a mechanism to discuss and improve 
administrative policies that are within carrier discre-
tion; and a forum for information exchange between 
carriers and physicians (135). 

While the CAC is not a forum for peer review, the 
CAC reviews all draft LCDs. The final implementation 
decision about LCDs, however, rests with the contractor 
medical director (CMD). Membership on a CAC is to be 
composed of physicians, a beneficiary representative, 
and representatives of 34 medical organizations (142). 
Interventional pain management was provided with 
mandatory membership on February 1, 2005 (143). 
Members of anesthesiology, physical medicine and re-
habilitation, neurology, psychiatry, orthopedia surgery, 
neurosurgery, and radiology represent their respective 
specialties. Members are recommended by the state 
specialty societies. 

CAC members serve to improve the relations and 
communications between Medicare and the physician 
community. Specifically, they: 
♦ Disseminate proposed LCDs to colleagues in their 

respective state and specialty societies to solicit 
comments

♦ Disseminate information about the Medicare pro-
gram obtained at CAC meetings to their respective 
state and specialty societies 

♦ Discuss inconsistent or conflicting medical review 
policies. 

2.1.8 Effectiveness of Coverage Policies
There is controversy in reference to the evidence 

of the effectiveness of coverage policies to change 
utilization patterns. Some argue that policies have had 
little impact on utilization (12,41,42,144-147). Wen-
nberg (146) found significant and persistent variations 
in utilization patterns in Medicare, even adjusting re-
gionally for age and severity of illness differences. His 
findings showed important differences in the ways in 
which medicine is practiced and services are used across 
the country, suggesting that the misuse, underuse, and 
overuse of services are widespread. While NCDs with-
out coverage  lead to non-performance of procedures, 
when they are covered they do not appear to have 
changed any utilization patterns (145). In reference to 
drug-coated stents, Kaul and Diamond (148) found that 
only about 20% of drug-coated stents are inserted in 
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patients with a clinical condition supported by clinical 
trial data that lead to the initial federal approval of the 
stents (149). Thus, with utilization that is contrary to 
clinical evidence potentially causing 2160 fatalities each 
year, the more than one million Americans receiving 
stents, according to K and D are costing billions of dol-
lars (148,149). A study from the University of Minnesota 
evaluating the impact of coverage policies on utiliza-
tion in Medicare (150) found that in 7 of the 8 cases, 
there were no measurable changes in use, suggesting 
that providers continue to behave as they had prior to 
the policy’s enactment. 

In interventional pain management, review of the 
data from various regions in reference to those with 
LCDs and without LCDs either based on evidence or 
not based on evidence, there were no significant dif-
ferences noted in utilization patterns as shown in Table 
3 (41,42,56). The assessment of statewide utilization 
illustrates no significant variations in the utilization of 
interventional techniques irrespective of the type of 
LCD, its presence or absence. 

2.2 Coverage Policies by Medicaid
Medicaid coverage policies are based on evidence 

synthesis by the provider, outsourcing to other compa-
nies, or following Medicaid policies (151-155). Similar 
to private insurers, however, private contractors utilize 
their own policies for Medicaid management.(156-167). 
These policies describe background information, medi-
cal necessity limitation, exclusions, and also provide 
references.

2.3 Coverage Policies by Other Payers
Other payers, while occasionally using Medicare 

policies, utilize their own methodology. In describing 
their policies they include background, indications, 
medical necessity, exclusions, investigational and 
experimental, as well as references. These policies 
are developed by individual carriers using their own 
internal resources either using technology assessment 
or by outsourcing to various commercial agencies 
(156,157,162-169). 

3.0 accountable InterventIonal PaIn 
management

Traditionally, Medicare payment rates vary for the 
same ambulatory services provided to similar patients in 
different settings, such as physicians’ offices, HOPDs, and 
ASCs (170-191). The MedPAC is concerned that payment 
variations across settings may encourage arrangements 

among providers that result in care being provided 
primarily in high paid settings, thereby increasing total 
Medicare spending and beneficiary cost sharing (70). 
Furthermore, the MedPAC also believes that Medicare 
should base payment rates on the resources needed to 
treat patients in the most efficient setting, adjusting for 
differences in patient severity, to the extent the severity 
differences affect costs. However, other payers share a 
different philosophy on a per diem payment rate to the 
hospitals favoring the hospital payment system. 

Physician payments are generally based on the 
physician fee schedule (PFS) (170-179,188,189), HOPD 
services in the outpatient prospective payment system 
(OPPS) (180-187), and payment rates for ASC services in 
the ASC payment system (180-187,192). Consequently, 
Medicare makes 2 payments that involve physicians’ 
professional fees under the PFS and a facility fee for the 
HOPD or ASC under the OPPS or ASC payment system. 
In addition, while subject to a multitude of regulations, 
an outpatient facility that has provider-based status is 
considered part of the hospital. Provider-based status is 
available for hospital-owned entities that meet criteria 
rules such as being located on the hospital campus, or 
off campus but within 3 or 5 miles of the hospital cam-
pus. In general, the non-facility rate provided to physi-
cians in their offices is higher than the facility rate be-
cause physicians’ practice costs are higher due to direct 
costs. In many cases, however, this may be lower than 
the differential paid for ASCs and even substantially 
lower than what would be paid in hospital outpatient 
surgery departments and ASCs owned by hospitals. 
These differences in payment systems have resulted in 
disturbing trends such as hospitals acquiring physician 
practices leading to the end of individual practices in 
the foreseeable future. The payment differences span 
from 50% to 300% across various settings. The MedPAC 
has described equalizing payment systems for evalua-
tion and management services, as well as other outpa-
tient procedures, including interventional techniques. 
Table 14 shows various payment groups per procedures 
in the Ambulatory Payment Classification (APC), which 
may be transformed for equalization among various 
settings, specifically between ASCs and HOPDs. As one 
can see, there are significant differences between pay-
ments in various groups.

MedPAC also recommended equalizing payments 
for evaluation and management (E/M) office visits 
pertaining to interventional techniques. As shown 
in Table 15, if an established patient office visit (CPT 
99213) is provided in a freestanding physician’s office, 
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the program pays the physician 80% of the non-facility 
payment rate from the PFS, with the beneficiary being 
responsible for the remaining 20% (70). Based on this 
philosophy, in 2013, the PFS non-facility rate for CPT 
99213, including an E/M office visit with approximately 
15-minute time utilization is $72.50. In contrast, when 
the same service is provided in an HOPD, the total 
payment rate is $123.38 – 70% more than in-office 
service. Ironically, when hospitals purchase a physician’s 
practice, the practice continues to stay in the same loca-
tion as long as it is within 5 miles and treats the same 
patients (193-195). However, by converting a practice to 
an outpatient department and billing under the OPPS, 
hospitals are able to generate higher revenues for the 
same service, while Medicare beneficiaries and others 
pay more for the exact same services. It is believed that 
these conditions are what is fueling the hospital pur-
chase of practices and dominating the market. 

In responding to the proposal for equalizing 
payments, hospitals continue to make the arguments 
that there are legitimate factors supporting the differ-
ences between payments. However, the MedPAC has 
developed a procedure for equalizing payments: same 
amounts have been paid for outpatient therapy ser-
vices, mammography tests, dialysis services, and clinical 
lab tests regardless of the setting, without an interrup-
tion in access to these services. MedPAC has admitted 
(70) that for certain services there may be a higher level 
of payments required for outpatient departments due 
to emergency patients who may need to be transferred, 
the increased complexity of patients and services, li-
censing and accreditation requirements, and the fact 
that hospitals tend to combine ancillary services and 
supplies into a single payment. Consequently, it has 

been proposed that CMS may equalize payments for 
interventional techniques based on the ASC payment 
system as both facilities require accreditation licensing 
and other regulatory policies (192).

For accountable interventional pain management, 
the authors propose that coverage be based on evi-
dence, that the excessive use of certain techniques must 
be addressed, and finally, that payments be equalized 
across ambulatory settings. 

3.1 Coverage for Techniques with Evidence
The evidence for Medicare coverage policies is 

derived from the Medicare Evidence Development & 
Coverage Advisory Committee (MEDCAC), the IOM, 
Agency for Healthcare Research and Quality (AHRQ), 
and various other sources including effective health 
care programs (EHCs).

The MEDCAC was previously the Medicare Cover-
age Advisory Committee (MCAC), which was established 
to provide independent guidance and expert advice to 
the CMS on specific clinical topics (196). The MEDCAC 
is used to supplement the CMS’s internal expertise and 
to allow an unbiased and current deliberation of state-
of-the-art technology and signs (196,197). The MEDCAC 
reviews and evaluates medical literature, technology 
assessments, and examines data and information on 
the effectiveness and appropriateness of medical items 
and services that are covered under Medicare, or that 
may be eligible for coverage under Medicare (197). The 
MEDCAC judges the strength of available evidence and 
makes recommendations to the CMS based on the evi-
dence. The MEDCAC considers several health outcomes 
as part of the deliberations. The committee rates how 
when compared to alternative or standard manage-

Table 15. Medicare and beneficiaries pay more for a 15-minute evaluation and management office visit provided in an outpatient 
department than in a free-standing physician’s office, 2013.

Source(s): MedPAC analysis of payment rates in the 2013 physician fee schedule and OPPS and Medicare Payment Advisory Commission. 
Report to the Congress. Medicare and the Health Care Delivery System. Washington, DC: MedPAC. June 2013. www.medpac.gov/documents/
Jun13_EntireReport.pdf 
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ment approaches for the condition under review, the 
intervention affects:

•	 The	quality	of	life	morbidity,	mortality,	diagnostic	
accuracy for diagnostic interventions, and impact 
on management.

•	 Other	health	outcomes	as	appropriate,	such	as	free	
hospitalizations.

Consequently, the MEDCAC focuses and greatly 
values information on the effect of treatments on qual-
ity of life, functional status, and other relevant aspects 
of health. While the MEDCAC utilizes all types of infor-
mation, the most valuable data regarding outcomes are 
derived from scientific studies such as clinical trials.

As with per many of the systematic evaluations, 
guidelines, and the MEDCAC, the definition of ad-
equate evidence includes both the validity of the evi-
dence and its general applicability or generalizability 
to the population of interest. The evidence derived 
from randomized-controlled trials is considered as 
the most rigorous type of evidence (12,45,61-64,198-
201). The ideal randomized clinical trial is conducted 
in clinical practice in the patient population of inter-
est, and evaluates interventions as typically used in 
routine clinical practice (12,57,140,202,203). However, 
there continues to be misunderstanding between a 
diagnostic intervention study and placebo-control and 
active-control trials, and a misunderstanding of the 
placebo itself (12,45,57,63,140,202-218). Overall, this 
lack of understanding and ignoring the evidence with 
methodological assessment alone leads to inappropri-
ate conclusions which may be incorporated into various 
policies (12,70,77,219-235). 

Further, the Medicare Integrity Manual (134) also 
provided the process to develop LCDs with the inclusion 
of reasonable and necessary provisions based on pub-
lished authoritative evidence derived from definitive 
randomized clinical trials or other definitive studies and 
general acceptance by the medical community (stan-
dard of practice). Further, the conclusions and opinions 
must be supported by sound medical evidence based 
scientific data or research studies published in peer-
reviewed medical journals. Thus, this evidence takes the 
precedence over consensus of expert medical opinion 
or medical opinions derived from consultations with 
medical associations or other health care experts. In 
general, Medicaid and all other carriers also utilize the 
same philosophy; however, most of these guidelines are 
developed by commercial organizations with a focus on 

reducing the expenditures with minimal consideration 
to access to care.

Development of policies based on these principles 
will reduce significant utilizations, specifically those 
with limited evidence which should be performed un-
der only restricted conditions. 

Even though there is significant debate on the 
effectiveness of various interventional techniques and 
no single guideline, systematic review or organization 
accepted by all, a collaborative evidence development 
must be based on the synthesis of evidence. . The Amer-
ican Society of Interventional Pain Physicians (ASIPP) 
interventional techniques guidelines, based on IOM 
principles (12), provided recommendations for various 
interventional techniques. They concluded that the evi-
dence was fair to good for only 62% of the diagnostic 
interventions and 52% of the therapeutic interven-
tions assessed. These guidelines were developed by a 
multidisciplinary panel of 51 experts with broad repre-
sentation of academic and nonacademic clinical practi-
tioners, a variety of practices and geographic areas, all 
with interest and expertise in interventional techniques 
and chronic pain management. They provided posi-
tive as well as negative evidence. Of the 8 diagnostic 
techniques assessed, good evidence was available for 
only 4 or 50% of the diagnostic interventions, with fair 
evidence for one intervention and limited evidence 
for the remaining 3 interventions. Similarly, of the 42 
therapeutic interventions assessed, good evidence 
was available for only 5 or 12% of interventions, fair 
evidence was available for 17 or 40% of interventions, 
and/or poor evidence was available for the remaining 
20 interventions. Consequently, good to fair evidence is 
available for only half of the therapeutic interventions 
and slightly less than two-thirds of the diagnostic in-
terventions assessed. These evidence-based guidelines 
provide an appropriate approach to coverage policies 
describing the frequency of interventions.

3.2 Addressing Excessive Use of Specific 
Techniques

As shown earlier in this manuscript, some interven-
tional techniques are escalating at a rapidly increasing 
rate (i.e., lumbar transforaminal epidural injections 
806% and lumbar radiofrequency neurotomy 662%). In 
addition, certain areas have utilized techniques more 
than other areas. On the same token, there have been 
substantial specialty variations. 

Any policy should address these issues and isolate 
the reasons for excessive use. The OIG investigations 
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into transforaminal epidural injections and facet joint 
injections (49,50) have shown significant issues with 
specialties and certain areas. 

Changes in the proposed rates (190,191) in the pay-
ment schedule eliminating payments for subsequent 
procedures in facility settings may reduce some of these 
overuses. However, a significant proportion of proce-
dures are also performed in office settings. Despite 2 
separate specialty designations of interventional pain 
management in 2002 and pain management in 2001, 
the MedPAC definition of interventional techniques, 
and representation of interventional pain management 
as a specialty on the CAC, multiple primary specialties 
leading to specialization in interventional pain man-
agement or pain medicine, including anesthesiology, 
physical medicine and rehabilitation, neurology and 
psychiatry, have dominated the utilization of interven-
tional techniques, along with various other specialties 
including surgical specialties, radiology specialties, 
medical specialties, and other providers. Only 29% of 
procedures were performed in 2011 by those desig-
nated for interventional pain management, whereas 
9% were performed by the physicians designated for 
pain management during 2011, which included all 
interventional techniques except implantables, verte-
bral augmentation procedures, continuous epidurals, 
intraauricular injections, trigger point or ligament 
injections, and peripheral nerve blocks. Consequently, 
the majority (62%) of procedures are performed by 
various other specialties and defined as interventional 
techniques by the MedPAC.

Thus, the appropriate training of physicians is an 
important facet which may be reinforced with board 
certification or fellowship training, specifically by those 
boards which assess a person’s ability to perform inter-
ventional techniques safely and effectively. 

Specialty variations are also significantly impor-
tant. While their primary specialty is anesthesiology, 
many well trained anesthesiologists and physiatrists 
continue to perform a majority of the procedures; 
however, other specialties, with no training in inter-
ventional pain management, also continue to perform 
these procedures. 

3.3 Equalizing Payments across Ambulatory 
Settings

Utilizing payments for E/M services is one of the 
components of controlling costs of interventional 
pain management techniques. The second component 
relates to equalizing payments for interventional 

techniques. The MedPAC looked at HOPD and ASC 
procedures for equalizing payment rates, comparing 
the procedures that are performed in ASCs to hospital 
outpatient surgery rather than an office settings. Pay-
ments in ASC and HOPD settings are based on relative 
weights, even though the ASC system uses a lower con-
version factor. In contrast to ASC and HOPD payments, 
in-office payments are calculated with a different 
practice expense component rather than a facility com-
ponent. Consequently, payment rates for all procedures 
are much higher in the OPPS for 2013, with Medicare 
rates for most services being 80% higher in HOPDs than 
in ASCs as shown in Table 14. However, the differences 
are even more dramatic in the proposed 2014 schedule, 
with most services being 87% higher in HOPDs than 
ASCs (191). Similarly, payment rates are higher in ASCs 
compared to physician offices. Consequently, we pro-
pose that payments be equalized between ASCs and 
HOPDs since the complexity of these patients and other 
overhead factors such as licensing and regulations are 
similar in both settings. Manchikanti et al (42), in their 
analysis of the growth of spinal interventional pain 
management techniques and expenditures from 2000 
to 2008, showed significant differences between vari-
ous settings, with hospitals being the most expensive 
settings. As the MedPAC proposed, 3 criteria may be 
utilized to select services for which payment rates could 
be equalized between outpatient departments and 
ASCs.  

•	 Safe	and	appropriate	services
•	 Infrequently	provided	with	an	emergency	depart-

ment visit when furnished in an HOPD.
•	 Similar	 payment	 severity,	 i.e.,	 difference	 in	 pay-

ment rate between the systems.

The MedPAC defined 12 APCs that met the 3 cri-
teria for making payment rates equal between HOPDs 
and ASCs (70). These APCs included 3 nerve injection 
groups, namely APC 203, 204, and 207 as shown in 
Table 15. The MedPAC estimated that equalizing pay-
ment rates between HOPDs and ASCs for these 12 APCs 
would reduce program spending and beneficiary cost 
sharing by a total of about $590 million in one year. 
Equalizing payments for level IV nerve injections with 
APC 203 describing percutaneous adhesiolysis and 
neurolytic procedures will reduce payments by $13.2 
million, whereas Level III nerve injections with APC 207 
describing epidural injections, facet joint injections, 
and sacroiliac joint injections will reduce payments by 
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$147.5 million with a total savings from both APCs of 
$160.7 million. The MedPAC also projected that APC 
204 with Level I nerve injections including trigger point 
injections and peripheral nerve blocks, there would be 
a savings of $46.7 million with a total savings of $207.4 
million per year from Medicare payments. The MedPAC 
also estimated that equalizing payment rates between 
settings for these multiple APCs would reduce the over-
all Medicare revenue by 0.4% for hospitals and HOPD 
revenue by 1.7%. The MedPAC also described and il-
lustrated the stop loss model in the context of revising 
payment rates for APCs and equalizing payment rates 
between various settings.

As described earlier, the changes for physical 
therapy and mammography testing have not produced 
any significant access issues. Consequently, Medicare, 
Medicaid, and all other providers may apply the same 
philosophy and curb expenses while maintaining access 
for a large proportion of patients when coverage is pro-
vided based on the evidence, and when excessive use of 
specific techniques are addressed.

conclusIon

We recommend providing coverage for techniques 
with evidence, addressing excessive use of specific 
techniques, and equalizing payments across multiple 
ambulatory settings. 

This manuscript describes various suggestions for 
providing accountable interventional pain manage-
ment. However, this is only achievable through col-
laboration between practitioners, patients, payers, and 
government. For evaluation and management services 

at present, Medicare pays approximately 70% more in 
a HOPD setting than in office service. For interventional 
techniques, total Medicare payments vary from $211.96 
in an office setting to $407.28 in an ASC setting, and 
$655.62 in a HOPD for procedures such as epidural 
injections. 

Consequently, we assert that a prudent purchaser 
should not pay more for that service in one setting than 
in another. At the same time, a patient should not have 
to undergo either an unnecessary procedure or omit a 
procedure based on insurance coverage and misappro-
priation of revenues based on inappropriate evidence. 
Thus, accountable interventional pain management 
also provides uniformity among payments, avoiding to-
tal health care expenses by moving the services to more 
expensive settings.

In summary, we have identified multiple interven-
tional techniques with escalating growth and variations 
with payment discrepancies in different settings. We 
propose that coverage for interventional techniques be 
linked with evidence, they the excessive use of specific 
techniques is addressed, and that payments are equal-
ized across various ambulatory settings. 

acknowledgments

The authors wish to thank Vidyasagar Pampati, 
MSc, for statistical assistance; Alvaro F. Gómez, MA, and 
Laurie Swick, BS, for manuscript review; and Tonie M. 
Hatton and Diane E. Neihoff, transcriptionists, for their 
assistance in preparation of this manuscript. We would 
like to thank the editorial board of Pain Physician for 
review and criticism in improving the manuscript.

references

1. Institute of Medicine (IOM). Relieving Pain 
in America: A Blueprint for Transforming 
Prevention, Care, Education, and Research. 
The National Academies Press, Washing-
ton, DC, June 29, 2011.

 www.iom.edu/~/media/Files/Report%20
Files/2011/Relieving-Pain-in-America-A-
Blueprint-for-Transforming-Prevention-
Care-Education-Research/Pain%20Re-
search%202011%20Report%20Brief.pdf

2. Gaskin DJ, Richard P. The economic costs 
of pain in the United States. J Pain 2012; 
13:715-724.

3. US Burden of Disease Collaborators. The 
state of US health, 1999-2010: Burden of 
diseases, injuries, and risk factors. JAMA 
2013; 310:591-608.

4. Freburger JK, Holmes GM, Agans RP, 

Jackman AM, Darter JD, Wallace AS, Cas-
tel LD, Kalsbeek WD, Carey TS. The rising 
prevalence of chronic low back pain. Arch 
Intern Med 2009; 169:251-258.

5. Hoy D, Brooks P, Blyth F, Buchbinder R. 
The epidemiology of low back pain. Best 
Pract Res Clin Rheumatol 2010; 24:769-781.

6. Hoy DG, Protani M, De R, Buchbinder R. 
The epidemiology of neck pain. Best Pract 
Res Clin Rheumatol 2010; 24:783-792.

7. Leigh JP. Economic burden of occupation-
al injury and illness in the United States. 
Milbank Q 2011; 89:728-772.

8. Bhushan A, Leigh JP. National trends in 
occupational injuries before and after 1992 
and predictors of workers’ compensation 
costs. Public Health Rep 2011; 126:625-634.

9. U.S. Social Security Administration. Annu-

al statistical report on the Social Security 
Disability Insurance Program, 2011. Re-
lease July 2012. www.ssa.gov/policy/docs/
statcomps/di_asr/2011/di_asr11.pdf

10. Saastamoinen P, Leino-Arjas P, Laaksonen 
M, Lahelma E. Socio-economic differ-
ences in the prevalence of acute, chronic 
and disabling chronic pain among ageing 
employees. Pain 2005; 114:364-371.

11. Manchikanti L, Hirsch JA. Lessons learned 
in the abuse of pain relief medication: A 
focus on health care costs. Expert Rev Neu-
rother 2013; 13:527-544.

12. Manchikanti L, Abdi S, Atluri S, Benya-
min RM, Boswell MV, Buenaventura RM, 
Bryce DA, Burks PA, Caraway DL, Calod-
ney AK, Cash KA, Christo PJ, Cohen SP, 
Colson J, Conn A, Cordner HJ, Coubarous 



Pain Physician: November/December 2013; 16:E635-E670

E664  www.painphysicianjournal.com

S, Datta S, Deer TR, Diwan SA, Falco FJE, 
Fellows B, Geffert SC, Grider JS, Gupta 
S, Hameed H, Hameed M, Hansen H, 
Helm II S, Janata JW, Justiz R, Kaye AD, 
Lee M, Manchikanti KN, McManus CD, 
Onyewu O, Parr AT, Patel VB, Racz GB, 
Sehgal N, Sharma M, Simopoulos TT, 
Singh V, Smith HS, Snook LT, Swicegood 
J, Vallejo R, Ward SP, Wargo BW, Zhu J, 
Hirsch JA. An update of comprehensive 
evidence-based guidelines for interven-
tional techniques of chronic spinal pain: 
Part II: Guidance and recommendations. 
Pain Physician 2013; 16:S49-S283.

13. Martin BI, Deyo RA, Mirza SK, Turner 
JA, Comstock BA, Hollingworth W, Sul-
livan SD. Expenditures and health status 
among adults with back and neck prob-
lems. JAMA 2008; 299:656-664. Erratum 
in: JAMA 2008; 299:2630.

14. Martin BI, Turner JA, Mirza SK, Lee MJ, 
Comstock BA, Deyo RA. Trends in health 
care expenditures, utilization, and health 
status among US adults with spine prob-
lems, 1997-2006. Spine (Phila Pa 1976) 
2009; 34:2077-2084.

15. Rajaee SS, Bae HW, Kanim LE, Delamar-
ter RB. Spinal fusion in the United States: 
Analysis of trends from 1998 to 2008. 
Spine (Phila Pa 1976) 2012; 37:67-76.

16. Bae HW, Rajaee SS, Kanim LE. Nation-
wide trends in the surgical management 
of lumbar spinal stenosis. Spine (Phila Pa 
1976). 2013;38:916-926.

17. Kim CH, Chung CK, Park CS, Choi B, Kim 
MJ, Park BJ. Reoperation rate after surgery 
for lumbar herniated intervertebral disc 
disease: Nationwide cohort study. Spine 
(Phila Pa 1976) 2013; 38:581-590.

18. Ohtori S, Koshi T, Yamashita M, Yamau-
chi K, Inoue G, Suzuki M, Orita S, Eguchi 
Y, Ochiai N, Kishida S, Takaso M, Kuniyo-
shi K, Aoki Y, Ishikawa T, Arai G, Miyagi 
M, Kamoda H, Suzuki M, Nakamura J, 
Toyone T, Takahashi K. Surgical versus 
nonsurgical treatment of selected pa-
tients with discogenic low back pain: A 
small-sized randomized trial. Spine (Phila 
Pa 1976) 2011; 36:347-354.

19. Madan S, Gundanna M, Harley JM, Boer-
ee NR, Sampson M. Does provocative 
discography screening of discogenic back 
pain improve surgical outcome? J Spinal 
Disord Tech 2002; 15:245-251.

20. Kovacs FM, Urrútia G, Alarcón JD. Sur-
gery versus conservative treatment for 
symptomatic lumbar spinal stenosis: A 
systematic review of randomized con-
trolled trials. Spine (Phila Pa 1976) 2011; 
36:E1335-E1351.

21. Jacobs WC, van Tulder M, Arts M, Rubin-

stein SM, van Middelkoop M, Ostelo R, 
Verhagen A, Koes B, Peul WC. Surgery 
versus conservative management of sci-
atica due to a lumbar herniated disc: 
A systematic review. Eur Spine J 2011; 
20:513-522.

22. Patil PG, Turner DA, Pietrobon R. Na-
tional trends in surgical procedures for 
degenerative cervical spine disease: 1990-
2000. Neurosurgery 2005; 57:753-758.

23. Oglesby M, Fineberg SJ, Patel AA, Pelton 
MA, Singh K. Epidemiological trends in 
cervical spine surgery for degenerative 
diseases between 2002 and 2009. Spine 
(Phila Pa 1976) 2013; 38:1226-1232.

24. Boselie TF, Willems PC, van Mameren H, 
de Bie RA, Benzel EC, van Santbrink H. 
Arthroplasty versus fusion in single-level 
cervical degenerative disc disease: a Co-
chrane review. Spine (Phila Pa 1976) 2013; 
38:E1096-E1107

25. Wang TY, Lubelski D, Abdullah KG, Stein-
metz MP, Benzel EC, Mroz TE. Rates of 
anterior cervical discectomy and fusion 
after initial posterior cervical foraminoto-
my. Spine J 2013; [Epub ahead of print].

26. Fineberg SJ, Oglesby M, Patel AA, Pel-
ton MA, Singh K. Outcomes of cervical 
spine surgery in teaching and non-teach-
ing hospitals. Spine (Phila Pa 1976) 2013; 
38:1089-1096.

27. Shamji MF, Cook C, Pietrobon R, Tackett 
S, Brown C, Isaacs RE. Impact of surgical 
approach on complications and resource 
utilization of cervical spine fusion: A na-
tionwide perspective to the surgical treat-
ment of diffuse cervical spondylosis. Spine 
J 2009; 9:31-38.

28. Cunningham MR, Hershman S, Bendo J. 
Systematic review of cohort studies com-
paring surgical treatments for cervical 
spondylotic myelopathy. Spine (Phila Pa 
1976) 2010; 35:537-543.

29. Weinstein JN, Tosteson TD, Lurie JD, 
Tosteson AN, Hanscom B, Skinner JS, 
Abdu WA, Hilibrand AS, Boden SD, 
Deyo RA. Surgical vs nonoperative treat-
ment for lumbar disk herniation: The 
Spine Patient Outcomes Research Trial 
(SPORT): A randomized trial. JAMA 2006; 
296:2441-2450.

30. Weinstein JN, Lurie JD, Tosteson TD, 
Skinner JS, Hanscom B, Tosteson AN, 
Herkowitz H, Fischgrund J, Cammisa FP, 
Albert T, Deyo RA.Surgical vs nonopera-
tive treatment for lumbar disk herniation. 
The Spine Patient Outcomes Research 
Trial (SPORT): Observational cohort. 
JAMA. 2006; 296:2451-2459.

31. van Middelkoop M, Rubinstein SM, Kui-
jpers T, Verhagen AP, Ostelo R, Koes BW, 

van Tulder MW. A systematic review on 
the effectiveness of physical and reha-
bilitation interventions for chronic non-
specific low back pain. Eur Spine J 2011; 
20:19-39.

32. Rubinstein SM, van Middelkoop M, As-
sendelft WJ, de Boer MR, van Tulder 
MW. Spinal manipulative therapy for 
chronic low-back pain: An update of a Co-
chrane review. Spine (Phila Pa 1976) 2011; 
36:E825-E846.

33. Tosteson AN, Tosteson TD, Lurie JD, Abdu 
W, Herkowitz H, Andersson G, Albert T, 
Bridwell K, Zhao W, Grove MR, Weinstein 
MC, Weinstein JN. Comparative effec-
tiveness evidence from the spine patient 
outcomes research trial: Surgical versus 
nonoperative care for spinal stenosis, de-
generative spondylolisthesis, and inter-
vertebral disc herniation. Spine (Phila Pa 
1976) 2011; 36:2061-2068.

34. Baaj AA, Downes K, Vaccaro AR, Uribe JS, 
Vale FL. Trends in the treatment of lum-
bar spine fractures in the United States: 
A socioeconomics perspective: Clinical 
article. J Neurosurg Spine 2011; 15:367-370.

35. Davis MA, Sirovich BE, Weeks WB. Utili-
zation and expenditures on chiropractic 
care in the United States from 1997 to 
2006. Health Serv Res 2010; 45:748-761.

36. Machlin SR, Chevan J, Yu WW, Zodet 
MW. Determinants of utilization and ex-
penditures for episodes of ambulatory 
physical therapy among adults. Phys Ther 
2011; 91:1018-1029.

37. Fritz JM, Childs JD, Wainner RS, Flynn 
TW. Primary care referral of patients with 
low back pain to physical therapy: Impact 
on future health care utilization and costs. 
Spine (Phila Pa 1976) 2012; 37:2114-2121.

38. Shields LB, Raque GH, Glassman SD, 
Campbell M, Vitaz T, Harpring J, Shields 
CB. Adverse effects associated with high-
dose recombinant human bone morpho-
genetic protein-2 use in anterior cervical 
spine fusion. Spine (Phila Pa 1976) 2006; 
31:542-547.

39. Fu R, Selph S, McDonagh M, Peterson 
K, Tiwari A, Chou R, Helfand M. Effec-
tiveness and harms of recombinant hu-
man bone morphogenetic protein-2 in 
spine fusion: A systematic review and 
meta-analysis. Ann Intern Med 2013; 
158:890-902.

40. Simmonds MC, Brown JV, Heirs MK, 
Higgins JP, Mannion RJ, Rodgers MA, 
Stewart LA. Safety and effectiveness of re-
combinant human bone morphogenetic 
protein-2 for spinal fusion: A meta-analy-
sis of individual-participant data. Ann In-
tern Med 2013; 158:877-889.



Accountable Interventional Pain Management

www.painphysicianjournal.com  E665

41. Manchikanti L, Pampati V, Falco FJE, 
Hirsch JA. Growth of spinal interventional 
pain management techniques: Analysis of 
utilization trends and Medicare expendi-
tures 2000 to 2008. Spine (Phila Pa 1976) 
2013; 38:157-168.

42. Manchikanti L, Falco FJE, Singh V, Pam-
pati V, Parr AT, Benyamin RM, Fellows B, 
Hirsch JA. Utilization of interventional 
techniques in managing chronic pain 
in the Medicare population: Analysis of 
growth patterns from 2000 to 2011. Pain 
Physician 2012; 15:E969-E982.

43. Abbott ZI, Nair KV, Allen RR, Akuthota VR. 
Utilization characteristics of spinal inter-
ventions. Spine J 2012; 1:35-43.

44. Chou R, Huffman L. Guideline for the Use 
of Chronic Opioid Therapy in Chronic Non-
cancer Pain: Evidence Review. American 
Pain Society; Glenview, IL: 2009.

 www.americanpainsociety.org/uploads/
pdfs/Opioid_Final_Evidence_Report.pdf

45. Chou R, Huffman L. Guideline for the Eval-
uation and Management of Low Back Pain: 
Evidence Review. American Pain Society, 
Glenview, IL, 2009. www.americanpain-
society.org/uploads/pdfs/LBPEvidRev.pdf

46. Manchikanti L, Helm II S, Fellows B, Jana-
ta JW, Pampati V, Grider JS, Boswell MV. 
Opioid epidemic in the United States. 
Pain Physician 2012; 15:ES9-ES38.

47. Manchikanti L, Hirsch JA. The pains of 
chronic opioid usage [Spotlight]. AHRQ 
WebM&M [serial online]. September 
2013. 

 h t t p : / / w e b m m . a h r q . g o v / c a s e .
aspx?caseID=305

48. Manchikanti L, Pampati V, Hirsch JA. 
Analysis of utilization patterns of verte-
broplasty and kyphoplasty in the Medi-
care population. J Neurointervent Surg 
2013; 5:467-472.

49. US Department of Health and Human 
Services. Office of Inspector General 
(OIG). Medicare Payments for Facet Joint 
Injection Services (OEI-05-07-00200). 
September 2008. www.oig.hhs.gov/oei/
reports/oei-05-07-00200.pdf

50. US Department of Health and Human 
Services. Office of Inspector General 
(OIG). Inappropriate Medicare Payments 
for Transforaminal Epidural Injection Ser-
vices (OEI-05-09-00030). August 2010. 
http://oig.hhs.gov/oei/reports/oei-05-09-
00030.pdf

51. The National Uniform Claims Commit-
tee. Specialty Designation for Interven-
tional Pain Management -09. 

52. Medicare Payment Advisory Commission 
Report to the Congress. Paying for In-

terventional Pain Services in Ambulatory 
Settings. December 2001.

53. Department of Health and Human Ser-
vices Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 409, 410, 411, 
413, 414, 415, and 424. Medicare Program; 
Payment Policies Under the Physician Fee 
Schedule and Other Revisions to Part B 
for CY 2011; Final Rule. November 29, 
2010.

54. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 414, 415, and 
495. Medicare Program; Payment Policies 
under the Physician Fee Schedule, Five-
Year Review of Work Relative Value Units, 
Clinical Laboratory Fee Schedule: Signa-
ture on Requisition, and Other Revisions 
to Part B for CY 2012. January 4, 2012.

55. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 416, 419, 476, 478, 
480, and 495. Hospital Outpatient Pro-
spective Payment and Ambulatory Surgi-
cal Center Payment Systems and Quality 
Reporting Programs; Electronic Report-
ing Pilot; Inpatient Rehabilitation Facili-
ties Quality Reporting Program; Revision 
to Quality Improvement Organization 
Regulations. CY 2013; Final Rule. Novem-
ber 15, 2012.

56. Manchikanti L, Falco FJE, Benyamin RM, 
Helm II S, Singh V, Hirsch JA. Value-based 
interventional pain management: A re-
view of Medicare national and local cover-
age determination policies. Pain Physician 
2013; 16:E145-E180.

57. Manchikanti L, Helm II S, Hirsch JA. The 
evolution of the Patient-Centered Out-
come Research Institute. J Neurointervent 
Surg 2012; 4:157-162.

58. Manchikanti L, Hirsch JA. The Indepen-
dent Payment Advisory Board: Impact 
on neurointerventionalists. J Neurointerv 
Surg 2012; 4:468-472.

59. Organisation for Economic Co-operation 
and Development (OECD). OECD Health 
Data 2013 - Frequently Requested Data. 
www.oecd.org/els/health-systems/oecd-
healthdata2013-frequentlyrequesteddata.
htm 

60. World Health Organization. Global health 
expenditure database. www.who.int/nha/
expenditure_database/en/ 

61. Antos JR, Pauly MV, Wilensky GR. Bend-
ing the cost curve through market-based 
incentives. N Engl J Med 2012; 367:954-958. 

62. Keehan SP, Cuckler GA, Sisko AM, Madi-
son AJ, Smith SD, Lizonitz JM, Poisal JA, 
Wolfe CJ. National health expenditure 
projections: Modest annual growth until 

coverage expands and economic growth 
accelerates. Health Aff (Millwood) 2012; 
31:1600-1612.

63. Public Law No: 111-148: H.R. 3590. Pa-
tient Protection and Affordable Care Act. 
March 23, 2010.

64. Manchikanti L, Hirsch JA. Obamacare 
2012: Prognosis unclear for interventional 
pain management. Pain Physician 2012; 
15:E629-E640.

65. 2013 Annual Report of the Boards of 
Trustees of the Federal Hospital Insur-
ance and Federal Supplementary Medi-
cal Insurance Trust Funds, May 31, 2013. 
www.cms.gov/Research-Statistics-Data-
and-Systems/Statistics-Trends-and-Re-
ports/ReportsTrustFunds/Downloads/
TR2013.pdf 

66. Manchikanti L, Hirsch JA. Regulatory bur-
dens of the Affordable Care Act. Harvard 
Health Policy Rev 2012; 13:9-12.

67. Congressional Budget Office. Updated 
estimates for the insurance coverage 
provisions of the Affordable Care Act. 
March 2012. www.cbo.gov/sites/default/
files/cbofiles/attachments/03-13-Cover-
age%20Estimates.pdf 

68. Hoffman A, Emanuel EJ. Reengineering 
US health care. JAMA 2013; 309:661-662.

69. Shortell SM. Bridging the divide be-
tween health and health care. JAMA 2013; 
309:1121-1122. 

70. Medicare Payment Advisory Commission. 
Report to the Congress. Medicare and the 
Health Care Delivery System. Washing-
ton, DC: MedPAC. June 2013. www.med-
pac.gov/documents/Jun13_EntireReport.
pdf 

71. Chou R, Atlas SJ, Loeser JD, Rosenquist 
RW, Stanos SP. Guideline warfare over in-
terventional therapies for low back pain: 
Can we raise the level of discourse? J Pain 
2011; 12:833-839.

72. Manchikanti L, Benyamin RM, Falco FJE, 
Caraway DL, Datta S, Hirsch JA. Guide-
lines warfare over interventional tech-
niques: Is there a lack of discourse or 
straw man? Pain Physician 2012; 15:E1-E26.

73. American Society of Anesthesiologists 
Task Force on Chronic Pain Management; 
American Society of Regional Anesthesia 
and Pain Medicine. Practice guidelines for 
chronic pain management: An updated 
report by the American Society of Anes-
thesiologists Task Force on Chronic Pain 
Management and the American Society 
of Regional Anesthesia and Pain Medi-
cine. Anesthesiology 2010; 112:810-833.

74. Airaksinen O, Brox JI, Cedraschi C, Hil-
debrandt J, Klaber-Moffett J, Kovacs F, 



Pain Physician: November/December 2013; 16:E635-E670

E666  www.painphysicianjournal.com

Mannion AF, Reis S, Staal JB, Ursin H, 
Zanoli G. Chapter 4: European guidelines 
for the management of chronic non-
specific low back pain. Eur Spine J 2006; 
15:S192-S300.

75. Furlan AD, Yazdi F, Tsertsvadze A, Gross 
A, Van Tulder M, Santaguida L, Gagnier 
J, Ammendolia C, Dryden T, Doucette 
S, Skidmore B, Daniel R, Ostermann T, 
Tsouros S. A systematic review and me-
ta-analysis of efficacy, cost-effectiveness, 
and safety of selected complementary 
and alternative medicine for neck and 
low-back pain. Evid Based Complement Al-
ternat Med 2012; 2012:953139.

76. Staal JB, de Bie RA, de Vet HC, Hildeb-
randt J, Nelemans P. Injection therapy for 
subacute and chronic low back pain: An 
updated Cochrane review. Spine (Phila Pa 
1976) 2009; 34:49-59.

77. Pinto RZ, Maher CG, Ferreira ML, Han-
cock M, Oliveira VC, McLachlan AJ, Koes 
B, Ferreira PH. Epidural corticosteroid in-
jections in the management of sciatica: A 
systematic review and meta-analysis. Ann 
Intern Med 2012; 157:865-877.

78. Cohen SP, Bicket MC, Jamison D, Wilkin-
son I, Rathmell JP. Epidural steroids: A 
comprehensive, evidence-based review. 
Reg Anesth Pain Med 2013; 38:175-200.

79. Bicket M, Gupta A, Brown CH, Cohen SP. 
Epidural injections for spinal pain: A sys-
tematic review and meta-analysis evaluat-
ing the “control” injections in random-
ized controlled trials. Anesthesiology 2013; 
119:907-931.

80. Manchikanti L, Falco FJE, Hirsch JA. Epi-
dural corticosteroid injections in the 
management of sciatica. Ann Intern Med 
2012; 157:865-877; online comment post-
ed March 29, 2013.

81. Roberts ST, Willick SE, Rho ME, Ritten-
berg JD. Efficacy of lumbosacral transfo-
raminal epidural steroid injections: A sys-
tematic review. PM R 2009; 1:657-668.

82. Quraishi NA. Transforaminal injection of 
corticosteroids for lumbar radiculopathy: 
Systematic review and meta-analysis. Eur 
Spine J 2012; 21:214-219.

83. Benny B, Azari P. The efficacy of lumbosa-
cral transforaminal epidural steroid injec-
tions: A comprehensive literature review. J 
Back Musculoskelet Rehabil 2011; 24:67-76.

84. Rho ME, Tang CT. The efficacy of lumbar 
epidural steroid injections: Transforami-
nal, interlaminar, and caudal approach-
es. Phys Med Rehabil Clin N Am 2011; 
22:139-148.

85. Koes BW, Scholten RJ, Mens JM, Bouter 
LM. Efficacy of epidural steroid injections 

for low back pain and sciatica: A system-
atic review of randomized clinical trials. 
Pain 1995; 63:279-288.

86. Koes BW, Scholten RJ, Mens JMA, Bouter 
LM. Epidural steroid injections for low 
back pain and sciatica. An updated sys-
tematic review of randomized clinical tri-
als. Pain Digest 1999; 9:241-247.

87. Guerts JW, van Wijk RM, Stolker RJ, Groen 
GJ. Efficacy of radiofrequency procedures 
for the treatment of spinal pain: A sys-
tematic review of randomized clinical tri-
als. Reg Anesth Pain Med 2001; 26:394-400.

88. Niemisto L, Kalso E, Malmivaara A, Seit-
salo S, Hurri H. Radiofrequency denerva-
tion for neck and back pain: A systematic 
review within the framework of the Co-
chrane Collaboration Back Review Group. 
Spine (Phila Pa 1976) 2003; 28:1877-1888.

89. Macvicar J, King W, Landers MH, Bogduk 
N. The effectiveness of lumbar transfo-
raminal injection of steroids: A compre-
hensive review with systematic analysis 
of the published data. Pain Med 2013; 
14:14-28.

90. Bogduk N. A narrative review of 
intraarticular corticosteroid injections for 
low back pain. Pain Med 2005; 6:287-296.

91. Bogduk N, Dreyfuss P, Govind J. A narra-
tive review of lumbar medial branch neu-
rotomy for the treatment of back pain. 
Pain Med 2009; 10:1035-1045.

92. Depalma MJ, Ketchum JM, Trussell BS, 
Saullo TR, Slipman CW. Does the location 
of low back pain predict its source? PMR 
2011; 3:33-39.

93. Pearson AM, Blood EA, Frymoyer JW, 
Herkowitz H, Abdu WA, Woodward R, 
Longley M, Emery SE, Lurie JD, Tosteson 
TD, Weinstein JN. SPORT lumbar inter-
vertebral disk herniation and back pain: 
Does treatment, location, or morphol-
ogy matter? Spine (Phila Pa 1976) 2008; 
33:428-435.

94. van Tulder MWV, Koes BW, Bouter LM. 
Conservative treatment of acute and 
chronic nonspecific low back pain. A sys-
tematic review of randomized controlled 
trials of the most common interventions. 
Spine (Phila Pa 1976) 1997; 22:2128-2156.

95. van Rijn RM, Wassenaar M, Verhagen AP, 
Ostelo RW, Ginai AZ, de Boer MR, van 
Tulder MW, Koes BW. Computed tomog-
raphy for the diagnosis of lumbar spinal 
pathology in adult patients with low back 
pain or sciatica: A diagnostic systematic 
review. Eur Spine J 2012; 21:228-239.

96. Henschke N, Kuijpers T, Rubinstein SM, 
van Middelkoop M, Ostelo R, Verhagen 
A, Koes BW, van Tulder MW. Injection 
therapy and denervation procedures for 

chronic low-back pain: A systematic re-
view. Eur Spine J 2010; 19:1425-1449.

97. Friedman JH, Dighe G. Systematic review 
of caudal epidural injections in the man-
agement of chronic back pain. R I Med J 
(2013) 2013; 96:12-16.

98. Staal JB, Nelemans PJ, de Bie RA. Spinal 
injection therapy for low back pain. JAMA 
2013; 309:2439-2440. 

99. Benoist M, Boulu P, Hayem G. Epidural 
steroid injections in the management of 
low-back pain with radiculopathy: an up-
date of their efficacy and safety. Eur Spine 
J 2012; 21:204-213.

100. Gerdesmeyer L, Wagenpfeil S, Birken-
maier C, Veihelmann A, Hauschild M, 
Wagner K, Al Muderis M, Gollwitzer H, 
Diehl P, Toepfer A. Percutaneous epi-
dural lysis of adhesions in chronic lum-
bar radicular pain: A prospective random-
ized controlled trial. Pain Physician 2013; 
16:185-196.

101. Manchikanti L, Pampati V, Falco FJE, 
Hirsch JA. Assessment of the growth of 
epidural injections in the Medicare popu-
lation from 2000 to 2011. Pain Physician 
2013; 16:E349-E364.

102. Manchikanti L, Pampati V, Singh V, Falco 
FJE. Assessment of the escalating growth 
of facet joint interventions in the Medi-
care population in the United States 
from 2000 to 2011. Pain Physician 2013; 
16:E365-E378.

103. Manchikanti L, Hansen H, Pampati V, 
Falco FJE. Utilization and growth patterns 
of sacroiliac joint injections from 2000 
to 2011 in the Medicare population. Pain 
Physician 2013; 16:E379-E390.

104. Scanlon GC, Moeller-Bertram T, Ro-
manowsky SM, Wallace MS. Cervical 
transforaminal epidural steroid injec-
tions: More dangerous than we think? 
Spine (Phila Pa 1976) 2007; 32:1249-1256.

105. Huntoon MA. Anatomy of the cervical 
intervertebral foramina: Vulnerable arter-
ies and ischemic neurologic injuries after 
transforaminal epidural injections. Pain 
2005; 117:104-111.

106. Malhotra G, Abbasi A, Rhee M. Complica-
tions of transforaminal cervical epidural 
steroid injections. Spine (Phila Pa 1976) 
2009; 34:731-739.

107. Glaser SE, Falco F. Paraplegia following 
a thoracolumbar transforaminal epidur-
al steroid injection. Pain Physician 2005; 
8:309-314.

108. Glaser SE, Shah RV. Root cause analysis 
of paraplegia following transforaminal 
epidural steroid injections: The “unsafe” 
triangle. Pain Physician 2010; 13:237-244.



Accountable Interventional Pain Management

www.painphysicianjournal.com  E667

109. Houten JK, Errico TJ. Paraplegia after 
lumbosacral nerve root block: Report of 
three cases. Spine J 2002; 2:70-75.

110. Huntoon MA, Martin DP. Paralysis af-
ter transforaminal epidural injection and 
previous spinal surgery. Reg AnesthPain 
Med 2004; 29:494-495.

111. Somayaji HS, Saifuddin A, Casey ATH, 
Briggs TWR. Spinal cord infarction fol-
lowing therapeutic computed tomogra-
phy-guided left l2 nerve root injection. 
Spine (Phila Pa 1976) 2005; 30:E106-E108.

112. Quintero N, Laffont I, Bouhmidi L, Rech 
C, Schneider AE, Gavardin T, Dizien O. 
Transforaminal epidural steroid injec-
tion and paraplegia: Case report and bib-
liographic review. Ann Readapt Med Phys 
2006; 49:242-247.

113. Kennedy DJ, Dreyfuss P, Aprill CN, Bog-
duk N. Paraplegia following image guid-
ed transforaminal lumbar spine epidural 
steroid injection: Two case reports. Pain 
Med 2009; 10:1389-1394.

114. Lyders EM, Morris PP. A case of spinal 
cord infarction following lumbar trans-
foraminal epidural steroid injection: MR 
imaging and angiographic findings. AJNR 
Am J Neuroradiol 2009; 30:1691-1693.

115. Wybier M, Gaudart S, Petrover D, Houd-
art E, Laredo JD. Paraplegia complicating 
selective steroid injections of the lumbar 
spine: Report of five cases and review of 
the literature. Eur Radiol 2010; 20:181-189.

116. Atluri S, Glaser SE, Shah RV, Sudarsha 
G. Needle position analysis in cases of 
paralysis from transforaminal epidurals: 
Consider alternative approaches to tra-
ditional techniques. Pain Physician 2013; 
16:321-334.

117. Murthy NS, Maus TP, Behrns CL. Intra-
foraminal location of the great anterior 
radiculomedullary artery (artery of Adam-
kiewicz): A retrospective review. Pain Med 
2010; 11:1756-1764.

118. Chang Chien GC, Candido KD, Kne-
zevic NN. Digital subtraction angiogra-
phy does not reliably prevent paraplegia 
associated with lumbar transforaminal 
epidural steroid injection. Pain Physician 
2012; 15:515-523.

119. Alleyne CH Jr, Cawley CM, Shengelaia 
GG, Barrow DL. Microsurgical anato-
my of the artery of Adamkiewicz and 
its segmental artery. J Neurosurg 1998; 
89:791-795.

120. Kroszczynski AC, Kohan K, Kurowski M, 
Olson TR, Downie SA. Intraforaminal lo-
cation of thoracolumbar anterior medul-
lary arteries. Pain Med 2013; 14:808-812.

121. Rauschning W. Normal and pathological 

anatomy of the nerve root canals. Spine 
(Phila Pa 1976) 1987; 2:1008-1019.

122. van Roy P, Barbaix E, Clarijs JP, Mense S. 
Anatomical background of low back pain: 
Variability and degeneration of the lum-
bar spinal canal and intervertebral disc. 
Schmerz 2001; 15:418-424.

123. Takase K, Sawamura Y, Igarashi K, Chiba 
Y, Haga K, Saito H, Takahashi S. Demon-
stration of the artery of Adamkiewicz at 
multi–detector row helical CT. Radiology 
2002; 223:39-45.

124. Botwin KP, Gruber RD, Bouchlas CG, 
Torres-Ramos FM, Freeman TL, Slaten 
WK. Complications of fluoroscopically 
guided transforaminal lumbar epidural 
injections. Arch Phys Med Rehabil 2000; 
81:1045-1050.

125. Karaman H, Kavak GO, Tüfek A, Yldrm 
ZB. The complications of transforaminal 
lumbar epidural steroid injections. Spine 
(Phila Pa 1976) 2011; 36:E819-E824.

126. Akkaya T, Sayin M. Transforaminal epi-
dural steroid injection and its complica-
tions. Agri 2005; 17:27-39.

127. Furman MB, O’Brien EM, Zgleszewski 
TM. Incidence of intravascular penetra-
tion in transforaminal lumbosacral epi-
dural steroid injections. Spine (Phila Pa 
1976) 2000; 25:2628-2632.

128. Goodman BS, Bayazitoglu M, Mallempa-
ti S, Noble BR, Geffen JF. Dural puncture 
and subdural injection: A complication 
of lumbar transforaminal epidural injec-
tions. Pain Physician 2007; 10:697-705.

129. Kabbara A, Rosenberg SK, Untal C. Meth-
icillin-resistant Staphylococcus aureus 
epidural abscess after transforaminal epi-
dural steroid injection. Pain Physician 
2004; 7:269-272.

130. Goodman BS, Posecion LWF, Mallempati 
S, Bayazitoglu M. Complications and pit-
falls of lumbar interlaminar and transfo-
raminal epidural injections. Curr Rev Mus-
culoskelet Med 2008; 1:212-222.

131. Candido KD, Knezevic N’. Cervical epi-
dural steroid injections for the treatment 
of cervical spinal (neck) pain. Curr Pain 
Headache Rep 2013; 17:314. 

132. Wilkinson IM, Cohen SP. Epidural steroid 
injections. Curr Pain Headache Rep 2012; 
16:50-59. 

133. Current Procedural Terminology. CPT 2002, 
American Medical Association, Chicago, 
2001.

134. Centers for Medicare and Medicaid Ser-
vices (CMS) Manual System. Pub. 100-
08 Medicare Program Integrity Manual. 
www.cms.gov/Regulations-and-Guid-
ance/Guidance/Manuals/Internet-Only-

Manuals-IOMs-Items/CMS019033.html
135. Medicare Program Integrity Manual. 

Chapter 13 - Local Coverage Determina-
tions. Rev. 443, December 14, 2012.

136. Neumann PJ, Chambers JD. Medicare’s 
enduring struggle to define “reasonable 
and necessary” care. N Engl J Med 2012; 
367:1775-1777.

137. Fox J. The hidden role of cost: Medicare 
decisions, transparency and public trust. 
Univ Cinci Law Rev 2010; 79:1-51.

138. Neumann PJ, Weinstein MC. Legislating 
against use of cost-effectiveness informa-
tion. N Engl J Med 2010; 363:1495-1497.

139. Weinstein MC, Siegel JE, Gold MR, Kam-
let MS, Russell LB. Recommendations of 
the Panel on Cost-effectiveness in Health 
and Medicine. JAMA 1996; 276:1253-1258.

140. Manchikanti L, Falco FJ, Benyamin RM, 
Helm S 2nd, Parr AT, Hirsch JA. The im-
pact of comparative effectiveness research 
on interventional pain management: 
Evolution from Medicare Modernization 
Act to Patient Protection and Affordable 
Care Act and the Patient-Centered Out-
comes Research Institute. Pain Physician 
2011; 14:E249-E282.

141. Chambers JD, Neumann PJ, Buxton MJ. 
Does Medicare have an implicit cost-ef-
fectiveness threshold? Med Decis Making 
2010; 30:E14-E27.

142. Medicare Program Integrity Manual Ex-
hibits. Exhibit 3 – Description of CAC 
Members (Rev. 106, Issued: 03-04-05, 
Effective: 02-01-05, Implementation: 04-
04-05). 3.1 – Physicians (Rev. 220, Issued: 
08-24-07, Effective: 09-03-07, Implemen-
tation: 09-03-07).

143. US Department of Health and Human 
Services. Centers for Medicare and Med-
icaid Services (CMS) Manual System. 
Pub. 100-08 Medicare Program Integrity. 
Inclusion of Interventional Pain Man-
agement Specialists on Carrier Advisory 
Committee (CAC) Membership. Change 
request 3721. Effective date: February 1, 
2005. www.cms.hhs.gov/transmittals/
downloads/R106PI.pdf

144. Manchikanti L, Falco FJE, Singh V, Benya-
min RM, Racz GB, Helm S, Caraway DL, 
Calodney AK, Snook LT, Smith HS, Gupta 
S, Ward SP, Grider JS, Hirsch JA. An up-
date of comprehensive evidence-based 
guidelines for interventional techniques 
of chronic spinal pain. Part I: Introduction 
and general considerations. Pain Physi-
cian 2013; 16:S1-S48.

145. Foote SB, Town RJ. Implementing evi-
dence-based medicine through medicare 
coverage decisions. Health Aff (Millwood) 



Pain Physician: November/December 2013; 16:E635-E670

E668  www.painphysicianjournal.com

2007; 26:1634-1642.
146. Wennberg JE. Practice variations and 

health care reform: Connecting the 
dots. Health Aff (Millwood) 2004; Suppl 
Variation:VAR140-144.

147. Fisher ES, Wennberg DE, Stukel TA, Got-
tlieb DJ, Lucas FL, Pinder EL. The impli-
cations of regional variations in Medicare 
spending. Part 1: The content, quality, and 
accessibility of care. An Intern Med 2003; 
138:273-287.

148. Kaul S, Diamond GA. Drug-eluting stents. 
Am Heart Hosp J 2007; 5:165-168. The CMS 
national coverage decision (NCD) ad-
dresses percutaneous transluminal an-
gioplasty (PTA) with and without stent-
ing. See the NCD for PTA (no. 20.7) posted 
on the CMS Medicare Coverage Database, 
www.cms.hhs.gov/mcd/viewncd.asp?ncd_
id=20.7&ncd_version=3&basket+ncd%3... 
. New codes were developed for billing for 
bare metal and drug-coated stents.

149. Feder BJ. Newer stents pose dangers, two 
doctors say. New York Times, October 12, 
2006.

 w w w. n y t i m e s . c o m / 2 0 0 6 / 1 0 / 1 2 /
health/12stent.html?_r=0

150. Foote SB, Virnig BA, Town RJ, Hartman L. 
The impact of Medicare coverage policies 
on health care utilization. Health Serv Res 
2008; 43:1285-1301.

151. Kentucky Cabinet for Health and Family 
Services. Department of Medicaid Servic-
es. http://www.chfs.ky.gov/dms 

152. Texas Health and Human Services Com-
mission. Texas Medicaid Program. http://
www.hhsc.state.tx.us/medicaid/ 

153. California Department of Health and Hu-
man Services. Medi-Cal. http://www.dhcs.
ca.gov/services/medi-cal/Pages/default.
aspx 

154. Ohio Department of Medicaid. http://
medicaid.ohio.gov/ 

155. Oregon Health Authority. Oregon’s Med-
icaid State Plan. http://www.oregon.gov/
oha/healthplan/pages/stateplan.aspx 

156. HAYES, Inc. Independent Health Tech-
nology Assessment Company. http://
www.hayesinc.com

157. Milliman Care Guidelines. http://www.ca-
reguidelines.com/ 

158. CoventryCares of Kentucky, Kentucky 
Medicaid. http://chcmedicaid-kentucky.
coventryhealthcare.com/  

159. WellCare, Kentucky Medicaid. https://
kentucky.wellcare.com/ 

160. Passport Health Plan, Kentucky Medicaid. 
http://www.passporthealthplan.com/ 

161. Humana CareSource, Kentucky Medicaid. 
https://www.caresource.com/members/

kentucky/ 
162. Anthem Blue Cross Blue Shield (BCBS), 

Health and Medical Insurance: www.an-
them.com

163. Aetna, Health and Medical Insurance. 
www.aetna.com/index.htm

164. Cigna, Health and Medical Insurance. 
www.cigna.com

165. UnitedHealthcare, Health and Medical 
Insurance. http://www.uhc.com/live/uhc_
com/Assets/Documents/landing.html 

166. Bluegrass Family Health, Health and 
Medical Insurance. http://www.bgfh.com/ 

167. ECRI Institute. https://www.ecri.org/Pag-
es/default.aspx 

168. American College of Occupational and 
Environmental Medicine (ACOEM) 
Chronic Pain. In Occupational Medicine 
Practice Guidelines: Evaluation and Man-
agement of Common Health Problems 
and Functional Recovery of Workers, Sec-
ond Edition. American College of Oc-
cupational and Environmental Medicine 
Press, Elk Grove Village, 2008.

169. Dennison PL, Kennedy CW. Official Dis-
ability Guidelines. 16th ed. Work Loss Data 
Institute, Encinitas, 2011.

170. Department of Health and Human Ser-
vices, Health Care Financing Adminis-
tration. 42 CFR Parts 410, 411, 414, 415, 
and 485. Medicare Program; Revisions to 
payment policies under the physician fee 
schedule for Calendar Year 2000; Final 
Rule. November 2, 1999.

171. Department of Health and Human Ser-
vices, Health Care Financing Administra-
tion. 42 CFR Parts 410 and 414 Medicare 
Program; Revisions to Payment Policies 
Under the Physician Fee Schedule for Cal-
endar Year 2001; Final Rule. November 1, 
2000.

172. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 410, 411, 414, 
and 415. Medicare Program; Revisions to 
Payment Policies and Five-Year Review 
of and Adjustments to the Relative Value 
Units Under the Physician Fee Schedule 
for Calendar Year 2002; Final Rule. No-
vember 1, 2001.

173. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 403, 405, 410, 411, 
414, 418, 424, 484, and 486. Medicare Pro-
gram; Medicare Payment Policies Under 
the Physician Fee Schedule for Calendar 
Year 2005; Final Rule. November 15, 2004.

174. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 410, 411, 413, 
414, 424, and 426. Medicare Program; 

Medicare Payment Policies Under the 
Physician Fee Schedule for Calendar Year 
2006 and Certain Provisions Related to 
the Competitive Acquisition Program of 
Outpatient Drugs and Biologicals Under 
Part B; Final Rule. November 21, 2005.

175. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 410, 411, 414, 
415, and 424. Medicare Program; Medi-
care Payment Policies, Five-Year Review 
of Work Relative Value Units, Changes to 
the Practice Expense Methodology Under 
the Physician Fee Schedule, and Other 
Changes to Payment Under Part B; Revi-
sions to the Payment Policies of Ambu-
lance Services Under the Fee Schedule 
for Ambulance Services; and Ambulance 
Inflation Factor Update for CY 2007; Final 
Rule. December 1, 2006.

176. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 409, 410, 411, 
414, 415, 424, 485, and 486. Medicare Pro-
gram; Payment Policies Under the Physi-
cian Fee Schedule and Other Revisions to 
Part B for CY 2009; E-Prescribing Exemp-
tion for Computer-Generated Facsimile 
Transmissions; and Payment for Certain 
Durable Medical Equipment, Prosthetics, 
Orthotics, and Supplies (DMEPOS); Final 
Rule. November 19, 2008.

177. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 411, 414, et al. 
Medicare Program; Payment Policies Un-
der the Physician Fee Schedule and Oth-
er Revisions to Part B for CY 2010; Final 
Rule; Medicare Program; Solicitation of 
Independent Accrediting Organizations 
to Participate in the Advanced Diagnostic 
Imaging Supplier Accreditation Program 
Notice; Final Rule. November 25, 2009.

178. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 409, 410, 411, 
413, 414, 415, and 424 Medicare Program; 
Payment Policies Under the Physician Fee 
Schedule and Other Revisions to Part B 
for CY 2011; Final Rule. November 29, 
2010.

179. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 414, 415, and 
495. Medicare Program; Payment Policies 
Under the Physician Fee Schedule, Five-
Year Review of Work Relative Value Units, 
Clinical Laboratory Fee Schedule: Signa-
ture on Requisition, and Other Revisions 
to Part B for CY 2012; Final Rule. Novem-
ber 28, 2011.

180. Department of Health and Human Ser-



Accountable Interventional Pain Management

www.painphysicianjournal.com  E669

vices, Centers for Medicare & Medicaid 
Services. 42 CFR Part 416. Medicare Pro-
gram; Update of Ambulatory Surgical 
Center List of Covered Procedures; Pro-
posed Rule. November 26, 2004.

181. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Part 416. Medicare Pro-
gram; Update of Ambulatory Surgical 
Center List of Covered Procedures; In-
terim Final Rule. May 4, 2005.

182. Department of Health and Human Ser-
vices, Centers for Medicare & Medic-
aid Services. 42 CFR Parts 410, 416 et al. 
Medicare Program—Revisions to Hospi-
tal Outpatient Prospective Payment Sys-
tem and Calendar Year 2007 Payment 
Rates; Final Rule. November 24, 2006.

183. Department of Health and Human Ser-
vices, Centers for Medicare & Medic-
aid Services. 42 CFR Parts 410, 416, and 
419. Medicare Program: Changes to the 
Hospital Outpatient Prospective Pay-
ment System and CY 2009 Payment 
Rates; Changes to the Ambulatory Surgi-
cal Center Payment System and CY 2009 
Payment Rates; Hospital Conditions of 
Participation: Requirements for Approval 
and Re-Approval of Transplant Centers to 
Perform Organ Transplants—Clarifica-
tion of Provider and Supplier Termination 
Policy Medicare and Medicaid Programs: 
Changes to the Ambulatory Surgical Cen-
ter Conditions for Coverage; Final Rule. 
November 18, 2008.

184. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 416, and 419 
Medicare Program: Changes to the Hos-
pital Outpatient Prospective Payment 
System and CY 2010 Payment Rates; 
Changes to the Ambulatory Surgical Cen-
ter Payment System and CY 2010 Pay-
ment Rates; Final Rule. November 20, 
2009.

185. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 411, 412, 413, 
416, 419, and 489. Medicare Program: 
Hospital Outpatient Prospective Payment 
System and CY 2011 Payment Rates; Am-
bulatory Surgical Center Payment System 
and CY 2011 Payment Rates; Payments to 
Hospitals for Graduate Medical Educa-
tion Costs; Physician Self-Referral Rules 
and Related Changes to Provider Agree-
ment Regulations; Payment for Certified 
Registered Nurse Anesthetist Services 
Furnished in Rural Hospitals and Critical 
Access Hospitals; Final Rule. November 
24, 2010.

186. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 411, 416, 419, 
489, and 495. Medicare and Medicaid 
Programs: Hospital Outpatient Prospec-
tive Payment; Ambulatory Surgical Cen-
ter Payment; Hospital Value-Based Pur-
chasing Program; Physician Self-Referral; 
and Provider Agreement Regulations on 
Patient Notification Requirements. Final 
Changes to the Hospital Outpatient Pro-
spective Payment System and CY 2012 
Payment Rates. November 30, 2011.

187. Manchikanti L, Singh V, Hirsch JA. Saga of 
payment systems of ambulatory surgery 
centers for interventional techniques: An 
update. Pain Physician 2012; 15:109-130.

188. Hirsch JA, Rosman DA, Liu RW, Ding A, 
Manchikanti L. Sustainable growth rate 
2013: Time for definitive intervention. J 
Neurointerv Surg 2013; 5:382-386. 

189. Manchikanti L, Singh V, Caraway DL, Be-
nyamin RM, Falco FJE, Hirsch JA. Pro-
posed physician payment schedule for 
2013: Guarded prognosis for interven-
tional pain management. Pain Physician 
2012; 15:E615-E627.

190. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 410, 411, 414, 
423, and 425. Medicare Program; Revi-
sions to Payment Policies under the Phy-
sician Fee Schedule, Clinical Laboratory 
Fee Schedule & Other Revisions to Part B 
for CY 2014; Proposed Rule. June 26, 2013.

191. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 405, 410, 412, 416, 
419, 475, 476, 486, and 495. Medicare and 
Medicaid Programs: Hospital Outpa-
tient Prospective Payment and Ambula-
tory Surgical Center Payment Systems 
and Quality Reporting Programs; Organ 
Procurement Organizations; Quality Im-
provement Organizations; Electronic 
Health Records (EHR) Incentive Program; 
Provider Reimbursement Determinations 
and Appeals; Proposed Rule. June 26, 
2013.

192. Manchikanti L, Benyamin RM, Falco 
FJE, Hirsch JA. Recommendations of the 
Medicare Payment Advisory Commission 
(MedPAC) on the health care delivery sys-
tem: The impact of interventional pain 
management in 2014 and beyond. Pain 
Physician 2013; 16:419-440.

193. Dutton A. The cost of doctor buyouts: 
Charges rise, patient choice suffers, critics 
say. Idaho Statesman, October 28, 2012.

194. Mathews AW. Same doctor visit, double 
the cost: Insurers say rates can surge after 

hospitals buy private physician practices; 
Medicare spending rises, too. Wall Street 
Journal, August 27, 2012.

195. Schulte F. Hospitals face increased scru-
tiny for charging facility fees. Washington 
Post, December 23, 2012.

196. Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. CMS-3234-N, Medicare Pro-
gram; Renewal of the Medicare Evidence 
Development & Coverage Advisory Com-
mittee (MEDCAC), Notice. Federal Regis-
ter, Wednesday, Deecember 8, 2010. 

197. Centers for Medicare and Medicaid Ser-
vices. Medicare Evidence Development & 
Coverage Advisory Committee. www.cms.
gov/Regulations-and-Guidance/Guid-
ance/FACA/MEDCAC.html 

198. Field MJ, Lohr KN, eds. Clinical Practice 
Guidelines: Directions for a New Program. 
Institute of Medicine, National Academy 
Press, Washington, DC, 1990.

199. Graham R, Mancher M, Wolman DM, 
Greenfield S, Steinberg E (eds); Commit-
tee on Standards for Developing Trust-
worthy Clinical Practice Guidelines; Insti-
tute of Medicine. Clinical Practice Guide-
lines We Can Trust. The National Acad-
emies Press, Washington, DC, 2011.

200. Institute of Medicine (IOM). Finding What 
Works in Health Care: Standards for Sys-
tematic Reviews. The National Academies 
Press, Washington, DC, March 23, 2011.

201. Staal JB, de Bie R, de Vet HC, Hildeb-
randt J, Nelemans P. Injection thera-
py for subacute and chronic low-back 
pain. Cochrane Database Syst Rev 2008; 
3:CD001824.

202. Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics of 
comparative effectiveness research: Part 1. 
Basic considerations. Pain Physician 2010; 
13:E23-E54.

203. Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics 
of comparative effectiveness research: 
Part 2. Implications for interventional 
pain management. Pain Physician 2010; 
13:E55-E79.

204. Louhiala P, Puustinen R. Rethinking 
the placebo effect. J Med Ethics 2008; 
34:107-109.

205. Louhiala P. The ethics of the placebo in 
clinical practice revisited. J Med Ethics 
2009; 35:407-409.

206. Quill TE, Holloway RG. Evidence, prefer-
ences, recommendations – finding the 
right balance in patient care. N Engl J Med 
2012; 366:1653-1655.

207. Gelijns AC, Gabriel SE. Looking beyond 



Pain Physician: November/December 2013; 16:E635-E670

E670  www.painphysicianjournal.com

translation – integrating clinical research 
with medical practice. N Engl J Med 2012; 
366:1659-1661.

208. Blease C. The principle of parity: The “pla-
cebo effect” and physician communica-
tion. J Med Ethics 2012; 38:199-203.

209. Häuser W, Bartram C, Bartram-Wunn E, 
Tölle T. Adverse events attributable to no-
cebo in randomized controlled drug trials 
in fibromyalgia syndrome and painful di-
abetic peripheral neuropathy: Systematic 
review. Clin J Pain 2012; 28:437-451.

210. Oxman AD, Guyatt GH. Guidelines for 
reading literature reviews. CMAJ 1988; 
138:697-703.

211. Lyby PS, Forsberg JT, Asli O, Flaten MA. 
Induced fear reduces the effectiveness of 
a placebo intervention on pain. Pain 2012; 
153:1114-1121.

212. Bisby MA. Inhibition of axonal transport 
in nerves chronically treated with local an-
esthetics. Exp Neurol 1975; 47:481-489.

213. Howick J, Bishop FL, Heneghan, Wol-
stenholme J, Stevens S, Hobbs FDR, 
Lewith G. Placebo use in the United 
Kingdom: Results from a national survey 
of primary care practitioners. PLOS One 
2013; 8:e58247.

214. Hróbjartsson A, Kaptchuk TJ, Miller FG. 
Placebo effect studies are susceptible to 
response bias and to other types of bi-
ases. J Clin Epidemiol 2011; 64:1223-1229.

215. Beecher HK. The powerful placebo. J Am 
Med Assoc 1955; 159:1602-1606.

216. Hróbjartsson A. What are the main meth-
odological problems in the estimation 
of placebo effects. J Clin Epidemiol 2002; 
55:430-435.

217. Kienle GS, Kiene H. The powerful place-
bo effect: Fact or fiction? J Clin Epidemiol 
1997; 50:1311-1318.

218. Krogsbøll LT, Hróbjartsson A, Gøtzsche 
PC. Spontaneous improvement in ran-
domised clinical trials: Meta-analysis of 
three-armed trials comparing no treat-
ment, placebo and active intervention. 

BMC Med Res Methodol 2009; 9:1.
219. International Conference on Harmonisa-

tion of Technical Requirements for Reg-
istration of Pharmaceuticals for Human 
Use. ICH Harmonised Tripartite Guide-
line. Choice of Control Group and Re-
lated Issues in Clinical Trials E10. July 20, 
2000.

220. Manchikanti L, Benyamin RM, Helm 
S, Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in in-
terventional pain management: Part 3: 
Systematic reviews and meta-analysis of 
randomized trials. Pain Physician 2009; 
12:35-72.

221. Manchikanti L, Giordano J, Fellows B, 
Hirsch JA. Placebo and nocebo in inter-
ventional pain management: A friend or a 
foe – or simply foes? Pain Physician 2011; 
14:E157-E175.

222. Goffaux P, Léonard G, Marchand S, Rain-
ville P. Placebo analgesia. In: Beaulieu P, 
Lussier D, Porreca F, Dickenson AH (eds). 
Pharmacology of Pain. IASP Press, Seattle, 
2010, pp 451-473.

223. Iversen T, Solberg TK, Romner B, Wils-
gaard T, Twisk J, Anke A, Nygaard O, 
Hasvold T, Ingebrigtsen T. Effect of cau-
dal epidural steroid or saline injection in 
chronic lumbar radiculopathy: Multicen-
tre, blinded, randomised controlled trial. 
BMJ 2011; 343:d5278.

224. Pasqualucci A. Experimental and clinical 
studies about the preemptive analgesia 
with local anesthetics. Possible reasons 
of the failure. Minerva Anestesiol 1998; 
64:445-457.

225. Arner S, Lindblom U, Meyerson BA, Mo-
lander C. Prolonged relief of neuralgia 
after regional anesthetic block. A call for 
further experimental and systematic clini-
cal studies. Pain 1990; 43:287-297.

226. Lavoie PA, Khazen T, Filion PR. Mecha-
nisms of the inhibition of fast axonal 
transport by local anesthetics. Neurophar-
macology 1989; 28:175-181.

227. Cassuto J, Sinclair R, Bonderovic M. An-
ti-inflammatory properties of local anes-
thetics and their present and potential 
clinical implications. Acta Anaesthesiol 
Scand 2006; 50:265-282.

228. Melzack R, Coderre TJ, Katz J, Vaccarino 
AL. Central neuroplasticity and patho-
logical pain. Ann N Y Acad Sci 2001; 
933:157-174.

229. Manchikanti KN, Pampati V, Damron KS, 
McManus CD. A double-blind, controlled 
evaluation of the value of Sarapin in neu-
ral blockade. Pain Physician 2004; 7:59-62.

230. Pham Dang C, Lelong A, Guilley J, Nguy-
en JM, Volteau C, Venet G, Perrier C, 
Lejus C, Blanloeil Y. Effect on neurostim-
ulation of injectates used for perineural 
space expansion before placement of a 
stimulating catheter: Normal saline ver-
sus dextrose 5% in water. Reg Anesth Pain 
Med 2009; 34:398-403.

231. Tsui BCH, Wagner, A, Finucane B. Elec-
trophysiologic effect of injectates on pe-
ripheral nerve stimulation. Reg Anesth 
Pain Med 2004; 29:189-193.

232. Pham Dang C, Guilley J, Dernis L, Lan-
glois C, Lambert C, Nguyen JM, Pin aud 
M. Is there any need for expanding the 
perineural space before catheter place-
ment in continuous femoral nerve blocks? 
Reg Anesth Pain Med 2006; 31:393-400.

233. Pham Dang C, Kick O, Collet T, Gouinn F, 
Pinaud M. Continuous peripheral nerve 
blocks with stimulating catheters. Reg 
Anesth Pain Med 2003; 28:83-88.

234. Tsui BC, Kropelin B. The electrophysi-
ologic effect of dextrose 5% in water on 
single-shot peripheral nerve stimulation. 
Anesth Analg 2005; 100:1837-1839.

235. Bresnahan BW, Rundell SD, Dagadakis 
MC, Sullivan SD, Jarvik JG, Nguyen H, 
Friedly JL. A systematic review assessing 
comparative effectiveness studies in epi-
dural steroid injections for lumbar spinal 
stenosis and to estimate reimbursement 
amounts. PM R 2013; 5:705-714.


