1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Spine (Phila Pa 1976). Author manuscript; available in PMC 2016 May 18.

Published in final edited form as:
Spine (Phila Pa 1976). 2008 August 1; 33(17): 1905-1912. doi:10.1097/BRS.0b013e31817bb0a4.

-, HHS Public Access
«

Costs and State-Specific Rates of Thoracic 1 and Lumbar
Vertebroplasty, 2001-2005

Darryl T. Gray, MD, ScD,
Center for Quality Improvement and Patient Safety, Agency for Healthcare Research and Quality,
Rockville, MD

William Hollingworth, PhD,
Department of Social Medicine, University of Bristol, Bristol, UK

Nneka Onwudiwe, PharmD, and

Pharmaceutical Health Services Research, University of Maryland School of Pharmacy,
Baltimore, MD; Center for Quality Improvement and Patient Safety, Agency for Healthcare
Research and Quality, Rockville, MD

Jeffrey G. Jarvik, MD, MPH
Departments of Radiology, Neurosurgery and Health Services, University of Washington, Seattle,
WA

Abstract
Study Desigh—Sequential cross-sectional analysis.
Objective—To document vertebroplasty rates and costs.

Summary of Background Data—L.ittle is known about interstate variation in rates or about
nation-wide costs associated with the growing use of percutaneous vertebroplasty.

Methods—Using specific CPT-4 billing codes, we reviewed aggregate Medicare Part B fee-for-
service claims data (cross-stratified by physician specialty and treatment setting) on thoracolumbar
vertebroplasties performed from 2001-2005. Vertebroplasty rates for individual states were
expressed per 100,000 Part B fee-for-service enrollees. Nation-wide facility and physician charges
(combining expected contributions from all sources) allowed by Medicare for vertebroplasties and
associated imaging guidance procedures were applied to observed vertebroplasty volumes. These
charges (reflecting direct medical costs from an all-payer perspective) were expressed in 2005
dollars using the Producer Price Index.

Results—\Vertebroplasty rates for individual states rose but varied considerably, ranging from 0.0
to 515.6/100,000 Medicare Part B fee-for-service enrollees in 2001 (median state rate = 35.4), and
from 9.8 to 849.5 in 2005 (median state rate = 75.0). On average, 1.3 vertebral levels were treated
per procedure, varying by treatment site and physician specialty. Fluoroscopic rather than CT
guidance was used in 98.7% of cases. Total nation-wide inflation-adjusted charges rose from $76.0
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million for 14,142 cases performed in 2001 to $152.3 million for 29,090 cases in 2005. While
vertebroplasty was predominantly an outpatient procedure, inpatient cases generated most of the
charges. Increasing volumes and costs were associated with cases performed in ambulatory
surgery centers and physicians’ offices.

Conclusions—Nation-wide vertebroplasty volumes and inflation-adjusted charges doubled from
2001 to 2005 in this Medicare population. Procedure rates varied considerably by state. Almost all
cases involved fluoroscopic guidance; procedures treating multiple vertebral levels were not
uncommon. Procedures performed in free-standing facilities are of growing importance. Given the
issues surrounding appropriate vertebroplasty use, future practice patterns and outcomes should be
closely tracked.
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INTRODUCTION

Some observational studies! and newer randomized trial data? suggest, that percutaneous
vertebroplasty3 may be effective for treating osteoporotic vertebral compression fractures.
As noted elsewhere,* technology assessments performed abroad®-8 had generally supported
vertebroplasty use, but decried the scarcity of solid comparative evidence of its
effectiveness. Later US-based assessments®10 found the available evidence to be largely
inconclusive. In 2005, the Centers for Medicare & Medicaid Services (CMS)’s Coverage
Advisory Committeel! reached no conclusions regarding vertebroplasty’s effectiveness and
generated no national coverage decisions. Nevertheless, many state-level Medicare
contractors1? and private insurers3 have covered vertebroplasty under various circumstances
since at least 2001. For Medicare Part B fee-for-service (FFS) patients, we describe
subsequently observed interstate variation in vertebroplasty rates, along with nationwide
payer-perspective direct medical costs.

MATERIALS AND METHODS

Case Selection

Effective January 2001, thoracic and lumbar (but not cervical) vertebroplasty and associated
imaging procedures were assigned unique Current Procedure Terminology-(CPT) billing
codes!* (see below). Using these codes, we obtained aggregate data on vertebroplasty claims
from the CMS Part B Extract and Summary System (BESS)1° for 2001-2005. (Leo Porter,
Center for Medicare Management, CMS, Baltimore, MD. Personal communication, 9/05—
7/06). BESS is populated from the Physician Supplier Procedure Summary Master File,
which contains data for all accepted fee-for-service claims for physician care provided to
Medicare enrollees of all ages. BESS does not capture denied claims, claims of Medicare
Advantage (managed care) patients or Part A claims.
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Data Collection

Claims for primary thoracic (CPT code 22520) and lumbar (CPT code 22521)
vertebroplasties captured all accepted claims for primary thoracic or lumbar vertebroplasties.
Claims for CPT code 22522 captured all additional vertebral levels treated during primary
procedures. Using aggregate BESS data cross-stratified by the billing physician’s reported
specialty and by the listed place of service, we classified cases by places of service, namely:
inpatient hospital, other outpatient hospital settings (including the <0.5% of cases coded as
Emergency Department [ED] procedures), office settings, and ambulatory surgery centers
(ASCs). The remaining (<0.1%) procedures coded as having been performed in nursing
homes, at home or elsewhere were categorized as outpatient hospital based procedures. We
grouped physician specialties into five categories: diagnostic/interventional radiology,
orthopedic surgery, neurosurgery, anesthesiology/pain management, and “other” (including
neurologists, physiatrists, internists, ED physicians, physicians identified only as members
of multi-specialty groups, and non-physicians).

Population-Based Procedure Rates

BESS claims identify the state or “state-equivalent” jurisdiction in which care was provided.
Hereafter, the term “state” refers to 52 such jurisdictions: 49 states (since CMS enrollee data
combine North and South Dakota), Washington, DC, the Commonwealth of Puerto Rico,
and the Railroad Retirement Board (which processes claims for eligible enrollees regardless
of state of residence). We obtained numbers of Part B fee-for-service and Medicare
Advantage enrollees for each state directly from CMS. (Pamela Pope, Office of Research,
Development, and Information, CMS, Baltimore, MD. Personal communication, 7/06), and
calculated rates per 100,000 Part B fee-for-service enrollees.

Cost Estimation

BESS’ allowed charge data reflect Medicare-approved amounts that physicians could collect
from all sources (including Medicare, supplemental insurance and patient copayments/
deductibles). As this does not include amounts that hospitals or other facilities would
separately receive for care of Medicare patients, we used other data to estimate this
component of vertebroplasty charges. For vertebroplasties performed on Medicare patients,
total Medicare-allowed charges represented total payments expected from all sources, and
therefore reflected total direct medical costs from the perspective of all payers (including the
patient). From this perspective, the terms “allowed charges,” “payments,” and “costs” could
be used interchangeably.

Inpatient Procedures—We used allowed physician charges for primary thoracic and
lumbar procedures, and for all added levels treated. CPT codes 76012 and 76013
respectively capture the fluoroscopic or computed tomography (CT) guidance associated
with each level treated. However, combined fluoroscopy and CT claims volumes did not
match the numbers of levels treated (see Results), and BESS data do not link imaging claims
to individual vertebroplasties. Therefore, to calculate the physician component of charges for
associated imaging guidance, we multiplied the yearly overall mean of allowed physician
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charges for vertebroplasty imaging (weighted by fluoroscopy versus CT volumes) by the
total number of levels treated.

CMS directs that hospitals bill for inpatient vertebroplasties under Diagnosis Related Group
(DRG) 233 or DRG 234 (Other Musculoskeletal System and Connective Tissue Operating
Room Procedures, with or without Complicating Conditions, respectively). Therefore, we
estimated annual inpatient hospital payments (including those for imaging) by multiplying
the appropriate DRG weights by the national average operating costs (average labor + non-
labor + capital amounts) from Tables 1A and 1D in the annual Hospital Inpatient Prospective
Payment System Final Rule. While BESS data do not list DRGs, Medicare annually tallies
twice as many discharges under DRG 233 as under DRG 234.16 Therefore, to calculate
aggregate annual inpatient hospital payments, we multiplied the average payments/
admission for these two DRGs (weighted 2:1 for DRG 233 versus DRG 234) by total
numbers of inpatient claims.

Outpatient Hospital-Based Procedures—We calculated aggregate allowable
physician charges for vertebroplasty and imaging as was done for inpatient cases. We based
hospital component costs on Ambulatory Payment Classification (APC) prospective
payment amounts reflecting expected contributions from CMS and elsewhere.
Vertebroplasty was assigned to APC 049 for 200117 and APC 050 thereafter.18 As stipulated
by Medicare rules, hospital payments for additional vertebral levels were calculated at 50%
of the base APC rate. Both fluoroscopy and CT guidance fall under APC 0274, with full
payment allowed for each level imaged.

Office-Based Procedures—Physician payments for office-based vertebroplasties and
imaging procedures incorporate any allowances provided for the facility’s costs. Therefore,
BESS-allowed payment amounts listed for office-based vertebroplasties were considered the
total payment amounts for the interventional procedure. Additional physician payments for
imaging guidance were calculated as was done for inpatients. However, these imaging
payments represented total payments (including those for imaging equipment use) allowed
for outpatient imaging.

Ambulatory Surgery Center (ASC) Procedures—Per CMS policies in effect before
2007,19 we calculated costs for vertebroplasties performed in ASCs as though they occurred
in office settings.

Inflation Adjustment—As the Consumer Price Index2 actually excludes Medicare costs
from its calculations, we considered the producer price index to better capture inflation seen
in allowed charges that would mainly be paid by Medicare. Therefore, dollar amounts for
2001-2004 were converted to 2005 dollars using producer price index ratios specifically
calculated for costs of care provided to Medicare patients treated in general medical and
surgical hospitals.?!

Statistical Analysis

As we had no specified a priori hypotheses regarding vertebroplasty rates or costs, we
performed no power calculations. As we captured 100% of applicable cases, there were no
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larger populations to which results might be extrapolated. Therefore, we performed no tests
of statistical significance and generated no confidence intervals. Data were analyzed using
Microsoft Excel.22

Nationwide vertebroplasty volumes and rates doubled from 2001 to 2005. However, state
rates varied considerably. Puerto Rico and Washington, DC respectively had the lowest and
highest rates seen each year (Table 1). Excluding these outliers, 2001 rates ranged from 3.6
per 100,000 Part B fee-for-service enrollees in New Jersey to 117.8 in Indiana. Rates from
2005 ranged from 15.2 in New York to 310.3 in Kansas. The median state varied from year
to year. Interquartile ranges appear in Figure 1. In 2001, rates for 17 states were below
25.0/100,000, and only Washington, DC exceeded 149.9/100,000 (Figure 2). In 2005, only 7
states had rates below 25.0/100,000, whereas rates for 7 other states exceeded 149.9/100,000
(Figure 3).

When estimating vertebroplasty costs based on total numbers of vertebral levels treated, we
noted that mean numbers of levels treated per procedure dropped slightly from 1.34 in 2001
to 1.24 in 2005. For all years combined, this figure ranged from 1.18 for ASC cases to 1.30
for inpatient cases. Mean numbers of levels treated varied slightly more by specialty, ranging
from 1.25 for radiologists to 1.42 for orthopedic surgeons.

The 14,501 imaging claims from 2001 slightly exceeded the number of vertebroplasty
encounters, 14,142 but also did not match the total of 18,911 levels treated. By 2005,
numbers of imaging claims exceeded numbers of vertebral levels treated by roughly 15%.
Imaging charge calculations also reflected the proportions of imaging claims for fluoroscopy
relative to CT. Fluoroscopy accounted for 97.4% of imaging claims from 2001, versus
99.7% to 99.0% in subsequent years.

Although mean unadjusted for vertebroplasty rose from 2001 to 2005 (Table 2), overall
mean charges remained relatively stable when expressed in inflation-adjusted dollars
(bottom row of Table 2). Total inflation-adjusted costs of vertebroplasty rose from $76.0
million in 2001 to $152.3 million in 2005 (Figure 4), reflecting a doubling of procedure
volumes. Charges varied considerably by treatment site. Although inpatient procedures
comprised roughly 40% of procedure volumes each year (Table 2), they accounted for
77.8% of annual costs for 2001, and 71.5% in 2005 (Figure 4). As both volumes and costs
per case performed in physicians’ offices and ASCs rose over time (Table 2), the proportions
of total costs accounted for by cases performed in these settings also rose (Figure 4).

DISCUSSION

Our data on vertebroplasty rates extend work that we recently published?3 and partly
corroborate other shorter-term findings24 based on related data. Population-based
vertebroplasty rate calculations required excluding patients enrolled in Part A alone from the
denominator, since BESS numerator data do not include claims of such patients. The higher
Medicare enrollment denominator figures for 2001-2003 used by Morrison et al?4 may not
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have excluded such Part A enrollees. This would explain why our rates were higher, despite
being based on essentially the same procedure volumes.

To our knowledge, ours is the first study to document the interstate variation seen in
vertebroplasty rates. These calculations required restricting rate denominators to Part B fee-
for-service enrollees, since BESS data also do not capture Medicare Advantage claims. This
was especially important because the penetrance of Medicare Advantage varied considerably
by state. For example, although 14.7% of US Part B enrollees were Medicare Advantage
patients in 2005, percentages ranged from 0.2% in Maine to 36.9% in Rhode Island.

Significant geographic variation has been seen in rates of other musculoskeletal
procedures.2> While the underlying incidence of osteoporotic fractures may vary somewhat
by region, we doubt that this accounts for much of the vertebroplasty rate variation we saw.
Instead, the observed variation presumably reflects some combination of local differences in
factors such as clinical opinion regarding vertebroplasty, practice patterns, expressed patient
demand, and financial incentives based on Medicare contractor coverage policies. FDA
Public Health Notices from 2002-200426 regarding potentially serious complications
associated with PMMA use in vertebroplasty and the alternative kyphoplasty approach?7:28
may have had variable effects on local provider and Medicare contractor enthusiasm for
vertebroplasty.

When calculating costs, we noted that mean numbers of vertebral levels treated per
procedure declined slightly from 2001 to 2005 for unknown reasons. Mean numbers of
vertebral levels treated per inpatient case slightly exceeded figures for all other treatment
sites, presumably reflecting preferential admission of cases requiring more extensive
procedures. The basis for the slightly greater variation seen across physician specialties is
unclear. It is possible that surgeons see more cases with extensive osteoporosis, and/or that
they are more inclined to treat multiple levels during one procedure.

Calculations of imaging costs reflected the fact that vertebroplasty generally involved
fluoroscopic rather than CT guidance. As over 90% of vertebroplasties were performed in
hospital-based settings, this distribution is unlikely to reflect restricted access to CT in the
treatment setting. Instead, this may reflect the perceived advantages of using real-time
fluoroscopy for this procedure. These calculations also adjusted for the observed
discordance between numbers of imaging claims and of vertebral levels treated (See
Results). Although imaging claim short-falls seen for 2001-2003 may reflect early coding
issues, imaging claim volumes for 2004—-2005 exceeded those of vertebral levels treated. As
CT accounted for only ~1% of imaging claims, the excess is unlikely to reflect many cases
where both CT and fluoroscopy were used. This more likely reflects the use of
vertebroplasty imaging codes in kyphoplasty cases. Our cost calculations adjusted for this
discordance by basing imaging costs on numbers of vertebral levels treated.

The increasing use of free-standing facilities we observed may reflect growing provider and
patient familiarity with this approach, combined with changing financial incentives. These
incentives include significant increases in Medicare-allowed charges for procedures
performed in offices and, by extension, in ASCs as of 2004.2% These increases included
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allowance for so-called “non-facility” (i.e., non-hospital) charges for overhead and other
expenses not previously permitted. These increases combined with rising procedure volumes
to expand free-standing facilities” shares of procedure costs for 2004—2005 (Table 2). It is
unclear how many of these procedures were performed in free-standing imaging centers,
which have no unique CMS designation.

In any case, inpatient procedures accounted for most costs, due to their much higher
volumes and higher DRG-based reimbursement per case (Table 2). For patients originally
admitted for other reasons, ascribing all costs incurred during the procedure admission to
vertebroplasty may overestimate the provider costs actually attributable to the procedure.
However, DRG-based reimbursement does represent payer costs, and does not capture
entrained post discharge costs of treating any immediate complications associated with
inpatient vertebroplasty. Therefore, this seemed like a reasonable approach on balance.

Limitations of this study included the potential for coding errors in administrative databases.
However, we previously found a high degree of concordance between medical record data
on invasive spinal procedures and administrative data from one statewide database.30
Although transitory shortfalls in Medicare’s capture of surgical cases have been identified,3!
overall concordance of 90% to 98% previously seen between medical records and Medicare
data on various procedures32:33 affirms the research value of such data.

As BESS data do not include patient-level information, we could not stratify data by
demographic or clinical variables. We also could not link multiple procedures (e.g., imaging
or additional levels treated) billed during a given encounter, identify multiple encounters for
individual patients or determine whether or not increased vertebroplasty volumes were
clustered among large or small numbers of providers. However, these shortcomings would
not affect our ability to track procedure rates or aggregate costs. Unlike vertebroplasty’s
listed CPT codes, those for other potentially related care components (e.g., anesthesia, ED
care, epidural venography, inpatient management/consultation) are not unique to this
procedure. The fact that we could not use BESS data to identify claims also submitted for
such care provided to vertebroplasty patients makes our cost estimates more conservative.

The availability of CPT codes specific for vertebroplasty allowed us to track trends in use of
this procedure alone. However, we could not capture vertebroplasties billed under older
“unspecified procedure” codes, nor could we identify denied claims for vertebroplasties that
were actually performed. This may also make our esti mates of vertebroplasty volumes, rates
and costs conservative. However, as kyphoplasty did not receive specific CPT codes until
2006, we could not exclude kyphoplasties that had actually been billed as vertebroplasties.
Differences in frequencies of these potential procedure misclassifications may have
contributed to the rate variations we observed over time and across states.

Numerators for our vertebroplasty rates reflect the states in which procedures were
performed, while denominators track Medicare enrollees by states of residence. Interstate
migration would not affect nation-wide rates and we doubt that net migration accounts for
much of the interstate rate variation we observed. However, it is possible that net in-or out-
migration contributed to the very high or low rates seen in some jurisdictions.
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Our data may provide limited insight regarding vertebroplasty use in patients other than
Medicare Part B fee-for-service enrollees. Legally, Medicare Advantage enrollees have
access to various services (e.g., vertebroplasty) equal to that of FFS enrollees. However,
possible differences in health status or age distribution between Medicare Part B FFS
enrollees and those with Medicare Advantage or Part A coverage alone might still limit the
applicability of our rates to these groups. Our rates may also not apply to younger non-
Medicare populations where vertebroplasty indications might be more likely to include
neoplastic disease, for example. Finally, the absence of CPT codes for kyphoplasty
precluded tracking patterns of vertebral augmentation as a whole.

The allowed payment amounts we used in our cost estimates combine payments expected
from Medicare, patients, and any supplemental insurance. Although allowed payment
amounts ideally approximate provider costs,3* activity-based provider costs do differ from
Medicare reimbursement for some radiology procedures.3>-37 In addition our figures on
payments allowed rather than payments actually made reflect expected rather than observed
payer-perspective costs; some calculations involved combining overlapping fiscal and
calendar year costs. Our figures also do not include non-medical costs (e.g., those of travel
or lost productivity) ideally incorporated in more comprehensive analyses of societal costs.38
Nevertheless, our study has several important implications. We know of no US data that
would consistently capture vertebroplasties regardless of patient age, treatment setting, or
payer. For example, inpatient data (.e.g., from AHRQ’s Healthcare Cost and Utilization
Project or HCUP)39 on vertebroplasty are limited because its ICD-9-CM procedure code*?
only became effective in October of 2004 and because this code does not distinguish among
cervical, thoracic and lumbar procedures. HCUP data on outpatient surgical procedures*! are
only available for select states. In addition, such data do not include office-based procedures
and vary considerably in their capture of procedures performed in radiology suites or ASCs.

As Medicare Part B FFS patients should contribute significantly to vertebroplasty volumes,
ours may be the most comprehensive US data currently available on this procedure. Our
figures should be considered in light of estimates that up to 200,000 American women aged
50 and over suffer new clinically-evident vertebral fractures annually.*? Future demand for
vertebroplasty may increase among these patients and their male counterparts, with
potentially significant clinical and resource use implications. The frequency of outpatient
vertebroplasty may mirror earlier trends seen in the growth of outpatient lumbar spine
surgery.*3 Concerns about the need for post-procedural monitoring after outpatient spinal*3
procedures may be especially relevant to the growing use of free-standing facilities for
performing vertebroplasty. Hopefully, our study provides useful background data for future
studies that may facilitate the appropriate evidence-based diffusion of vertebroplasty
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Key Points

» We reviewed aggregate Medicare Part B fee-for-service claims data on
thoracolumbar vertebroplasties performed from 2001-2005.

» \ertebroplasty rates in individual states grew to varying degrees, ranging from
0.0-515.6/100,000 in 2001 (median state rate=35.4), to 9.8-849.5 in 2005
(median state rate=75.0).

»  While vertebroplasty was predominantly an outpatient procedure, inpatient cases
generated most of the charges. Increasing volumes and costs were associated
with cases performed in ambulatory surgery centers and physicians’ offices.

» From an all-payer perspective, inflation-adjusted nation-wide direct medical
costs rose from $76 million in 2001 to $154 million in 2005.
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Figure 1.
Nation-wide and State specific primary vertebroplasty rates per 100,000 Part B Fee-For-

Service Enrollees
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Figure 2.
State-wide primary vertebroplasty rates per 100,000 Part B Fee-For-Service Enrollees for
2001.
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Figure 3.
State-wide primary vertebroplasty rates per 100,000 Part B Fee-For-Service Enrollees for
2005.
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