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Abstract

Background Context—Use of Bone Morphogenetic Protein (BMP) as an adjunct to spinal 

fusion surgery proliferated following Food and Drug Administration (FDA) approval in 2002. 

Major safety concerns emerged in 2008.
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Purpose—To examine whether published concerns about the safety of BMP altered clinical 

practice.

Study Design/Setting—Analysis of the National Inpatient Sample from 2002 through 2012.

Patient Sample—Adults (age >20) undergoing an elective fusion operation for common 

degenerative diagnoses, identified using codes from the International Classification of Diseases, 

9th revisions, Clinical Modification (ICD-9-CM).

Outcome Measures—Proportion of cervical and lumbar fusion operations, over time, that 

involved BMP.

Methods—We aggregated the data into a monthly time series and reported the proportion of 

cervical and lumbar fusion operations, over time, that involved BMP. Auto Regressive Integrated 

Moving Average, a regression model for time series data, was used to test whether there was a 

statistically significant change in the overall rate of BMP use following a FDA Public Health 

Notification in 2008. The study was funded by federal research grants, and no investigator had any 

conflict of interests.

Results—Use of BMP in spinal fusion procedures increased rapidly until 2008, involving up to 

45.2% of lumbar and 13.5% of cervical fusions. BMP use significantly decreased following the 

2008 FDA Public Health Notification and revelations of financial payments to surgeons involved 

in the pivotal FDA approval trials. For lumbar fusion, the average annual increase was 7.9 

percentage points per year from 2002 to 2008, followed by an average annual decrease of 11.7 

percentage points thereafter (p = <0.001). Use of BMP in cervical fusion increased 2.0% per year 

until the FDA Notification, followed by a 2.8% per year decrease (p = 0.035).

Conclusions—Use of BMP in spinal fusion surgery declined subsequent to published safety 

concerns and revelations of financial conflicts-of-interest for investigators involved in the pivotal 

clinical trials.

BACKGROUND

Recombinant human Bone Morphogenetic Protein-2 (BMP) obtained Food and Drug 

Administration (FDA) approval in 2002 as an adjunct to a single level anterior lumbar spinal 

fusion operation.[1] Partly because BMP serves as an alternative to harvesting iliac crest 

bone graft, its use initially proliferated, including off-label procedures such as posterior 

lumbar fusion, posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody 

fusion (TLIF) and cervical fusion.[2, 3] Concerns regarding its safety in cervical fusion 

prompted the Food and Drug Administration (FDA) to issue a Public Health Notification in 

July 2008.[4] Additional reports questioning the safety and off-label use of BMP in cervical 

and lumbar fusions [5–12] subsequently led professional societies to make recommendations 

about the appropriate use of BMP in spinal fusion.[13]

We wanted to examine whether clinical practice has changed in recent years in response to 

these publications. We used a nationally representative discharge registry, available from the 

Agency for Healthcare Research and Quality (AHRQ), to assess trends in the proportion of 

all fusion operations that included BMP. We tested whether there was a statistically 

significant reduction in the rates of BMP use following the FDA Public Health Notification.
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METHODS

Data source

We examined AHRQ’s Nationwide Inpatient Sample (NIS)[14], a component of the Health 

Care Utilization Project (HCUP), from 2002–2012. NIS is a nationally representative sample 

of discharge summaries from non-federal hospitals in the United States commonly used to 

describe trends in inpatient procedures. Participating hospitals submit uniform patient 

demographics, discharge disposition, hospital charges, and diagnosis and procedure codes 

from the International Classification of the Diseases, 9th revision, Clinical Modification 

(ICD-9-CM) to AHRQ’s central distributor. Survey weighting and sampling design 

variables are included to produce national estimates of utilization. We applied the revised 

2012 longitudinal weights created for trend analyses.

Denominator data for reporting population-based rates were obtained from the U.S. Census, 

with stratification by sex and 5-year increments of age.[15]

Identifying admissions for fusion surgery with and without BMP

We identified adults (age > 20) undergoing elective fusion admissions for diagnoses of back 

pain, disc herniation, spinal stenosis, spondylolisthesis or scoliosis in NIS, grouping them by 

vertebral region involved. Because we were primarily interested in the discretionary use of 

BMP in elective fusion surgery for degenerative conditions, we excluded non-elective 

admissions, and fusions associated with diagnosis codes for fracture, dislocation, or spinal 

cord injury. We also excluded patients with diagnosis codes for congenital or other spinal 

anomaly (Table 1). A variable provided by NIS was used to include only those admissions 

that were “elective”, as reported by participating hospitals. Use of BMP was identified based 

on the coding of ICD-9-CM procedure code 84.52 (“insertion of recombinant BMP”).

Covariates

Variables that describe each admission include patient demographics (age, sex, and race), 

insurance status, length-of-stay, admission charges, and median income for the zip code 

where the patient lives, a proxy for socioeconomic status. We recoded race and ethnicity 

variables into “white”"black”, or “other”. Race and ethnicity was not reported by all 

hospitals and was therefore not used to adjust rates. Insurance was grouped into 

“Medicare”"Medicaid”"Private Insurance”, and “Other”. The latter category included “self-

pay” and “charity”, or was unavailable from the source hospital. Length of stay was grouped 

into categories of one, two, three, four, or five or more days.

We relied on diagnosis and procedure codes to calculate Quan’s version of the Charlson 

comorbidity index[16] and to classify patients by surgical indication, surgical approach 

used, and vertebral region.[17] Procedure codes that first became available beginning in 

2004 were also used to describe combined anterior and posterior surgical approaches, 

stabilizing instrumentation, and 3 or more disc levels fused.
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Analysis

We aggregated the data into a monthly time series and reported the proportion of fusion 

operations, over time, that involved BMP. We then used Auto Regressive Integrated Moving 

Average (ARIMA), a regression model for time series data, to test whether there was a 

statistically significant change in the rate of BMP use following the FDA Public Health 

Notification in 2008. We separately modeled the use of BMP in lumbar and cervical fusions, 

controlling for patient age, sex, and comorbidity.

An ARIMA models an outcome over time, incorporating two key components of the effects 

of time: a moving average process and autoregression. For the moving average process, the 

rate of BMP use is estimated by smoothing across successive months to reduce the 

idiosyncratic components of the monthly data. The autoregressive component adjusts future 

estimates based on serial autocorrelation in the time series data, that is, the rate of BMP use 

at time “t” is correlated to its rate at time “t-1”.

Shocks in a time series, such as the potential influence of the FDA Public Health 

Notification on BMP, can have a time-limited effect on the moving average component and 

a sustained effect on the autoregressive component, affecting all future estimates of the 

series. We included a 1-month autoregressive lag operator, as suggested by examining a 

serial correlogram, inspecting Aikaike’s Information Criteria, and by observing a reduction 

in the standard errors of the coefficients. Significance testing for discontinuity in the 

regression coefficient over time following the FDA Public Health notification was 

performed on the first difference between successive time points (called “stationary”, or first 

derivative in time-series analyses).

This study was exempt from IRB review because the data have been deemed a public data 

set by the Committee for the Protection of Human Subjects at Dartmouth.

RESULTS

Rates & volume of fusion operations

The age and sex-adjusted rate of lumbar and cervical spinal fusion operations for 

degenerative diagnoses in the U.S. was 116.8 per 100,000 in 2012 (95%CI 116.5, 117.2), an 

increase of 26.3% from the rate of 92.5 (95%CI 92.2, 92.9) in 2002. In 2012, the most recent 

year of our analysis, 57.8% were lumbar (n = 162,685) and 42.2% were cervical (n = 

118,915; Table 2).

Back pain, disc herniation and spinal stenosis combined to account for 53.9% of the lumbar 

fusion indications, while spondylolisthesis and scoliosis accounted for 36.6% and 8.6%, 

respectively. Among cervical fusions, neck pain, disc herniation, and stenosis accounted for 

18.7%, 51.2%, and 25.8% of the fusion admissions, respectively.

Factors associated with BMP use

Although characteristics of patients undergoing fusion with BMP were similar to those 

without BMP, surgical indication and operative features differed (Table 3). Patients who 

received BMP were more likely to have a surgical indication of back pain (e.g. spondylosis) 

Martin et al. Page 4

Spine J. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



or scoliosis. They were also significantly more likely to undergo anterior or combined 

surgical approaches, receive stabilizing instrumentation, undergo fusions of three or more 

disc levels, or have had previous spine operations. Patients undergoing lumbar fusion with 

BMP were also more likely to have a fusion combined with decompression.

Rate of BMP use

We observed a 44.7% decrease in the rate of BMP use with lumbar fusion, from a peak use 

of 45.2% to 25.0% by the end of 2012. Similarly, we found a 56% reduction in BMP use for 

cervical fusion, from a peak of 13.5% to 6.0% in 2012.

Following its FDA approval, use of BMP with fusion increased rapidly until 2008, involving 

up to 45.2% of lumbar and 13.5% of cervical fusions. After the 2008 FDA Public Health 

Notification, the rate of BMP use decreased 0.978 percentage points per month for lumbar 

fusion and 0.231 percentage points for cervical fusion. This compared to pre-notification 

increases of 0.658 for lumbar fusion and 0.167 for cervical fusion (Table 4). For lumbar 

fusion, this translates into an average annual increase of 7.9 percentage points per year from 

2002 to 2008, followed by an average annual decrease of 11.7 percentage points thereafter 

(p-value <0.001; pre-post trend). Similarly, BMP use in cervical fusion increased 2.0 

percentage points per year until the FDA Notification, followed by an average decrease of 

2.8 percentage point per year (p = 0.035; pre-post trend). Changes in using BMP were not 

explained by changes in patient age, sex or comorbidity.

Decreased BMP use continued through 2012. Figure 1 illustrates the percent of lumbar and 

cervical fusions over time that involved BMP, and in relationship to published safety 

reports. The figure is annotated by the publication dates of studies by Shields[18], 

Pradham[19], Lewandrowski [20], Vaidyn[21], and Butterman[22] which were among the 

first case series to report wound complication, osteolysis, and dysphagia with BMP in 

anterior cervical fusion. Those by Mindea,[6] Wong, [7] Joseph,[23] and Carragee [10] were 

the first to raise concerns about postoperative radiculitis and retrograde ejaculation with 

lumbar fusions involving BMP. Reports that likely had the greatest visibility included the 

FDA Public Health notification[4], Cahill and colleagues study in the Journal of the 

American Medical Association,[5] an entire issue of The Spine Journal dedicated to the use 

of BMP,[9] a US Senate Finance Committee report,[24] and the reanalysis of pivotal trial 

data through the Yale University Open Data Access Project (YODA).[25, 26]

DISCUSSION

Concerns about morbidity, blood loss, longer operating time, and limited autograft 

availability have prompted spine surgeons to look for alternatives in fusion procedures, such 

as bone morphogenetic protein.[27–29] Expanded use of BMP has led to re-analysis of 

original studies to re-evaluate donor site morbidity,[30] rate of revision surgery,[11] adverse 

events[5, 12], and patient-reported outcomes.[25] Reports of adverse events have been 

limited to small case series, but are consistent with analyses of population-based 

administrative data.[5, 11, 31–33] Pivotal trials that led to FDA approval of BMP have been 

accused of design flaws and industry influence.[9, 24, 26, 34] An investigation by the 

United States Senate Finance Committee concluded that “Medtronic was involved in 
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drafting, editing, and shaping the content of medical journal articles authored by its 

physician consultants who received significant amounts of money through royalties and 

consulting fees from Medtronic.”[24] A re-analysis of patient-level data and a meta-analysis 

of the industry-sponsored FDA trials independently concluded that BMP had no clinical 

advantage over iliac crest bone graft, and its risks were understated in journal publications.

[25] In their combined summary, the Annals of Internal Medicine Editorial Board reported 

that "Early journal publications misrepresented the effectiveness and harms through 

selective reporting, duplicate publication, and underreporting".[35]

In light of this emerging evidence, The North American Spine Society advocates to keep 

BMP as an option only for patients undergoing anterior lumbar fusions who have a high risk 

of non-union, poor or inadequate graft bed, and revision fusions (except in males with a 

reproductive priority.)[13] These indications for appropriate use seem clinically reasonable, 

but they lack clinical evidence.

Our estimates of the use of BMP using more recent data are similar to earlier estimates. We 

found that BMP use with lumbar fusion peaked at 43% by 2008. Cahill reported a rate of 

BMP use of 40% for lumbar fusions and 9% for cervical fusions in 2006 NIS data.[5] 

Among fusion cases performed between 2004 through 2007 reported in the Scoliosis 

Research Society registry, the rate of BMP use was 13% for anterior cervical fusions, 38% 

for thoracolumbar fusion with a combined approach, and 51% for transforaminal lumbar 

interbody fusions.[33] The decrease in BMP use that we report parallels Medronic’s 

worldwide revenue for biologic products, decreasing from $840 million in fiscal year 2009 

to $471 million in fiscal year 2014.[36] Our finding of greater BMP use among patients 

undergoing more complex fusion procedures is consistent with our prior report.[11]

Our study included a representative sample designed to produce national estimates of 

inpatient procedure rates over the full spectrum of adults receiving inpatient care from non-

federal hospitals. The limitations of our study include the reliance on claims data, which 

lack some clinical detail such as disease severity, specific vertebral level fused, or the 

amount of BMP used. While some have raised concerns that using claims data may not be 

accurate, their use in classifying spine surgery patients by indications for fusion has been 

validated, and fusion procedures appear to be coded accurately.[17] Though they lack 

clinical detail, claims data provide a population-level perspective lacking in clinical trial, 

patient regisitries, and clinical series research designs. While we sought to focus primarily 

on degenerative spinal problems, we could not distinguish between varying forms of 

scoliosis on the basis of ICD-9-CM codes, or determine whether the rate of BMP use was 

different depending on the type of scoliosis a patient had. Using NIS data, we cannot link 

successive admissions for the same patient in order to examine reoperation rates. Therefore, 

we cannot know whether the changing pattern of BMP use was associated with changing 

patterns of adverse events, readmission, repeat spinal surgery, or ectopic bone formation. 

Patient-reported outcomes are not available in NIS.

FDA approval studies often use ideal settings, highly skilled surgeons, carefully selected 

patients, high-volume hospitals, and strict protocol adherence. Once approved, products may 

diffuse into widespread clinical practice, among surgeons with varying experience, in less 
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controlled settings, with expanded indications, and perhaps in less rigorously selected 

patients. The safety profile may therefore be worse than in the FDA Safety and 

Effectiveness reports, and this may expose patients to unnecessary harms and preventable 

complications. By the time Cahill’s study was published, BMP had been on the market for 

seven years and was used in up to 44% of lumbar fusions and 13% of cervical fusions.

CONCLUSIONS

We found that the use of BMP in spinal fusion operations declined subsequent to published 

safety concerns and amid revelations of financial conflicted investigators involved in the 

pivotal trials. While there was no evidence of preferential use of BMP based on patient 

characteristics, it was more commonly used in patients undergoing more complex types of 

spinal fusion operations.

The changing practice of BMP use with spinal fusion in relationship to emerging concerns 

about it safety and efficacy underscores the importance for post-approval surveillance of 

emerging technologies. Developing ongoing, systematic, population-based methods to 

monitor the safety and effectiveness of emerging technologies may help curtail surgical 

complications and maximize the safe use of spinal products.
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Table 1

Number of patients meeting inclusion and exclusion criteria

2002 2007 2012 All

Included admissions

   Fusion surgery for degeneration 282101 338645 427760 3993454

Excluded Diagnosis

   Fracture or dislocation 7728 11897 17220 136384

   Spinal Cord Injury 1064 1737 3055 20440

   congenital or other anomaly 9015 11309 18755 143500

   Inflammatory spondylopathy 420 663 1795 10248

Excluded Procedures

   Artificial disc replacement 0 1962 1700 14837

   Open treatment of fracture 1717 3133 5010 35875

   Spacer or dynamic stabilizing device 0 523 1355 6564

   Other spine procedures 32466 42258 67525 549205

Excluded Comorbidity

   Cancer 2006 4059 6005 45594

   Neurological impairment 1294 2674 3470 26794

   Immune deficiency 349 613 995 6743

   Intraspinal Abscess 453 944 1635 10796

   Osteomyelitis 1269 1778 2820 21839

   Pregnancy 24 5 25 330

Other exclusions

   Trauma 11527 6780 8410 82774

   drug abuse 342 998 1195 9966

   Age under 20 8823 8438 10865 102867

   Not elective admission 26924 31600 43890 411512

Summary Inclusion and Exclusion

   All inclusion criteria 282101 338645 427760 3993454

   Any exclusion criteria 80666 98619 144415 1237233

   Final cohort size 201435 240026 283345 2756221

Note: Estimates based on weighted sample from the Nationwide Inpatient Sample
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Table 4

Time series regression model for the monthly change in the proportion of Bone Morphogenetic Protein use 

with lumbar and cervical fusion in the United States in relationship to the FDA Public Health Notification

Lumbar fusion Cervical fusion

Change in % monthly BMP use

   Post FDA trend −0.978*** −0.231

(−3.96) (−1.66)

   Change in percent female 7.089 −1.469

(0.57) (−0.31)

   Change in mean age −0.597* −0.0844

(−2.01) (−0.35)

   Change in mean charlson score 1.113 −7.402

(0.13) (−1.75)

   Constant 0.658*** 0.167*

(3.83) (2.28)

ARMA

   time lag (1 month) −0.344*** −0.319***

(−3.80) (−3.68)

Sigma

   Constant 1.646*** 0.870***

(19.28) (16.71)

Pre vs. post trend p-value 0.000*** 0.035*

Number of months 123 123

t statistics in parentheses

Estimates based on weighted sample from the Nationwide Inpatient Sample

*
p < 0.05,

**
p < 0.01,

***
p < 0.001
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