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1. Project Summary

Low back pain, an Institute of Medicine priority condition for comparative effectiveness research, is of
major public health importance. It is one of the most common reasons for physician visits and an
important cause of functional limitation and disability. Imaging is frequently performed as part of the
diagnostic evaluation and is an important contributor to the cost of back pain care, which totaled more
than $86 billion in 2005. It is well known that, even without back pain, magnetic resonance (MR) imaging
of the lumbar spine frequently reveals findings such as disc desiccation or bulging. Patients and their
providers may attribute greater importance to these findings, which are often age-related, than they
should, because they do not have an appropriate frame of reference in which to interpret the findings.
These “incidental” findings may initiate a cascade of events leading possibly even to surgery, without
improving patient outcomes.

The overall goal of the Lumbar Image Reporting with Epidemiology (LIRE) trial, is to perform a large,
pragmatic, randomized controlled trial to determine the effectiveness of a simple, inexpensive and easy
to deploy intervention — of inserting epidemiological benchmarks into lumbar spine imaging reports — at
reducing subsequent tests and treatments. The long-term public health significance is that our
intervention has the potential to substantially reduce unnecessary and expensive care not only for back
pain, but also for a wide range of other conditions, since it could easily be applied to other diagnostic
tests (e.g. other imaging tests, laboratory tests, genetic testing). If our study is positive, adding
epidemiologic benchmarks to diagnostic test reporting could become the dominant paradigm for
communicating all diagnostic information.

We propose an efficient, novel, cluster randomized design referred to as a “stepped wedge” design,
permitting longitudinal comparisons while controlling for temporal trends. We plan to passively collect
primary outcome measures of healthcare utilization both pre- and post-intervention, using robust
electronic medical records at the participating sites. We hypothesize that for patients of primary care
providers, inserting epidemiological benchmarks in lumbar spine imaging reports will reduce subsequent
diagnostic and therapeutic interventions, including MR and CT, opioid prescriptions, spinal injections and
surgery. The rationale is that the epidemiologic data may provide a context for both physicians and
patients to better interpret imaging findings.

The University of Washington will serve as the over data coordination center (DCC) for the project that
will take place at four performance sites: Group Health Cooperative, Kaiser Permanente of Northern
California, Henry Ford Health Systems, and Mayo Clinic Health Systems. The role of the DCCis to
coordinate study efforts, thus overseeing the technical implementation of the intervention across the
sites. The DCC will oversee the transfer and storage of study data, provide biostatistical and analysis
expertise, as well as lead manuscript writing efforts. Each performance site is tasked with the
implementation of the randomized intervention at the primary care clinics within their system, as well as
the technical abstraction (and transfer) of electronic medical record (EMR) and administrative data from
their system to the DCC. See Schemas 1 and 2 below for organizational overview.
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1.1 Project Organization:

Schema 1: Overall Organization Chart
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Personnel Directory
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Professor, Biostatistics
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University of Washington
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Co-Investigator

Professor, Psychiatry and Behavioral Sciences, Rehabilitation Medicine
Adjunct Professor, Anesthesiology and Pain Medicine

University of Washington
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Fax: (206) 685-1139

Email: jturner@uw.edu
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Health Economist

Research Assistant Professor, Radiology
University of Washington

Box 359736
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Oregon Health Sciences University
Subcontracted Site for Consultant
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Co-Investigator

Kaiser Permanente Professor of Evidence-Based Family Medicine
Director, KL2 Multidisciplinary Clinical Research Career Development Program
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Portland, Oregon 97239-3098

Tel: (503) 494-1694

Fax: (503) 494-2746
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University of California- Davis
Subcontracted Site for Consultant

Nicolas Anderson, PhD

Co-Investigator

Nick Anderson, Ph.D.

Robert D. Cardiff Professor of Informatics

Director of Informatics Research

Department of Pathology and Laboratory Medicine
University of California, Davis

Tel: (916) 703 6976

UC Davis Grant Contract: Kate Marie- kate.marie@ucdmec.ucdavis.edu

Group Health Cooperative
Performance Site

Dan Cherkin, PhD

Site Principal Investigator
Group Health Research Institute
1730 Minor Ave, Ste 1600
Seattle, WA 98101

Email: cherkin.d@ghc.org

Heidi Berthoud MPH

Project Manager

Group Health Research Institute
1730 Minor Ave, Ste 1600
Seattle, WA 98101

Email: berthoud.h@ghc.org

GHC Grant Contact: David Hawkes- hawkes.d@ghc.org

Henry Ford Health System
Performance Site

Safwan Halabi MD

Site Principal Investigator
Associate Professor, Radiology
Director, Imaging Informatics
2799 West Grand Boulevard
Detroit, M| 48202

Email: safwanh@rad.hfhs.edu
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David Nerenz PhD

Site Co-Investigator

Director, Outcomes Research
Neuroscience Institute
Department of Neurosurgery
Henry Ford Hospital

2799 West Grand Boulevard, K-11, W-1136
Detroit, Ml 48202-2689

Tel: (313) 916-5454

Fax: (313) 874-7137

Email: dnerenzl@hfhs.org

Brooke Wessman

Project Manager

Tel: (313) 916-0829

Email: brookew@rad.hfhs.org

HF Grant Contact: Kim Sadlocha -ksadlocl@hfhs.org

Kaiser Permanente of Northern California
Performance Site

Andrew Avins MD, MPH

Site Principal Investigator

Clinical Professor, Medicine

Adjunct Professor, Epidemiology and Biostatistics
Kaiser Permanente Division of Research
2000 Broadway

Oakland, CA 94612- 2304

Office: (510) 891-3557

Fax: (510) 891-3606

Cell: (415) 302-5986

Email: andrew.avins@ucsf.edu

Luisa M. Hamilton

Project Manager, KPNC Division of Research
2000 Broadway

Oakland, CA 94612 -2304

Tel: (510) 891-3712

Fax: (510) 891-3802

Email: luisa.M.Hamilton@kp.org

KPNC Grant Contact: Anna Delaney-Heath- delaney@kp.org
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Mayo Clinic Health System
Performance Site

David F. Kallmes MD

Site Principal Investigator

Professor, Radiology

Adjunct Professor, Neurological Surgery
200 First St. SW

Rochester, MN 55905

Tel: 507-266-3350

Email: kallmes.david@mayo.edu
Administrative Contact:
Kimberly Collins: Collins.kimberly@mayo.edu

Patrick Leutmer MD

Site Co-Investigator

Assistant Professor, Radiology
200 First St. SW

Rochester, MN 55905

Tel: 507-284-2097

Email: leutmer.patrick@mayo.edu

Jyotishman Pathak PhD
Site IT Consultant

Associate Professor, Biomedical Statistics and Informatics

200 First St. SW
Rochester, MN 55905
Tel: 507-284-5541
Fax: 507-284-0460

Email: pathak.jyotishman@mayo.edu
Administrative Contact:
Stacy Tapp: tapp.stacy2@mayo.edu

Beth Connelly
Project Manager,

Associate Clinical Research Coordinator, Department of Radiology

Tel: 507-538-3928
Pager: 507-293-4510
Email: connelly.beth@mayo.edu
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Kristina Schmidtknecht

Site IRB Contact

Protocol Development Coordinator, Department of Radiology
Tel: 507 266-2082

Fax: 507-284-8249

Pager: 507 538-2477

Email: schmidtknecht.kristina@mayo.edu

Mayo Grant Contact: Tracey Anderson- anderson.tracey@mayo.edu
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Sponsor Information:
National Institutes of Health (NIH)
Funding Award: 1UH2AT007766-01

Health Care Systems Research Collaboratory:

UH2/UH3 mechanism with UH2 as a planning year and UH3 a separate award for Yr 2-5 awarded after
competitive review based on progress against UH2 milestones.

NIH press release regarding award: http://nccam.nih.gov/news/2012/092512

Collaboratory Website: www.nihcollaboratory.org

Timeline:
Budget Period: 09/30/2012 - 12/31/2013
Project Period: 01/01/2014 - 12/31/2017

Participating Institutions:

Data Coordinating Center (DCC) and Prime Awardee:
University of Washington- Seattle, WA
Principal Investigator: Jeffrey G. Jarvik, MD, MPH

Performance Sites:

Group Health Cooperative (GHC) and Group Health Research Institute: Site Pl: Dan Cherkin, PhD
Henry Ford Health System (HFHS) Site PI: Safwan Halabi, MD

Kaiser Permanente of Northern California (KPNC) Site Pl: Andy Avins, MD, MPH

Mayo Clinic Health System (MCHS) Site PI: David Kallmes, MD

Subcontracted Sites:

Oregon Health Sciences University (OHSU): Rick Deyo, MD, MPH

University of California- Davis (UCD): Nicholas Anderson, PhD (subcontract in UH2 phase only, contractor
in UH3)

1.2 LIRE Interaction with Collaboratory Coordinating Center at Duke Clinical Research Institute:

The Collaboratory Coordinating Center has several “Cores” aimed at organizing topic-specific working
groups across the seven demonstration projects. LIRE is contributing to the Collaboratory by assigning
key team members to these Cores in the following ways:

* Electronic health records- Anderson, Jarvik, Comstock, and James
* Provider Health Systems Interactions- Jarvik and James

* Regulatory/Ethics- James

* Biostatistics/Study design- Heagerty and Comstock

* Stakeholder engagement- Jarvik and James

* Pheontype and Data Standards- Anderson
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2. Background and Rationale

Study Protocol

Summary of rationale: A common problem with many diagnostic tests is the discovery of incidental
findings unrelated to patient symptoms or complaints. Such findings can lead to wasteful subsequent
testing and intervention, sometimes with avoidable complications. Our overall goal is to test a strategy
for mitigating these “cascade effects” of incidental findings. We focus on the example of lumbar spine

imaging, where incidental findings are extremely
common. We propose a pragmatic randomized
trial of the strategy of inserting epidemiological
evidence into routine spine imaging reports.

If the study is positive, the method is likely to be
generalizable to many other conditions and to
other kinds of testing (eg, laboratory tests). So
while back pain, especially the back pain that
primary care providers see and treat, is incredibly
important, our project can also be viewed as a
"proof of concept" study that could open the
doors to many similar interventions. Moreover,
the potential cost/effectiveness of this
intervention, if successful, is enormous. The cost
of the intervention itself is minimal, yet
substantial clinical and financial benefits could
result. Few medical interventions can make that
claim.

Back pain is one of the most important causes of
functional limitation and disability worldwide and
is an Institute of Medicine priority condition.(1,2)
It is one of the most common reasons for

Figure 1. A, Normal disc hydration and height. Sagittal T2-
weighted image demonstrates normal disc signal and height (rated
as 1 [normal] on a 1-4 scale). B, Sagittal T2-weighted image
demonstrates mild (2), moderate (3], and severe (4) desiccation.
Also note height loss at L2-L3 (*) and anular tears seen as linear
high signals at L4—L5 and L5-S1 (arrows).

physician visits.(3) The American College of Physicians (ACP) instituted a program in 2011 called High-
Value, Cost-Conscious Health Care (HVCCHC).(4) The purpose of the program is “... to help physicians
and patients understand the benefits, harms, and costs of an intervention and whether it provides good
value, and to slow the unsustainable rate of health care costs while preserving high-value, high-quality
care.” The importance of back pain is highlighted by the first recommendations of the program being
focused on the appropriate use of spine imaging. (5) In April 2012, the ACP in combination with the
ABIM Foundation released their 5 top “Things that Patients and Physicians Should Question.” Number
two on the list was “Don’t obtain imaging studies in patients with non-specific low back pain” (6).

Luo and colleagues estimate that the 1998 direct costs of low back pain in the U.S. were over $26 billion.
More recently, Martin et al, estimated that the 2005 direct costs were over $86 billion. (7) Diagnostic
imaging is a critical step in the work-up of back pain. It can quickly lead to a precise and actionable
diagnosis, such as severe central spinal stenosis with cauda equina compression that may require rapid
surgical consultation. But imaging examinations of the lumbar spine frequently reveal numerous findings,
including disk desiccation, height loss, or bulging, with questionable relevance to patient symptoms.

2013-09-26/kj
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Figure 1, from our study, Longitudinal Assessment of Imaging and Disability of the Back (LAIDBack) in
2001 demonstrates a lumbar spine MR without degenerative changes (Figure 1A) and a subject with
extensive degenerative changes (Figure 1B). Neither of these subjects had low back pain. (8) These
findings are common in asymptomatic adults, with prevalences in this group as high as 90%. (8-10)
Moreover, multiple studies have failed to demonstrate clinical benefit with the use of early MR imaging
for low back pain (LBP) compared with radiographs alone or no imaging at all; furthermore, the imaging
results may negatively affect patients’ sense of well-being (7,13,14). But diagnostic imaging of the
lumbar spine can also lead to a cascade of subsequent tests and treatments that may have little
beneficial impact on a patient’s outcome and may even be deleterious. (11, 12) Because incidental
findings are nearly ubiquitous with spine imaging, it is important to have a good understanding of the
prevalence of various findings in asymptomatic patients.

While spine imaging may be one of the most common examples of incidental findings on diagnostic
testing resulting in a cascade of subsequent tests and treatments, this situation is by no means limited to
spinal diagnosis. Lung cancer screening with CT was recently shown to be beneficial in a high-risk
population, but one of the concerns with such screening are the frequent benign nodules that are
discovered. (13) Adrenal nodules seen on body CTs (14), thyroid nodules seen on neck and chest CTs (14),
sinus mucosal thickening seen on head MR (15) and CTs (16) could all lead to subsequent diagnostic and
therapeutic interventions if their prevalence in patients without disease was not well-understood.

While spine specialists are well aware of these prevalence data, non-specialists such as family
practitioners and general internists may not know that a finding such as an annular fissure is seen in
about one-third of asymptomatic patients and if present, is likely not related to a patient’s pain.

Several years ago our group at the University of Washington implemented into our clinical practice, the
recommendation of Roland and van Tulder (17) to include epidemiologic information in the radiology
report to help physicians interpret findings frequently seen on lumbar spine imaging (Figure 2). By
providing a context for these common findings, we hoped to mitigate concern and dampen any
subsequent cascade of inappropriate testing and treatment.

FIGURE 2: EPIDEMIOLOGIC STATEMENT INCLUDED IN
Multiple randomized controlled trials LUMBAR SPINE MR IMAGING REPORTS

have shf)wn that the early _use. of imaging Comment: The following findings are so common in

for LBP is not associated with improved people without low back pain that while we report their
outcomes and may be harmful to the presence, they must be interpreted with caution and in
patient (11, 18-23). The American College the context of the clinical situation. (Reference —Jarvik et
of Physicians recently re-issued guidelines al, Spine 2001)

for imaging patients with LBP emphasizing

not only the inefficiencies of early imaging Findings: (prevalence in patients without low back pain),
but also the potential harms (24). Disk degeneration (decreased T2 signal, height loss,
Furthermore, as rates of MR imaging of bulge) (91%), Disk T2—signal loss (83%), Disk height
the lumbar spine have increased, so too loss (56%), Disk bulge (64%), Disk protrusion (32%),
have treatments; including narcotics Annular tear (33%)

prescriptions, lumbosacral injections, and

spinal surgery, often without benefit (25-32). Not only do these treatments result in increased
expenditures (7, 32, 33), but, more importantly, they pose serious risks to the health of the patient.
Narcotics are associated with multiple side effects, including respiratory depression, cognitive
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impairment, constipation, and even death, as well as the development of tolerance and dependency (34,
35). Complications from spinal surgeries, especially more invasive fusions, include wound complications,
major medical complications, and death (32).

In 2012 our group published a pilot study demonstrating insertion of such epidemiological evidence was
associated with reduced narcotic prescriptions and a non-significant reductions in subsequent MR, CT
and physical therapy as well. Taken together, these findings suggest primary care providers were more
reserved in their management of patients whose MR report included the epidemiological evidence
statement. (Table 1: from McCoullough et al, 2012) (36) Additionally, if patients learned about the
statement, as some undoubtedly did since patients at the study site have direct access to their medical
records, knowledge that their spine findings are common in patients without back pain might alleviate
anxiety, which is known to have an important influence on pain. (37)

Table 1: Outcomes of Patients Whose Imaging Did and Did Not Include a Statement
Containing Epidemiological Benchmarks (from McCoullough et al, 2012) (36)

Outcomes of Statement and Nonstatement Groups

Statement Nonstatement
Outcome Group (= 71) Group (7 = 166) Odds Ratio* PValue
Cross-sectional reimaging 1{1) 12 (7) 0.22 (0.03, 1.67) A4
Narcotics prescription 51N 37 (22) 0.29 (011, 0.77) 01
Physical therapy 17 (24) 60 (36) 0.55 (0.29, 1.03) .06
Steroid injection 11 (15) 22 (13) 1.37 (0.61, 3.05) A4
Surgical consultation 20 (28) 58 (35) 0.86 (0.45, 1.66) B7
Surgery 4 (6) 11 (7) 1.09 (0.32, 3.72) .89

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses.

* Odds ratio represents comparison of statement and nonstatement groups, while controlling for severity of MR imaging findings.
Data in parentheses are 95% confidence intervals.

The relatively new field of clinical genomics is on the verge of a virtual explosion of genetic tests that will
be inexpensive and readily available. (38, 39) However, genetic testing faces the same challenges of
communicating risk information that more traditional diagnostic testing has faced for decades. (39)
Lessons learned from diagnostic imaging may be applied to genomic testing and vice-versa.

Because our intervention is simple, inexpensive and can be automated, it is easy to implement on a large
scale, making it nearly ideal to study in the context of a large, pragmatic trial in multiple health systems.
We decided to confine our participating sites to large health systems that have sophisticated electronic
medical records allowing us to passively collect our outcomes through electronic queries.

Our method of random assignment is also relatively novel. We propose to use a stepped wedge cluster
design, where the order in which clinics receive the intervention is determined at random and by the
end of the random allocation, all clinics will have received the intervention. (40, 41)

Finally, given the rapid spread and adoption of IT clinical tools, like the EMR and templates for radiology
readings, finding ways to capitalize on the technology itself to positively influence the process of care
will make the mammoth nationwide clinical IT investment much more compelling. This project is truly
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emblematic of the kinds of innovative thinking that needs to be applied to the clinical IT world to derive
the maximum benefit of the tools meant to deliver better and more efficient care.

3. Specific Aims

This study is a pragmatic cluster randomized controlled trial, randomly assigning primary care clinics at
four sites, to receive either standard lumbar spine imaging reports or reports containing epidemiological
benchmarks for common imaging findings. Our primary outcome will be a metric of back-related
intervention intensity, measured passively using the electronic medical record (EMR). The primary
analysis will focus on clinic-level changes by using aggregate patient-level data.

Aim 1: To determine whether inserting a description of age-specific prevalence of imaging findings
among asymptomatic subjects into lumbar spine imaging reports decreases back-related interventions
imaging, injections, surgeries, etc.) over the subsequent year.

Aim 1a: To determine if inserting epidemiological evidence reduces Relative Value Units (RVUs)
attributable to spine interventions (imaging, injections, specialist referrals, surgeries, etc.).

Hypothesis 1a: After primary care clinics are randomly assigned to receive the modified report, they will
have a lower average overall RVU (technical and professional) per imaged-patient attributable to spine
interventions than when clinics are not receiving the modified reports. Spine interventions reflect visits,
tests, and procedures and are patient centered, having both direct and indirect impacts on patients.

Aim 1b: To determine if inserting epidemiological data decreases opioid prescriptions.

Hypothesis 1b: Time periods during which clinics are randomly assigned to receive the modified imaging
reports will have a lower rate of subsequent opioid prescriptions than time periods during which clinics
do not receive modified reports.

Aim 1c: To determine if inserting epidemiological evidence decreases subsequent cross-sectional
imaging magnetic resonance (MR) and computed tomography (CT).

Hypothesis 1c: Time periods during which randomly assigned clinics receive modified imaging reports
will have a lower rate of subsequent cross-sectional imaging than time periods for which clinics do not.

Aim 1d: To explore whether adding epidemiological evidence decreases overall costs of care for low
back pain based on CMS reimbursement.

Hypothesis 1d: Clinics that are randomly assigned to receive the modified imaging reports will have
lower back pain-related estimated payer costs than clinics whose patients do not receive modified
reports. Costs are another outcome that are highly relevant to both patients and health systems.

Aim 2: To determine whether inserting age-specific prevalence of imaging findings in asymptomatic
subjects has a differential effect on subsequent back-related interventions if inserted into lumbar spine
MR and CT imaging reports compared with plain films.
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Hypothesis 2: Inserting epidemiological information into plain film reports will result in a greater

decrease in subsequent back-related interventions than similar information put into MR and CT reports.
Given that plain films are generally obtained earlier in the course of back pain and more frequently than
MR and CT, the potential impact of inserting epidemiological information into plain film reports is large.

Aim 3: To determine if specific imaging findings influence subsequent interventions.

Hypothesis 3: Inserting the statement will result in a greater decrease in subsequent interventions for
patients without clinically important findings compared with patients who have clinically important
imaging findings. Our work and others have shown that certain imaging findings are likely to be clinically
more important than others (e.g. nerve root compression, moderate to severe central stenosis, disc
extrusions). We expect that patients without these more important findings will have a greater
reduction in subsequent interventions.

4. Study Details

4.1 Eligibility Criteria

Because this is a pragmatic trial, we have minimized eligibility restrictions, making the inclusion criteria
as broad as possible. Clinics will be the primary unit of randomization and analysis, while the
intervention will be applied at the individual patient level. Thus two sets of eligibility criteria are
necessary: clinic and patient.

The criteria for clinic eligibility are that the health care providers are a distinct, readily identifiable group
that has at least a subgroup of primary care providers who do not practice at another clinic that will also
be part of the trial. This requirement of being based primarily at one site is to minimize cross-
contamination (having the use of epidemiological benchmarks at one site influence another site not
receiving the benchmarks).

The criteria for patient eligibility are that they have had an imaging study of the lumbar spine requested
by a primary care provider. We will include all conventional lumbar spine imaging (plain films, CT, MR)
ordered by primary caregivers.

4.2 Consent procedure

Because the intervention will be administered at the clinic level, consent of either individual patients or
primary caregivers is neither feasible nor warranted. Moreover, the intervention is relatively benign (the
insertion of additional epidemiological information into the radiology report) and poses minimal risk to
caregivers and patients. The performance sites are enthusiastic about incorporating the epidemiological
benchmarks into their reports and may well eventually adopt them regardless of the project, our study
simply allows for systematic study of the effects of a well-controlled implementation of the insertion of
the benchmark information. The randomization scheme defines when each clinic begins including the
epidemiological information into the reports, with all sites eventually receiving the intervention of
interest.

4.3 Inclusion and Exclusion Criteria
We will define a clinic as a primary care clinic if a majority of the practitioners at that clinic are providing
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primary care. We will include general internal medicine and family practice physicians as primary
caregivers as well as mid-level providers working with physicians such as nurse practitioners and
physician assistants.

We will include all adult patients of eligible caregivers who have had a lumbar spine imaging study plain
film, CT or MR) ordered by their primary care practitioner.

5. Research Design and Methods

5.1 Clinic/Practitioner/Patient Identification

The site Pl will identify eligible clinics within their health system, working closely with their
administrative and information technology (IT) staff to assure complete inclusion of primary care clinics.
The site Pls will then categorize practitioners within each clinic by specialty, designating general
internists, family practitioners and obstetrician/gynecologists as primary care practitioners. Mid-level
providers (e.g. nurse practitioners and physician assistants) working as primary caregivers will also be
classified as primary care practitioners. The health information system will be used to automatically
identify when a practitioner from a particular clinic orders a lumbar spine imaging study.

5.2 Randomization

At each site we will identify the settings where primary care is delivered and designate an appropriate
unit that will constitute a functional “clinic” for randomization and analysis. We will randomly assign all
predetermined clinics at each site to receive the intervention at one of five fixed time-points, rolling
interventions out every six months beginning at the start of the second quarter of Year 2. Using cutoffs
determined in the UH2 project phase, we will sort clinics by number of primary care providers into
tertiles (e.g. small, medium, large clinics). From each tertile we will randomly select clinics using urn-
based randomization (without replacement) stratified by site and clinic size such that clinics of small,
medium, and large size are equally represented in each randomization wave. For more details regarding
the Analysis plan, please refer to the UH3 transition request proposal and accompanying Appendix 10,
Analysis plan that reflects modifications made to the original plan we outlined for UH2.

Figure 3: Proposed Randomization Schedule
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Unexposed to LIRE intervention
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5.3 Clinic/Patient Enrollment

Using the site administrative data systems, we will identify all primary care providers (PCP) at a given
clinic. When an identified PCP from a randomized clinic submits a request for a lumbar spine imaging
study, the report will automatically be flagged. The PCP’s name will be cross-referenced with the
randomization assignment and those PCPs who work in clinics assigned to receive the intervention will
have the epidemiological benchmark information automatically inserted into their imaging reports.
Those PCPs who work in clinics not yet scheduled to receive the benchmark information will get the
usual imaging report issued by their radiologists. Since the intervention will be applied at the PCP and
clinic level, all patients receiving lumbar spine imaging studies at those clinics will be part of the trial.
The lumbar spine imaging studies that we plan to include in the trial are plain films, magnetic resonance
(MR) imaging examinations and computerized tomography (CT). Table 2 lists the proposed CPT codes
that we will flag for inclusion. We are currently not planning on including nuclear medicine studies (e.g.
bone scans, both planar and SPECT) both because they are infrequently ordered by primary care
clinicians as well as because there is inadequate benchmarking information.

Table 2: Lumbar Examinations to be Included in Pragmatic Trial

CPT Code Examination Description
72080 THORACOLUMBAR SPINE, 2 views

72100 LUMBAR SPINE 2 VIEWS

72110 LUMBAR SPINE 3-4 VIEWS

72114 LUMBAR SPINE 5 VIEWS

72131 CT L SPINE W/O CONTRAST

72132 CT L SPINE W/ CONTRAST

72133 CT L SPINE W/O & W/ CONTRAST
72148 MRI LUMBAR SPINE W/O CONTRAST
72149 MRI LUMBAR SPINE W/ CONTRAST
72158 MRI L SPINE W/ & W/O CONTRAST

5.4 Data collection

We will collect all baseline and follow-up data from the electronic information systems which,
depending on the site, will include both the electronic medical record (EMR) as well as administrative
data systems.

Baseline Data Collection: We will include all patients receiving lumbar spine imaging studies (plain films,
MR and CT) in the last quarter of Year 1 and the first quarter of Year 2 as a part of a baseline accrual
period to establish baseline parameters for the primary care physicians in participating clinics. Since the
randomization will occur at the clinic level, the baseline data will reflect clinic level ordering patterns of
diagnostic and therapeutic interventions.

Follow-up Data Collection: We will capture EMR data on patients for a minimum of one and up to two
years after the index imaging test. All patients will have a minimum of one-year follow-up. Eighty
percent of patients will have two-year follow-up due to the staggered implementation of the
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intervention. The six-month length of each patient accrual period is sufficiently long to account for
temporal or system-level trends in the measured outcomes over the course of the study.

5.5 Aims for UH2 Phase

Our goal is to use the planning UH2 phase of the grant to accomplish the following: First, we will refine
the epidemiological benchmarks that we will insert into the radiology report. Second, we will develop
and test our site-specific deployment method for the cluster randomization. Third, we will develop a
metric that reflects the intensity of interventions for back pain-related care and develop CMS-based
standardized cost estimates associated with resource use intensity that can be applied uniformly among
health systems. We will validate this metric using data from the health care systems electronic medical
record. Fourth, we will develop and validate our methods for extracting outcome data from the
electronic medical record. Fifth, once we have defined the above, we will obtain Institutional Review
Board approval for the implementation phase of the study. We will also use this time to assemble
subcontracts for administrative review at each site.

Aim 1: Refine the information to be included in the radiology report so that it is specific for imaging
modality and patient age.

In our original implementation, we only inserted the epidemiological benchmarks into reports of lumbar
spine MRs whereas in the current project we propose to insert the information into reports of MR, CT
and plain films. Moreover, we used epidemiological data from a single study published by our group
(Table 3).(8) Other groups have published similar data for MR as well as other modalities. (9, 10, 42-59)
In addition to updating the epidemiological benchmarks and expanding them to other modalities, we
will also gather data regarding age-specific rates for various imaging findings. While eventually we would
envision a decision support tool that could recognize specific patient attributes, such as age or the
presence of a particular finding, and insert customized benchmark data for that individual, such a system
is beyond the scope of this project. Instead we plan to insert benchmarks that are simply stratified by
age ranges. We will perform a systematic review of the literature so that we are inserting the most
recent and complete epidemiological evidence into the radiology report.

Table 3: Age-specific Rates of Lumbar Spine Imaging Findings (from Jarvik et al, 2001)

Age Group
45-55 yr 5565 yr t
Imaging Finding <d5yrin=31) (n=53) (m = 35) =65 yr {n = 29}  Statistic® 2-sided P  Adjusted ORT (95% CI)
Disc degeneration 24 (17) 49 (93) 32(91) 29(100) —3.35 <0.01 1.13(1.04, 1.23)
Desiccation {moderate or severe) 20 (65) 42 (79) 32 (91) 29 (100) —4.14 =0.01 1.12(1.05, 1.20)
Loss of disc height 13 (42) 27 (51) 23 (66) 20 (69) —2.56 0.01 1.06(1.02, 1.10)
Bulge 14 (45) 34 (64) 23 (66) 24.(83) —3.5h <0.01 1.08(1.03, 1.13)
Protrusion 9(29) 18 (34) 11(31) 10(35) —0.01 0.99 1.01(0.97, 1.05)
Extrusion 0(0) 6(11) 21(6) 1(3) 0.34 0.73 1.01(0.92, 1.10)
Nerve root compromise 0(0) 214 1{3) 2(7) —0.90 0.37 1.08 (0.96, 1.21)
Annular tear 12 (39) 19(36) 13(37) 12 (41) 014 0.89 0.99 (0.96, 1.03)
Endplate changes 1(3) 9{17) 15 (43) 14 (48) —5.00 <0.01 1.13(1.07, 1.19)
Stenosis {moderate or severe) 2(7) 3(6) 4(11) 6(21) —-2.07 0.04 1.09(1.02, 1.16)
Facet joint degeneration 0{0) 4(8) 12 (34) 11(38) —4.39 <0.01 1.14(1.07, 1.21)
(moderate or severe)
Spondylolisthesis 2(6) 5(9) 9(26) 10(35) —3.33 <0.01 1.09(1.03, 1.15)

* Independent samples t test.
T Adjusted odds ratio from logistic regression analysis: v = a + fyAge + BoGender + BaHace + B;Smoking + BgHeight + BgWeight + gBMI + BgPast pain,
where y = imaging finding and explB,} = adjusted odds ratio.
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Aim 2: Develop site-specific deployment methods for the stepped wedge, cluster randomization
scheme.

The unit of
randomization for
this project will be at
the level of the clinic.
The stepped wedge Parallel Crossover Stepped Wedge
design is a one-way Time Time Time
cluster, crossover i 19 12343
design that R 111 0 NIEEE
temporally spaces the Chuster 2| 1 Cluster 2|1 0 Cluster 2]0 0 1 1
intervention and 3l o
assures that each

participating clinic

will eve ntua”y Treatment schedules for parallel, crossover, and stepped wedge designs, “0” represents control or existing treatment; “1” represents an

Figure 4: Comparison of Parallel, Crossover and Stepped Wedge
Designs (from Hussev et al.. 2007)

M A Hussey, J.¥. Hughes / Contemporary Ulinical Trials 28 (J007) 182-1%1 183

310 1 3o 0011

| 0 110 1 {00001

intervention,

receive the
intervention. Figure 4, from Hussey et al, (41) compares the stepped design with parallel and crossover
designs:

Our experience with the BOLD project and other multicenter studies informs us that the procedures and
hurdles at each site will be different so that our approach for implementing the cluster randomization
must be customized at least to some extent. In the UH2 phase of the project, we will work closely with
the informatics groups at each health system to develop the schedule of clinics to be randomized to
receive the insertion of epidemiological data into the relevant reports. A key component of deploying
the intervention is that it be automated and not require a radiologist to actively insert benchmark
statements into the report. We also plan to create a process for notifying sites of intervention
deployment, being careful to minimize opportunities for internal or external sources of contamination.

Aim 3: Develop and validate a composite measure of spine intervention intensity that combines into a
single metric the overall intensity of resource utilization for back pain care.

Relative value units (RVUs) are a measure of work effort associated with a particular medical service.
Although there are potential drawbacks to RVUs, including overvaluing certain services relative to others,
it is a widely used metric and one potential method for measuring the intensity of services provided (or
resources utilized) for back pain treatment. During the planning year, our group would need to
specifically identify services that would comprise the back care intensity metric.

Once defined, we could then attempt to validate the metric using the World Health Organization’s
stepped care approach to pain treatment, which amounts to an escalating ladder of treatment
intensiveness.

Aim 4: Develop and validate electronic data methods and tools to capture the outcomes of interest
(subsequent diagnostic testing, opioid prescriptions, spinal injections, spine surgeries).
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While all of the health care systems that we propose to involve in our project have sophisticated and
comprehensive electronic medical records systems, we know from experience that accessing the
relevant data and transmitting it to the project’s data coordinating center will require careful planning
and individualized approaches for each health system. We have already successfully implemented
methods for collecting some of this information from 2 of our proposed sites (Kaiser Northern California
and Henry Ford Health System, Detroit, MI) and would refine and deploy these methods at two new
sites, Group Health Cooperative in Seattle, WA and the Mayo Clinic Health System in Minnesota and
Wisconsin.

5.6 Working Groups

The planning UH2 phase of the grant will be used to accomplish the following: First, we will refine the
epidemiological benchmarks that we will insert into the radiology report. Second, we will develop and
test our site-specific deployment method for the cluster randomization. Third, we will develop a metric
that reflects the intensity of interventions for back pain-related care and develop Medicare-based
standardized cost estimates associated with resource use intensity that can be applied uniformly among
health systems. We will validate this metric using data from BOLD and Medicare. Fourth, we will develop
and validate our methods for extracting outcome data from the electronic medical record.

The scope of work for the UH2 planning year has been outlined and assigned to one of four working
groups that align with the aims described above.

Working Group 1 will focus on refining the information to insert into the radiological report. They will
lead a critical review of the literature focusing on the age-specific prevalence of common findings seen
on plain films, CT and MR in people without low back pain. We will use meta-analytic methods to
combine the prevalence estimates from multiple sources, weighting by study quality and relevance to
the LIRE population. We will summarize the epidemiological information so that it can be inserted into
plain film, MR and CT reports of lumbar spine imaging. Dr. Jarvik will lead this working group and work
closely with Dr. Kallmes at the Mayo Clinic Health System.

Working Group 1 progress: Members of this working group developed and pilot tested the intervention
text and took several steps in this process.

1. Comprehensive literature review for relevant articles regarding radiologic findings

2. Two independent reviews and data extraction of findings from relevant articles. See
Appendices 1 and 2 for the Abstraction form used and list of final articles contributing data to the
prevalence rates included in the intervention text.

3. Data cleaning and compilation

4. Data analysis and modeling to determine a) which findings had sufficient data to report on
and b) age cut points

7. Consult with the Program for Readability In Science & Medicine (PRISM) scientific writing
group at Group Health.

8. Key informant interviews with two patient advisors for feedback on format and readability
9. On-line survey with over 20 patient advisors for feedback and comment

Participating patient representatives were provided with a sample radiology report and four
different versions of the intervention macro. They were asked the following questions:
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*  Whatis your age?

* Have you ever sought medical care for low back pain?

*  Which format option did you prefer?

* Why did you prefer that format option over the others?

* Based on this information, would you say disc degeneration is common or rare?

* What is clear about the information presented?

* What is confusing about the information presented?

* How would you use the information presented in the option that you preferred?

* If you received a radiology report with the information in the option that you preferred,
would you feel less or more concerned about having the imaging finding(s) that are
common in people without back pain? For example, would you feel less or more
concerned about having a degenerated disk?

10. On-line survey with seven primary care physicians for feedback and comment. Participating
providers were provided with a sample radiology report and three different versions of the
intervention macro. They were asked the following questions:

* What proportion of your patient visits are related to low back pain?

*  Which format option do you prefer?

* Why did you prefer that format option over the others?

* Based on this information, would you say disc degeneration is common or rare?

* What could be improved about your preferred option?

* If you received a radiology report with the information in the option that you preferred,
would you be less or more concerned about a given patient's imaging finding? For
example, would you feel less or more concerned about a patient having a degenerated
disk?

* How would the information presented in the option that you preferred inform your
clinical decision making?

The final text is a product of the efforts described above and will serve as the final intervention.
Different wording is offered based on 1) Age (<40, 40-60, and >60 years of age) and 2) Modality
(plain film, CT, MR).

Working Group 2 will focus on methods to practically deploy the stepped wedge cluster randomization
scheme. This will require working closely with the informatics group at each of the four sites to
determine the optimal method for inserting the intervention text into their reports. This might occur at
the level of the radiology reporting software (RRS), the radiology information system (RIS) or the
hospital information system (HIS). Sites must demonstrate the ability to selectively insert the
intervention text only into reports where the clinic is randomly allocated to receive the intervention. Dr.
Heagerty and Mr. Comstock will lead this working group out the Center for Biomedical Statistics (CBS)
that is part of the Institute for Translational Health Sciences (ITHS), the University of Washington’s
Clinical and Translational Science Award (CTSA). Dr. Heagerty is Professor and Associate Chair of
Biostatistics and the Director of the CBS.

Working Group 2 progress: A site-readiness tool has been developed to guide efforts for pilot testing
the insertion of the intervention macro across the clinics at a given site (see Appendix 3 for an example

of this pilot testing document and site checklist). At the conclusion of this pilot, the number and size of
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participating clinics at each site will be verified as well a final determination regarding technical
feasibility of clinic randomization and intervention text insertion.

Working Group 3 will develop and validate the composite measure of spine intervention intensity, likely
to be based on units and types of services used. We will validate this metric using data from a variety of
sources including the Back pain Outcomes using Longitudinal Data (BOLD) registry. This will be an on-
going effort through much of the planning year as we review the literature and obtain expert opinion to
optimize the factors comprising the composite measure, and validate the measure. Drs. Deyo and
Bresnahan will co-lead this effort. Working Group 3 will also develop cost estimates to apply to overall
spine intervention intensity and to individual services.

Working Group 3 progress: A comprehensive review of the literature was conducted searching for
articles pertaining to RVU-related assessment (see Appendix 4 for a complete list of articles). Mapping of
CPT codes to relative value units has been completed using the BOLD Registry data. A manuscript of this
work is currently being drafted. Mapping of codes determined to be “spine-related” has been completed
utilizing previous work performed by a colleague currently at Dartmouth, Brook Martin, PhD, MPH.

Working Group 4 will develop and validate the methods to extract the necessary data to passively
measure outcomes from each site’s EMR. The group will perform test data pulls from each site of the
key variables identified by Working Group 3. Anonymized data will be transmitted to the Data
Coordinating Center at the UW, housed at the CBS. UW would only receive limited data sets without
protected health information. Dr. Nick Anderson will lead this group, working closely with informatics
experts at each of the sites. Dr. Anderson was Associate Director of the Bioinformatics Core at the UW
ITHS at the start of the project and has since taken a position with University of California- Davis but will
remain involved in the project.

Working Group 4 progress: An overall plan has been developed to leveraging PopMedNet to virtually
connect the various implementation sites to UW who is to serve as the DCC for this project in
anticipation of the data exchange which will take place in the UH3 phase. For EHR extraction, we
anticipate utilizing the Virtual Data Warehouse at the three HMORN sites as much as possible,
developing customized programming pieces that are necessary beyond that to further capture all the
necessary data elements. Mayo clinic does not use the VDW so all data extraction programming will
have to be customized at that site.

The working group activities as well as general project coordination will utilize the web-based tool,
Basecamp (www.BaseCamp.com) to streamline efforts. All faculty and staff at the DCC, as well as Site
PI’s and study personnel at each site, will be given access to Basecamp. In addition, each working group
has a dedicated “project” within Basecamp that will be used to facilitate discussions among group
members, organize files, keep notes, and centralize study-related documents.

In order to coordinate efforts at each of the individual sites and assure the UH2 milestones are met in a
timely fashion, site milestones have been outlined and site Pls and their respective research and
technical teams are working towards these goals.

1.“Radiology buy-in”

Assignee: Site PI/ Jarvik
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Objective: Facilitate consensus among Radiologists that they are willing to have the intervention
used

Deliverable #1: Letter of support from Radiology chair (template provided)
Due Date: July 31, 2013

2.“IRB approval”
Assignee: Site Pl/ James

Objective: Coordinate IRB review such that waiver of consent and HIPAA for patients and waiver
of consent for physicians is in in place

Deliverable #2: Final IRB approval documentation

Due Date: Final approval of application August 31, 2013
3. “Randomization Pilot”

Assignee: Site PI/ Comstock

Objective: Demonstrate ability to insert template into radiology report on schedule, randomized
by clinic

Deadline: July 31, 2013
4. “EMR data extraction”
Assignee: Site PI/ Anderson
IT resource identified who Installs and authenticates the PopMedNet Client

Deadline: July 31, 2013

Identify a programming resource and validate a "starter set" VDW query that has been mapped
against the LIRE data set

Deadline: August 31, 2013

2013-09-26/kj 25
Version 3



LIRE

Study Protocol

Table 4: Milestones for UH2 Planning Year Needed to Transition to UH3 Implementation

Suitability for

Importance to UH3

James, Comstock, Jarvik

UH2 Phase Milestone Timeline Assessing UH2
Success
Success
Aim 1:Complete critical literature . . ) Critically important:
. : ) . Highly suitable:
review to refine the information to be Development and
. . X Necessary to develop i
included in the radiology report so 3 - refinement of the
o o . . . text describing age- . : .
that it is specific for imaging modality months o . . .| intervention text is
. specific epidemiologic .
and patient age. ; necessary for the timely
. . benchmarks for plain | . .
Jarvik, Bresnahan, Deyo, Halabi, ! implementation of the
. films, CT and MR. . .
Kallmes, Turner, Luetmer, Avins intervention.
Aim 2: Develop site-specific Critically important: Sites
deployment methods for the stepped Highly suitable: Will must have proven ability
wedge, cluster randomization scheme need detailed to selectively implement
Comstock, Anderson, Avins, 3 implementation intervention text in the
Cherkin, Halabi, Heagerty, James, months | protocols prior to radiologic reports
Jarvik, Pathak, Murphy, Ciarelli, implementation of generated for providers at
Needed: KP technical resource intervention. a given primary care
Needed: GHC technical resource clinic.
Important: The
Aim 3: Develop and validate a achievement is important
composite measure of spine Suitable: Definition of | but not critical. While
intervention intensity that combines composite measure other metrics could be
into a single metric the overall 6 to be used as primary | used successfully,
intensity of resource utilization for months outcome and including single
back pain care and develop cost validation using parameters, a composite
estimates associated with units of existing BOLD data. measure enables a more
resource used and intensity of use. comprehensive estimate
Bresnahan, Deyo, James, Jarvik of overall care received
for back pain.
Aim 4:Develop and validate
electronic data methods and tools to Highl itable: Dat
capture the outcomes of interest dilcgtiosrllas:ﬂ :nde. ata Critically Important:
(subsequent diagnostic testing, opioid 6 rot I¥ v th Feasibility must be
prescriptions, spinal injections, months glgc?r%c;\icorr?::igal © | demonstrated in order to
specialist visits, spine surgeries, etc.) record (EMR) passively collect
Anderson, Comstock, James, n ] outcomes using the EMR.
Jarvik, Turner ecessary
Highly suitable:
Additional Goals: Data Safety Edﬁmrsiizan:fMP’ Critically Important: A
Monitoring Plan (DSMP) formulation 6 . safety officer will need to
. . , IRBs,funding agency, .
and designation of safety officer months . . review and approve the
Heagerty, Comstock, James, Jarvik and deS|gpat|on of study DSMP
’ ’ ’ Safety Officer needed '
prior to study initiation
Highly suitable: Draft | Critically Important: The
Additional Goals: Draft study 6 the study protocol so | study protocol will need
protocol months it incorporates the to be reviewed by the

decisions made for
Aims 1-4

IRBs before the study
receives final approval.
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Additional Goals: IRB approval Highly suitable: . )
James, Avins, Cherkin, Halabi, Conditional IRB Critically !mporte_mt. IRB
- . 9-12 . approval is required

Jarvik, Kallmes, Project Managers approval at multiple

. . months ; before study procedures
from each site (Hamilton, Connelly, sites always I

. can be initiated.

Wessman, Hawkes) challenging
Additional Goals: Establish
subcontracts with sites 9-12 Draft and submit Critically Important:
James, Avins, Cherkin, Halabi, months subcontracts for the Subcontracting with sites
Jarvik, Kallmes, Post-award UH3 phase at all sites | is a required process.
personnel at each site

5.7 Aims for UH3 Phase

Aim 1: To determine whether inserting a description of age-specific prevalence of imaging findings
among asymptomatic subjects into lumbar spine imaging reports decreases back-related interventions
during the subsequent year.

Aim 1a: To determine if inserting epidemiological evidence reduces RVUs attributable to spine
interventions.

Hypothesis 1a: After primary care clinics are randomly assigned to receive the modified report, they will
have a lower average overall RVU (technical and professional) per imaged-patient attributable to spine
interventions than clinics that are not receiving the modified reports.

We will calculate an overall spine-related RVU for each patient in the study by summing all RVUs
attributable to spine-interventions within one and two years after the date of return of the index image
report (the plain film, MR or CT of the lumbar spine imaging study whose report either does or does not
contain the epidemiological benchmark data). For each patient accrual period in Figure 3, we will
calculate a total spine-related RVU per primary care provider who orders at least one lumbar imaging
exam in Table 2. We will aggregate spine-related RVUs across the study-eligible patient panel. The
calculated primary care provider RVU will serve as the primary outcome measure of this study. As noted,
we will also apply standardized CMS-based costs to RVU calculations.

We will use generalized linear mixed models with jackknifed standard to model the change in post-
intervention RVU from pre-intervention RVU. We will use random effects for the clinic and for the effect
of intervention defined by the indicator of exposure to the LIRE intervention. We will use a three-month
pre-intervention washout period where patients with index visits in this window will be excluded from
the analysis. We will adjust the model for period of time (period 0 through period 5) as a fixed effect to
adjust for general calendar trends in RVUs. We will also adjust the model for the type of image ordered
at the initial index visit as a categorical variable (plain film, CT, MR).

Aim 1b: To determine if inserting epidemiological evidence decreases subsequent opioid prescriptions.

Hypothesis 1b: Clinics that are randomly assigned to receive the modified imaging reports will have a
lower rate of subsequent opioid prescriptions than clinics whose patients do not receive modified reports.
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Our pilot work suggested that including epidemiological evidence was associated with a nearly 3.5-fold
reduction in opioid prescriptions. We feel that it is important to test this hypothesis given the growing
recognition that the overuse of opioids is an important issue in the management of back pain patients.

We will calculate a binomial outcome of the number of patients (out of the eligible patient panel) with a
prescription for opioids that occurred after the lumbar spine imaging report was finalized. We will
examine this for each primary care provider across each of the six patient accrual periods. We will utilize
a generalized linear mixed model to assess the impact of the LIRE intervention on subsequent written
opioid prescription rates. Since some patients will already have an active prescription for opioids at the
time of the index visit, we will also conduct a subgroup analysis by conducting analyses separately for
those patients with and without an active prescription at baseline. As described earlier, we will convert
all prescriptions into MEDs. This will allow us to examine temporal trends in not only prescriptions but
also dose.

Aim 1c: To determine if inserting epidemiological evidence decreases subsequent cross-sectional
imaging (magnetic resonance (MR) and computed tomography).

Hypothesis 1c: Clinics that are randomly assigned to receive the modified imaging reports will have a
lower rate of subsequent cross-sectional imaging than clinics whose patients do not receive modified
reports.

The number of patients who receive cross-sectional re-imaging within 1 and 2 years (out of the eligible
patient panel) will be calculated as a binomial outcome measure for each primary care provider across
each of the six patient accrual periods. We will again utilize a generalized linear mixed model to assess
the impact of the LIRE intervention on subsequent rates of cross-sectional reimaging, including random
effects for the baseline rate of cross-sectional re-imaging and for an indicator of exposure to the LIRE
intervention. We will adjust the model for period of time (period 0 through period 5) as a fixed effect to
adjust for general longitudinal trends in re-imaging rates. We will also adjust the model for the type of
image ordered at the initial index visit as a categorical variable (plain film, CT, MR).

Aim 1d: To explore whether adding epidemiological evidence decreases overall costs of care for low
back pain based on CMS reimbursement.

Hypothesis 1d: Clinics that are randomly assigned to receive the modified imaging reports will have lower
back pain-related estimated payer costs than clinics whose patients do not receive modified reports.

We will apply CMS-based reimbursement amounts to RVU calculations in order to standardize unit cost
estimation among our sites. We will use CPT and diagnostic codes to determine whether interventions
are associated with back pain, and multiply the total back-treatment related RVUs at sites by the unit
price payment amounts for respective RVU calculations.

Table 5: Sample of RVUs and CMS-based payment amounts for lumbar imaging (US$ 2012)

CPT Diagnostic Imaging Exam  Hospital (facility) Professional
Hosp Hosp Pro Pro Pro
RVU payment wRVU tRVU payment
72100 2 view x-ray exam lower 0.6399 $48.22 0.22 0.34 $12.08
2013-09-26/Kj 28

Version 3



LIRE Study Protocol

spine
4 view x-ray exam lower
72120 spine 0.6399 $48.22 0.22 0.35 $12.47
72131  CT lumbar spine w/o dye 2.746 $206.54 1 1.44 $51.57
72132 CT lumbar spine w/dye 4.2918 $323.42 1.22 1.75 $62.58
CT lumbar spine w/o &
72133  w/dye 4.7716 $359.59 1.27 1.82 $65.10
72148  MRI lumbar spine w/o dye 4.8333 $364.24 1.48 2.14 $76.44
72149  MRI lumbar spine w/dye 6.2248 $469.10 1.78 2.57 $91.88
MRI lumbar spine w/o &
72158 w/dye 7.6273 $574.79 2.36 341 $121.79

Aim 2: To determine whether inserting age-specific prevalence of imaging findings in asymptomatic
subjects has a differential effect on subsequent back-related interventions if inserted into lumbar
spine magnetic resonance (MR) and computed tomography (CT) imaging reports compared with plain
films.

Hypothesis 2: Inserting epidemiological information into plain film reports will result in a greater
decrease in subsequent back-related interventions than similar information put into MR and CT reports.

Our pilot work examined only MR. However, given that plain films are generally obtained earlier in the
course of back pain and more frequently than cross-sectional imaging, the potential impact of inserting
epidemiological information into plain film reports is large. In each separate analysis of Aim 1 outcomes,
we will add an indicator of imaging modality (plain film versus MR versus CT) and an imaging modality by
treatment interaction term in the model. Primary inference will be on the interaction term, where we
expect that patients with more advanced imaging will have a significantly greater reduction in
subsequent interventions than those who receive a plain film image.

Aim 3: To determine whether the presence of certain imaging findings influence subsequent
interventions

Hypothesis 3: Inserting epidemiological information will result in a greater decrease in subsequent
interventions for patients without findings that are clearly clinically important compared with patients
who have clinically important imaging findings.

Our work and others have shown that certain imaging findings are likely clinically more
important than others (e.g. nerve root compression, moderate to severe central stenosis, disc
extrusions). To address this hypothesis, we will use the returned result from radiology to categorize
imaging findings into clinically important versus not clinically important. We have identified central
canal stenosis, nerve root compression and disc extrusion (a type of herniation) as the clinically most
important imaging findings. This is in contrast to findings that are less clinically important (disc bulge,
disc narrowing, Modic change, annular fissure, etc).

In each separate analysis of Aim 1 outcomes, we will add an indicator of clinical importance and a
clinical importance by treatment interaction term in the model. Similar to Aim 2, primary inference will
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again be on the interaction term, where we expect that patients without these more important findings
will have a significantly greater reduction in subsequent interventions compared to patients with
important findings.

Table 6: Milestones for UH3 (Implementation Phase)- Years 2-5

Year of UH3 Milestone Comment
Project
Year2 Final testing of intervention deployment To be completed before Wave 1 of
g ploy randomization scheduled for April, 2014
Planned staggered implementation using
Intervention implemented at 40% of clinical sites stepped wedge design will require close
monitoring of progress.
This will continue the work started as
Algorithm finalized for electronic medical record UH2 Milestone #4. Each site will require
extraction and tested at all sites a customized algorithm- hence the need
for site-specific development and testing
. D We will ipt ibi
Protocol paper submitted for publication e will prepare a manuscript describing
our study protocol and procedures.
Year 3 Randomized intervention implemented at 80% of Planned staggered !mple.mentat.lon using
. . stepped wedge design will require close
clinical sites o
monitoring of progress.
Medical record extraction complete for 12mo Data extraction ongoing for duration of
outcomes on randomization waves 1-2 project for 12 and 24mo time-points.
Comparison of abstraction methods for radiology
reports (natural language processing vs. Amazon
Turk)
Year 4 . . All clinical sites randomized to
Intervention implementation completed . . L
intervention by this time.
Medical record extraction complete for 12mo
outcomes on randomization waves 3-4 and 24mo
outcomes on randomization waves 1-2
Abstraction of radiology reports through 12mo for
waves 1-4 using preferred method from yr 3
Year 5 | Medical record extraction including imaging
reports complete for 12mo outcomes on
randomization wave 5 and 24 mo outcomes on
randomization waves 3-4

2013-09-26/kj
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Data analysis, manuscript writing & dissemination | Manuscripts for 12mo outcomes and
of results at national meetings 24mo outcomes submitted for publication

Table 7: Timeline for the UH3 Phase (Years 2-5)

YEAR 2 (2014) YEAR 3 (2015) YEAR 4 (2016) YEAR 5 (2017)
JFMAMJ JASOND|J FMAMJ JASOND|J FMAMJ JASOND|J FMAMJ JASOND

Randomization Wave*
Wave #1
Wave #2
Wave#3
Wave #4
Wave #5
Validation datasets**
Validation sets transferred from sites to DCC k3 x x % x ®
Comprehensive datasets***
Comprehensive datasets transferred from sites to DCC LR ® x % x
Data Quality Assessment
Quality Assessment on set #1 k3
Quality Assessment between set #1 and #2 %
Data Safety & Monitoring Reports
Reports every six monthes © ® ® ® ®
*Insertion of Intervention text , randomized at clinic level
**Index file with CPT codes, LIRE IDs, radiology image reports verifying insertion of intervention text
***Electronic Medical Record and administrative/billing data for 12mo and 24mo outcomes

6. Statistical Considerations

For details regarding sample size and power calculations as well as all other statistical considerations,
please refer to the LIRE Statistical Analysis Plan.

7. Human Subjects

Because the intervention will be administered at the clinic level, consent of either individual patients or
primary caregivers is neither feasible nor warranted. Moreover, the intervention is relatively benign
(the insertion of additional epidemiological information into the radiology report) and poses minimal
risk to caregivers and patients. Because leadership at the Healthcare Systems making up the
performance sites are enthusiastic about incorporating the epidemiological benchmarks into their
reports and may well eventually adopt them regardless of the project, our study simply allows us to
systematically study the effects of a well-controlled implementation of the insertion of the benchmark
information. The randomization scheme defines when each clinic begins including the epidemiological
information into the reports, with all sites eventually receiving the intervention of interest.

7.1 Human Subjects Involvement and Characteristics

Eligibility criteria: A patient will be eligible for inclusion in the study if they are at least 18 years old and
referred by their primary care provider for plain films, CT or MR of the lumbar spine to evaluate low
back or leg pain. We will access patient medical records 6 months prior to the index image and for two
years after the index image in order to track patient outcomes before and after the intervention.
Subjects will receive usual care, and neither their diagnostic evaluation nor their therapy will be
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constrained by study considerations. We anticipate enrolling ~100,000, patients who underwent lumbar
spine imaging examinations across four different health systems.

7.2 Research Data

Research data will consist of individual subjects’ medical record data and information on clinics and
providers. We will collect all data passively with automated data extractions. Data extracted from the
medical record will include demographic data, variables related to imaging, pharmacy, procedures,
hospitalizations, and other factors related to healthcare utilization. We will not collect patient reported
outcomes unless they are part of the medical record.

We will collect demographic data on primary care providers and will code the data in such a way that an
individual practitioner is not identifiable. We will use patient data to derive pre and post randomization
rates of spine related interventions (diagnostic imaging, opioid prescriptions, spine related procedures,
physical therapy etc.) among a provider’s patient panel.

We will code with a unique study identification number, without reference to patient or provider
identity. The code key will be kept secured at the recruitment site, separate from the data. Only the
site researchers will have access to the code key (not the researchers at the DCC).

7.3 Potential risks
The research activities in this trial are very low risk. Perhaps the most important risk is a breach of
confidentiality of clinical information.

Individual subjects will not be contacted or consented for this project. No patient reported outcomes
are being collected and so no patient interviews will be performed. The intervention is being
administered at the clinic level; therefore, consent of either individual patients or providers is neither
feasible nor warranted. Moreover, the intervention is relatively benign (the insertion of epidemiological
benchmark data into the radiology report) and poses virtually no risk to either providers or patients. We
will not constrain the choice of tests or treatments offered to subjects.

The main risk associated with this project will be loss of confidentiality as medical record access will be
necessary in order to assess the impact of the intervention. We will make extensive efforts to assure
that records are kept in locked files and are not identifiable to anyone but the investigators. All PHI will
be stored securely locally. Non-PHI data will be uploaded via a web-based system to the Data
Coordinating Center at the Center for Biomedical Informatics and Biomedical Statistics at the University
of Washington. Anonymized data will be stored on a server located at Biomedical Informatics, where no
names or hospital numbers are included and only study numbers will be attached to the data files. Data
will be kept on a server that requires a password for entry and in a locked office.

As the identities and clinical information gathered on patients will be guarded, so too, will the identities
and data collected on clinic providers. All identifying information will be stored securely at the local
recruitment sites. Only coded, limited data set will be transferred to the DCC such that an individual
provider from a given clinic within a health system; cannot be identified.

7.4 Adequacy of Protection Against Risks
We anticipate that each site will work within their own health system to identify primary care clinics,
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primary care providers, and operationalize the technical aspects regarding the intervention. The
intervention itself is the addition of epidemiologic data relevant to the imaging modality and age range
(in deciles) of a given patient for whom a radiologic image was ordered. This data will be automatically
added to existing template radiology reports in the intervention group. The randomization schedule will
be allocated at the clinic site rather than at the individual patient or provider level. Only group results
will be reported.

Per Health and Human Services Policy for Protection of Human Research Subjects, Section 46.102.i:
“Minimal risk means that the probability and magnitude of harm or discomfort anticipated in the
research are not greater in and of themselves than those ordinarily encountered in daily life or during
the performance of routine physical or psychological examinations or tests”.

We will seek a waiver of consent from the IRB’s at each of the participating health care systems since the
risk to individuals is minimal, the intervention is relatively benign and consent of patients and providers
is not practical.

7.5 Potential Benefits of the Proposed Research to the Subjects

We believe that the risks to subjects are minimal and that the relevant knowledge gains may be great.
Individual subjects in this study are not likely to benefit immediately from this new knowledge, although
it could influence their subsequent treatment, and may influence the treatment of others with a similar
condition. Knowledge of benefit or lack thereof) will inform providers and patients in the future about
the usefulness providing epidemiologic context to radiologic results in the management of low back pain.

7.6 Importance o the Knowledge to be Gained

This study will assess the impact epidemiologic data tailored to radiologic modality and age range of a
given patient) has on treatment outcomes among those with low back pain in the primary care setting.
Low back pain is prevalent, imaging is routinely used in its assessment and evaluation, and radiologic
results can heavily inform providers’ clinical decision making. Since the risks to research subjects are
minor and there is the potential for improved patient management, this research should be pursued.

All implementation sites now have IRB approval in place. Mayo Clinic and Henry Ford each went
through their own IRB approval process for minimal risk applications and received approval. Group
Health Cooperative has agreed to the IRB of record for the study and UW and Kaiser’s IRB’s both ceded
authority to them for monitoring the study moving forward.

8.0 Data and Safety Monitoring
We have drafted a data safety and monitoring plan (DSMP) and have designated two Safety Officers,

Steven Atlas, MD and Constantine Gatsonis, PhD who has agreed to review study data at regular
intervals for safety concerns.
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LIRE Article Abstraction Form

Abstractor Name:

Lead author: Journal: Year:

1. Review Article _|:|_yes (do not abstract prevalence data) _|:|_no

2. Clearly asymptomatic LBP population: [_Ino (do not abstract) [ lyes [ Jambiguous
3. Article not relevant for other reason: [ lyes (do not abstract) [ no

Prevalence of Imaging Findings in People Without Low Back Pain (include point
estimate and if available CI)

Finding Overall | Age Age Age Age Age Age
Mean range range range |range |range |range
Age

range

# subjects
without LBP

Disc
degeneration

Disc signal
loss

Disc height
loss

Disc bulge

Disc
protrusion

Annular
fissure

Modic 1
change

Modic 2
change

Facet
degeneration

(any)

Facet
degeneration
(mod-sev)

Other 1

Other 2

Comments (e.g. population characteristics, potential problems using data):

Last modified 12/5/12 2:25pm




LIRE literature search strategy for Intervention Text

1. The LIRE WGI team worked with University of Washington librarians to develop our search
strategy and list of search terms.

2. Using PubMed, we used the following terms for our initial WGI literature search:

("Morbidity"[Mesh] OR ("epidemiology"[Subheading] OR "epidemiology"[All Fields] OR
"prevalence"[All Fields] OR "prevalence"[MeSH Terms]) OR "Epidemiology"[Mesh] OR
"epidemiology"[Subheading] OR "Epidemiologic Factors"[Mesh] OR "Incidental
Findings"[Mesh] OR incidental[All Fields] OR "Asymptomatic Diseases"[Mesh] OR
asymptomatic[All Fields] OR "Unnecessary Procedures"[MeSH Terms]) AND ("Lumbar
Vertebrae"[Mesh] OR "Low Back Pain"[Mesh] OR "Intervertebral Disc Displacement"[Mesh]
OR "Sciatica"[Mesh] OR "Spinal Stenosis"[Mesh] OR "Synovial Cyst"[Mesh] OR
"Scoliosis"[Mesh] OR "Spondylolysis"[Mesh] OR "Spinal Osteochondrosis"[Mesh] OR "disc
degeneration"[All Fields] OR "disc height loss"[All Fields] OR "disc bulge"[All Fields] OR
"disc protrusion"[All Fields] OR annular[All Fields] OR anular[All Fields] OR "high intensity
zone"[All Fields] OR anulus[All Fields] OR annulus[All Fields] OR listhesis[All Fields] OR
(disc[All Fields] AND ("desiccation"[MeSH Terms] OR "desiccation"[All Fields] OR
"dessication"[All Fields])) OR "disc dehydration"[All Fields] OR (modic[All Fields] AND
endplate[ All Fields] AND ("Change"[Journal] OR "change"[All Fields])) OR "nerve root
displacement"[All Fields] OR "nerve root compression"[All Fields] OR "disc sequestration"[All
Fields] OR "intravertebral herniations"[All Fields] OR (intravertebral[All Fields] AND
("hernia"[MeSH Terms] OR "hernia"[All Fields])) OR (intradiscal[All Fields] AND
("hernia"[MeSH Terms] OR "hernia"[All Fields])) OR (intradiscal[All Fields] AND
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Inclusion criteria for articles:

1. article included subjects without low back pain (LBP)

[\S}

. listed prevalence of imaging finding in patients without LBP

3. subjects were >=18 (exclude series that were strictly peds)

(9] S

(o)

LR R

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

. subjects were human and alive (no cadaver or animal studies)
. imaging study prevalence data was for either MR, CT or plain film

. prevalence for at least one of the following was included :

spinal stenosis,

disc bulge,

disc protrusion,

disc extrusion,

disc herniation,

disc degeneration,

disc dessication (or dehydration),
disc height loss,

nerve root involvement (contact, displacement or compression),
anular fissure (or anular tear or HIZ),
spondylolysis,

spondylolisthesis,

modic change,

Schmorl’s node,

synovial cyst,

osteochondrosis
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1. LIRE study design overview
LIRE is a cluster randomized trial to study the impact of inserting a text description
of age-specific prevalence of imaging findings among asymptomatic subjects, into
lumbar spine imaging reports. We aim to study subsequent back-related
interventions (narcotic prescriptions, subsequent imaging, injections, surgeries, etc)
over the following 1 and 2 years. We are using a stepped wedge design and will
randomize each clinic to begin implementing the intervention text at one of 5 pre-
specified dates:

April 1, 2014

October 1, 2014

April 1, 2015

October 1, 2015

April 1, 2016

At clinics randomized to receive the intervention, the text will be inserted into the
radiology report whenever one of the following CPT codes is generated: 72100,
72110,72114,72131,72132,72133,72148, 72149, 72158, 72080 for patients 18
and older. Once the intervention is implemented at a given clinic, it will remain “on”
indefinitely unless the study stopped early for reasons of safety or the health system
wants to turn it “off” after the study period (April 2018) although this is not
anticipated.

2. Pilot test implementation

The goal of this pilot implementation is to verify clinic eligibility for the LIRE study
and to demonstrate successful insertion of the LIRE text into radiology reports. We
are capturing data in Table 2 of this document that will be included in the UH2
progress report to NIH in our request for funding to transition to the UH3 phase.
(So, this is important...!)

Your approach towards the pilot implementation needs to include the following:

B Assess clinic eligibility: for each clinic identified in Table 2, verify the
questions in Table 1 and mark in Table 2 whether the site meets or does not
meet the inclusion criteria or if you are unsure. Please provide comments if
necessary.

B Proof of implementation of intervention text in Section 3 (Options 1 or 2):
using dummy records, successfully demonstrate that for an eligible CPT code
(and patient age > 18) the text has been inserted into the radiology report.
An example printout of the text would suffice to show this.

B Complete pilot implementation before May 31, 2013. This is a hard deadline
as the transition report must be written and submitted to the NIH soon after
this.

B Since we do not have IRB approval, this test needs to be conducted in a test
environment or by using a dummy case.



LIRE Project
Intervention Pilot Testing Plan April - May 2013

Table 1. LIRE clinic inclusion criteria

Intervention implementation inclusion criteria to verify in pilot test

Required Inclusion Criteria

1. Can the intervention text be delivered based upon a specific CPT code (Xray: 72100,
72110, 72114, 72080; CT: 72131, 72132, 72133; MR: 72148, 72149, 72158)?

2. Can modality-specific (Xray, CT, MR) intervention text be inserted?

3. Can the intervention text be delivered based upon patient age (patients 18 and older)?

4. Can the intervention text be delivered to clinics on a scheduled basis at the 5 pre-
specified dates listed above?

5. Through an electronic medical record or radiology information system data pull, can
you verify that the text was inserted into a patient’s record with an eligible imaging CPT
code?

Must meet one of the following two criteria:

6.1 Can age range-specific (Section 3, Option 1) text be displayed in the radiology
report depending on patient age?

6.2 Can tabular information by age (Section 3, Option 2) be displayed in the radiology
report?

3. Intervention Pilot Testing Text
One of the following options would be inserted specific to imaging modality
indicated by CPT code.

Option 1: Age-specific intervention text

“Comment: The following findings are so common in people without low back pain
that while we report their presence, they must be interpreted with caution and in
the context of the clinical situation (Reference - Jarvik et al, Spine 2001)

Findings: (prevalence in patients age XX-YY without low back pain), Disk
degeneration (decreased T2 signal, height loss, bulge) (91%), Disk T2 - signal loss
(83%), Disk height loss (56%), Disk bulge (64%), Disk protrusion (32%), Annular
fissure (38%)”

Option 2: Age-tabulated intervention text
The following MRI findings are so common in people without low back pain that while

we report their presence, they must be interpreted with caution and in the context of the
clinical situation.

Disk Disk T2 Disk Disk Disk Annular
Degeneration Signal Height Bulge Protrusion Fissure
Loss Loss

21-30 A% A% As% As% As% As%
31-40 B1% B.2% B3% B4% Bs% Bs%
41-50 C1% Cx% Cs% Cs% Cs% Cs%
51-60 D1% D,% D3% D4% D5% Ds%
61-70 E1% E>% Es% E+% Es% Es%
71-80 F1% F2% F3% F1% Fs% Fe%
81-90 G1% G2% G3% G1% Gs% Ge%
>91 H1% H>% Hs% H4% Hs% He%
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4. Group Health clinics identified for the LIRE project. Please verify that the
clinic meets the inclusions criteria listed in Table 1.

Table 2. Site eligibility evaluation.

Meets Meets
Inclusion Inclusion
Criteria Criteria Reasons
# | Group Health Clinic Name #PCPs 1-5 6.1 or 6.2 for Failure

1 | Bellevue Medical Center 12 [] [] []
2 | Burien Medical Center 15 L] L1 [
3 | Capitol Hill Campus 32 [] 1 [
4 | Downtown Seattle Medical Center 7 [] (1 [
5 | Everett Medical Center 20 [] [] []
6 | Factoria Medical Center 12 [] [] []
7 | Federal Way Medical Center 14 [] 1 []
8 | Kent Medical Center 7 [] (1 [
Spokane-Lidgerwood Medical L] L1 [

9 | Center 13
10 | Northgate Medical Center 31 L] L] L]
11 | Northshore Medical Center 8 [] [] []
12 | Olympia Medical Center 41 [] [] L]
13 | Port Orchard Medical Center 18 [] [] []
14 | Poulsbo Medical Center 8 [] [] []
15 | Puyallup Medical Center 11 [] 1 []
16 | Rainier Medical Center 8 [] [] []
17 | Redmond Medical Center 10 [] [] []
18 | Renton Medical Center 13 [] [] []
Spokane-Riverfront Medical L] L] L]

19 | Center 17
20 | Silverdale Medical Center 16 [] L1 [
21 | Spokane-South Hill Medical Center 5 [] [] []
22 | Tacoma Medical Center 10 [] [] []
23 | Tacoma South Medical Center 15 [] (1 [
24 | Spokane-Veradale Medical Center 8 [] [] []
25 | Lynnwood Medical Center 15 [] [] []

Additional comments from pilot test implementation

<comments here>
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