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Background: Decision support systems for advanced imaging are being implemented with increased fre-
quency and are mandated under some new governmental health care initiatives. However, evidence of effec-
tiveness in reducing inappropriate imaging utilization is limited.

Methods: A retrospective cohort study was performed of the staged implementation of evidence-based
clinical decision support built into ordering systems for selected high-volume imaging procedures: lumbar
MRI, brain MRI, and sinus CT. Brain CT was included as a control. Imaging utilization rates (number of
patients imaged as a proportion of patients with selected clinical conditions) and overall imaging utilization
before and after the interventions were determined from billing data from a regional health plan and from the
institutional radiology information system.

Results: The use of imaging clinical decision support was associated with substantial decreases in the
utilization rate of lumbar MRI for low back pain (risk ratio, 0.77; 95% confidence interval, 0.87-0.67; P =
.0001), head MRI for headache (risk ratio, 0.76; 95% confidence interval, 0.91-0.64; P = .001), and sinus CT
for sinusitis (risk ratio, 0.73; 95% confidence interval, 0.82-0.65; 2 < .0001). Utilization rates for the head CT
control group were not significantly changed. There was a corresponding significant decrease in overall imaging
volumes (all diagnoses) for lumbar MRI, head MRI, and sinus CT, with no observed effect for the head CT
control group.

Conclusion: Targeted use of imaging clinical decision support is associated with large decreases in the
inappropriate utilization of advanced imaging tests.
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INTRODUCTION

Health care expenses in the United States continue to
spiral upward, now representing more than 17% of the
gross domestic product [1]. Imaging is one of the most
important contributors to health care costs, encompass-
ing more than 14% of Medicare Part B expenditures
[2-4]. Although identified as the most significant ad-
vance in medicine in the past several decades [5], imaging

8]. Accordingly, health care providers are under increas-
ing pressure to limit imaging to evidence-based
applications.

Payers have initiated several approaches to control im-
aging utilization, including external authorization meth-
ods and clinical decision support systems [9]. Clinical
decision support systems are point-of-order decision
aids, usually through computer order entry systems, that

has become a target for cost containment. A major driver
for increasing imaging cost is the inappropriate utiliza-
tion of advanced imaging, including CT and MRI [4,6-
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provide real-time feedback to providers ordering imaging
tests, including information on test appropriateness for
specific indications. Such systems may be purely educa-
tional, or they may be restrictive in not allowing imaging
test ordering to proceed when accepted indications are
absent. Although data on the efficacy of imaging clinical
decision support systems are limited [10], adoption is
increasing and has spread to include state-level initiatives
in Washington [11] and Minnesota [12]. Imaging clini-
cal decision support systems can range from simple aids
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for small numbers of studies and indications to broad
systems encompassing the thousands of possible pairs of
indications and imaging procedures. To date, there are
no published studies demonstrating decreased imaging
utilization after implementation of imaging clinical deci-
sion support, though a decrease in the rate of growth of
utilization of imaging has been reported. We hypothe-
sized that imaging clinical decision support could de-
crease imaging utilization when targeted to select imag-
ing studies and indications that included high volumes
and high cost [13,14].

The objective of this investigation was to identify
changes in imaging utilization associated with the initia-
tion of an imaging management program based on clin-
ical decision support for selected CT and MRI studies at
a single integrated health care delivery system.

METHODS

The overall study design was a retrospective cohort eval-
uation of the effect of the staged implementation of a
clinical decision support system on imaging utilization,
with historical and concurrent controls. The study was
granted a waiver from the institutional review board.

Setting

The study setting was Virginia Mason Medical Cen-
ter, an integrated multidisciplinary health care net-
work in the Pacific Northwest with approximately 450
physicians, 800,000 outpatient visits, 17,000 hospital
visits, and 260,000 radiology examinations annually.
The institution includes a central urban campus as
well as multiple suburban satellite imaging and outpa-
tient care centers.

Intervention

Lumbar MRI, head MRI, and sinus CT were identified
as frequently performed, high-cost procedures with high
variability in utilization [2,14,15] and with at least some
medical evidence to guide appropriate utilization [16].
Accordingly, these procedures were targeted for the ini-
tial implementation of the decision support system,
rather than a more global approach. The intervention
was based on a set of locally derived evidence-based de-
cision rules for when imaging is appropriate. These deci-
sion rules were developed by Virginia Mason providers
from the involved specialties after review of national and
international evidence-based guidelines and primary lit-
erature and were vetted extensively in the institution
before implementation. The system was not designed to
be comprehensive but rather to focus on areas where
there was potential for improvement, which we defined
as high variability, high utilization, and medical evidence
to enable guideline development.

The actual imaging intervention was built around sev-
eral assumptions: (1) that physician education alone is
insufficient to change practice, (2) that patient and pro-
vider expectations mandate that an alternative be offered
if imaging is denied, and (3) that the intervention should
occur at the point of care, to avoid disrupting care.

The imaging intervention was a mandatory series of
questions at the point of care in the imaging order system
that confirmed adherence to the institutional evidence-
based imaging indications (Figure 1). Providers ordering
studies were required to check appropriate boxes corre-
sponding to approved imaging indications. Failure to
document compliance with approved indications would
prevent the online order from being activated. The inter-
vention was systemwide but was limited to outpatient
imaging (excluding the emergency department). The im-
aging clinical decision support intervention was accom-
panied by an institutional educational effort including
e-mails, small conferences, and personal communica-
tion. Additional periodic audits were performed with
communication with any providers who ordered imaging
but had not documented appropriate indications in the
medical record. The evidence-based imaging protocols
for MRI for low back pain and head MRI for headache
were implemented in 2005. The protocol for sinus CT
for suspected sinus disease was implemented in 2007.

Because of patient and provider expectations, alterna-
tives to imaging that might be beneficial to patients were
also offered, with information provided in the order en-
try system. For lumbar back pain, physical therapy was
offered, with availability of same-day or next-day con-
sultation with a (nonoperative) spine specialist. For
headache and sinus disease, prompt neurologist or
allergist consultation was available. The subspecialist
consultants were authorized to override the clinical
decision support system when they considered imag-
ing clinically indicated.

Data Sources

To determine the effectiveness of the intervention in
decreasing inappropriate imaging utilization, we used
International Classification of Disease, 9th ed., Clinical
Modification (ICD-9-CM) and Common Procedural
Terminology® (CPT®) codes to interrogate the data
records of a large regional health insurance carrier to
determine the rates of relevant imaging for patients with
specified diagnoses cared for in our system. Data were
available for January 1, 2003, through December 31,
2009. For each of the clinical conditions (low back pain,
headache, and sinusitis), we identified corresponding sets
of ICD-9-CM codes. For the patients with the clinical
scenarios defined by the codes, we used CPT codes to
determine the utilization of relevant imaging. For the low

back pain, the included ICD-9-CM codes were 344.6,



Fig 1. Sample imaging —MRI Back Exam
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clinical decision support
tool for low back pain and
lumbar MRI.

Exam Requested*

contrast
Current Weight*

™ mr cspine

™ mr cspine w/ w/o

@ Ibs C kg Max Table Weight 200 kg/441 Ibs

™ mr tspine I~ mr Ispine

I~ mr tspine w/ w/o
contrast

I~ mrlspine w/ w/o
contrast

ICD9 Code(s) [

Indications (select [~
all that apply):* O

aoa a

Motor deficit (781.99)
Unremitting pain despite 6 weeks of appropriate therapy

Document in relevant history field and apply appropriate ICD 9 code
Strong suspicion of systemic disease
Document in relevant history field and apply appropriate ICD 9 code
Neurogenic Claudication(435.9)
Cauda Equina(344.60)
Upper motor neuron findings: use myelopathy codes
[T Unspecified Region (722.70)
[T Cervical (722.71)
7 Thoracic (722.72)
™ Lumbar (722.73)
™ gignificant trauma or fall
Document in relevant history field and apply appropriate ICD 9 code
[” Consult has been performed by physical medicine.
NOTE: A spine MRI will likely not be helpful for the patient with back or neck pain if none of these
indications are present. The Spine Clinic physician on caif will provide help by phone and offer a
same day visit to assist in care of the patient. Text page (spine clinic page nurmmber) on V-Net and
enter the following message: " Dr. --- wishes to speak with you about a patient with neck/back pain
in whom an MRI i1s not indicated. Piease call (pager numnber of ordering provider).

720, 721.3, 721.42, 721.5 to 721.9, 722.10, 722.32,
722.52, 722.73, 722.83, 722.93, 724.02, 724.2 to
724.9, 846, and 847.2 to 847.4. For lumbar MR, the
included CPT codes were 72148, 72149, and 72158,
encompassing all lumbar MR examinations. For head-
ache, the included ICD-9-CM codes were 307.81, 339,
346, and 784.0. The associated CT and MR codes were
70450, 70460, 70470, 70541, 70551, 70552, and
70553, encompassing all head MR and CT examina-
tions. The sinusitis ICD-9-CM codes were 461, 473, and
478.1. The sinus CT CPT code was 70486, which in-
cluded all CT sinus studies.

Total volumes of imaging were also determined from
the radiology information system (IDX Imagecast 10;
GE Healthcare, Fairfield, Connecticut) on the basis of
the CPT codes detailed above. These volumes are irre-
spective of payer.

Data Analysis

Primary analysis was a comparison of the rate of imaging
in the years preceding the intervention with the rate of
imaging in the years after the intervention, for the single
commercial payer. For imaging rate, the numerator was
the number of patients imaged, and the denominator was

Additional =
Information (Rule
Out, History,
Symptoms) =
Is this patient C No
l‘:]“::::'l‘;‘;;?b'e © Yes, Uncomfortable, but can tolerate exam
spaces?”* © Yes, Oral medication provided and ride home confirmed
© Yes, Moderate Sedation Required
Able to lie on C Yes
ggc:‘f‘if'?;' © No, can not lie on back. Oral medication provided and ride home confirmed
© No, can not lie on back. Moderate sedation required.
Previous metal
worker?* O No O Yes

the total number of patients with a given clinical condi-
tion. Imaging rate rather than absolute number of studies
was used in the primary analysis to control for temporal
variation in the number of patients evaluated with a given
clinical condition. We assessed for significant change in
imaging rate after the intervention, adjusted for temporal
trends, using the likelihood ratio test to compare linear
regression models of rate as a function of year vs rate as a
function of year and intervention. Estimates of the abso-
lute magnitude in decrease in imaging rate after the in-
tervention were made by comparing the imaging rate in
the year before the intervention with the average imaging
rate in the years after the intervention, using f analysis.
For the magnitude analysis, the actual year of interven-
tion was excluded. Similar analysis was also performed
for head CT as an internal control and also to ensure that
there was no substitution of head CT for head MRI after
the intervention. Because there was no intervention for
head CT, for the analysis, the intervention year for head
CT was considered to be 2005, the year of the head MR
intervention.

Secondary analysis included the determination of
changes in trends and overall volumes of the specific
imaging studies associated with the intervention,
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Table 1. Imaging volume, patient volumes, and imaging rate

Study 2003 2004 2005 2006 2007 2008 2009
Lumbar MRI for low 261 292 402 290 296 329 355
back pain
Head MRI for 149 165 224 171 186 186 191
headache
Sinus CT for sinusitis 285 321 522 497 448 855 305
Head CT for 100 100 143 130 142 147 143
headache
Headache patients 1,062 1,111 1,684 1,559 1,535 1,699 1,682
Sinusitis patients 2,164 2,123 3,502 2,838 2,812 2,623 2,525
Low back pain 2,303 2,302 BRI 3,114 3,117 3,342 3,497
patients
Lumbar MRI ratex 0.113 0.127 0.119 0.093 0.095 0.098 0.102
Brain MRI rate* 0.140 0.148 0.133 0.110 0.121 0.110 0.114
Sinus CT ratex* 0.132 0.151 0.149 0.175 0.159 0.135 0.121
Head CT rate 0.094 0.090 0.085 0.083 0.093 0.087 0.085
Note: Data on patients from a single regional commercial payer. Numbers in boldface italics represent the year of intervention (no
intervention in the head CT control group).
+*Rate is defined as the number of patients with a given procedure divided by the total number of patients with a specific clinical
condition.

throughout the network (for all purchasers and for all
diagnoses). Overall volumes were not adjusted for clini-
cal condition but provide an estimate of overall effect of
the intervention on health care utilization and cost. We
assessed for significant change in overall volume of imag-
ing studies after the intervention, adjusted for temporal
trends, using the likelihood ratio test to compare linear
regression models of volume as a function of year vs
volume as a function of year and intervention. Finally, we
assessed for temporal change in imaging rate and imaging
volume before and after the intervention using linear
regression.

Results are expressed as the risk ratio (RR) for imaging,
with a value of <1.0 indicating decreased imaging after
the intervention. In addition, results are reported as a
percentage change (reduction) in imaging. Statistical
analysis was performed using Stata version 10 (StataCorp
LP, College Station, Texas).

RESULTS

We found clinically and statistically significant de-
creases in utilization rates for the targeted procedures
after the intervention. Table 1 details the raw counts
of imaging procedures, as well as the counts of patients
with the corresponding diagnoses and the rate of im-
aging among affected individuals before and after the
intervention. The rates of imaging after the interven-
tion were 23.4% lower for low back pain lumbar MRI
(RR, 0.77; 95% confidence interval [CI], 0.87-0.67; P <
.001), 23.2% lower for headache head MRI (RR, 0.76;
95% CI, 0.91-0.64; P = .001), and 26.8% lower for

J2 14 A6 18

Imaging Rate

A

——— Sinus CT
————— Lumbar MR

Head MR
--------- Head CT

Fig 2. Imaging rates vs time for patients with disease-
specific billing codes from a single regional payer. Ar-
rows indicate the year before the intervention.

sinusitis sinus CT (RR, 0.73; 95% CI, 0.82-0.65; P <
.001). The peak rate occurred in the year before the
intervention for all 3 imaging procedures (Figure 2). The
decrease in imaging rate was significant in the multiple
regression analysis after adjustment for temporal trend
for lumbar MRI (2 = .001), head MRI (P = .05), and
sinus CT (P = .003), with a nonsignificant result for the
head CT control group (P = .88).

After the intervention-associated decline, the rate of
MRI of the lumbar spine increased at approximately 3%
per year (RR, 1.003; 95% CI, 1.002-1.004; P = .007),
while there was no evidence of an increase in rate for head

MRI (RR, 1.000; 95% CI, 0.99-1.01, P = .99). Postint-



ervention trend analysis for head MRI, head CT, and
lumbar MRI was limited by the small sample size
(4 years). Sinus CT could not be explored for trend after
the intervention.

For the head CT control group, we identified no
significant change in the rate of imaging (RR, 0.97;
95% CI, 1.21-0.78, P = .37) after the head MRI
intervention (no head CT intervention was per-
formed). There was also no trend in head CT rate in
the years after the intervention (RR, 1.0; 95% CI,
0.99-1.01, P2 =.96).

Secondary analysis revealed that the decision support
intervention was also associated with decreases in the
overall volumes of lumbar MRI, head MRI, and sinus
CT studies, regardless of diagnosis. For head MRI, the
volumes after the intervention were significantly lower in
the regression model (P < .0001) after adjustment for
temporal volume trends and continued to decrease after
the intervention by 162 studies per year (95% CI, 88-
236; P = .01). For lumbar MRI, adjusted volumes after
the intervention were significantly lower (2 = .005) than
before the intervention, with no significant change in
subsequent years (estimated subsequent decrease, 34;
95% CI, decrease 279 to increase 210, P = .60). For
sinus CT, there was a significant decrease in adjusted
volumes after the intervention (P = .010), with insufh-
cient data to assess for a further decrease. For the head
CT control group, there was no significant change in
overall volume associated with the time of the head MRI
intervention (P = .52).

DISCUSSION

Clinical decision support is potentially an ideal method
for improving the evidence-based use of imaging. Clini-
cal decision support tools have the desired properties of
being educational, transparent, efficient, practical, and
consistent [4]. However, data on the effectiveness of clin-
ical decision support is limited. Prior investigation has
focused on the use of a global system encompassing vir-
tually all CT and MRI studies and indications and has
demonstrated only a relative attenuation in the rate of
increase in imaging utilization. However, in the prior
report, actual imaging utilization of both CT and MRI
continued to grow [10].

In this report, we detail a significant and sustained
decrease in the utilization of targeted advanced imag-
ing studies through the use of clinical decision support
based on a simple set of locally derived evidence-based
imaging guidelines. Our approach has several impor-
tant innovations from other reports of imaging clinical
decision support systems [9,10] that may have con-
tributed to success. We targeted areas of high and
potentially inappropriate utilization, concentrating
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effort where there is potential for benefit rather than
globally applying computer decision support to all
higher imaging, as others have advocated [9,10]. Also,
we incorporated denial of imaging for inappropriate
indications, preventing orders that did not meet evi-
dence-based indications from proceeding in the com-
puter order entry system. Finally, we offered the pro-
vision of alternate resources, in the form of prompt
specialist consultation or therapy, where indicated.

The study setting likely had a substantial effect on the
success of the program. The intervention was performed
at Virginia Mason Medical Center, a multispecialty in-
tegrated health care network, with all providers being
salaried employees of the institution. Thus, financial in-
centives and risks were shared by the entire institution
and providers. Although the providers received no direct
financial incentive or avoidance of precertification, there
was pressure on the institution from local commercial
payers to take an active role in limiting the overutilization
of imaging. The clinical decision support intervention,
coupled with rapid access to appropriate clinical care,
increased the quality and efficiency of providing care at
the institution, potentially providing overall benefit de-
spite decrease in radiology volumes. This overall institu-
tional benefit allowed radiology to participate in practice
improvements that may have resulted in decreased radi-
ology reimbursement. However, it is also clear that to the
extent that financial incentives in the health care system
are based on volumes and reward inefficiency through
overutilization, the overall institution could be at a finan-
cial disadvantage as a result of providing better quality,
more evidence based care.

A second advantage to being a multispecialty net-
work is that most referrals for imaging were from
within the system, enhancing the ability to influence
physician ordering behavior. The elimination of un-
necessary imaging was defined by the institution as a
component of quality, motivating providers to sup-
port the mandatory clinical decision support program.
Also, the concept of evidence-based medicine had
wide penetration throughout our institution, with a
concordant high acceptance of evidence-based imag-
ing protocols. In addition, the institutional culture,
with a pervasive focus on efficiency and Lean health
care management methodology [17], provided a
framework to enable relatively rapid change.

There have been important challenges in the imple-
mentation of the imaging clinical decision support sys-
tem. Although built using evidence-based medicine
methodology, our protocols were often limited by the
availability of quality data and nationally accepted evi-
dence-based guidelines. Accordingly, global evidence
was applied locally through the work of institutional
evidence-based medicine teams, relying on local provider
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expertise only where evidence was lacking [18]. How-
ever, because our protocol development process was lo-
cal, critical buy-in from stakeholders was achieved in the
development stage, enhancing implementation through-
out the network.

We acknowledge the limitations of this analysis.
The study was performed retrospectively with data
from only 7 years because earlier data are not available
within our data systems. Temporal events indepen-
dent of our intervention may affect the rates of imag-
ing, and although we did adjust for year in the regres-
sion analyses, residual confounding may exist. The use
of head CT as an internal control provided some reas-
surance that there was not a generalized trend toward
a decrease in imaging utilization over the study time
frame, as we observed no significant change in head
CT rate and volume during the study period. In addi-
tion, the fact that the CT sinusitis intervention oc-
curred 2 years after the lumbar and brain MR inter-
ventions, but with similar results, lends strength to the
argument that the decrease in imaging is a function of
the intervention. Finally, national trends in the time
frame of this study have reported continued substantial
increases in imaging volumes, in sharp contrast to our
decreases [19,20]. We also acknowledge that other fac-
tors in addition to the clinical decision support likely
contributed to the success of our program, including the
Hawthorne effect, peer pressure, and the fact that the
results of our periodic audits would potentially be avail-
able to the referring physician’s employer.

Also, the analysis was based on administrative data
without patient identifiers. Therefore, we were not able
to directly evaluate the appropriateness of imaging for
each subject. It is possible that inappropriate utilization
continues. We also lack the ability to confirm that the
decrease in utilization is appropriate. However, given
that the computer order entry intervention is based on the
best available evidence, we have confidence that appropri-
ateness of imaging has been improved. It is also possible that
patients in whom imaging was not performed at our insti-
tution sought care elsewhere. This would provide an argu-
ment for more global adoption of evidence-based imaging
protocols but not lessen the significance of our results in
improving care at our institution.

With clinical decision support or other barriers to image
ordering, there is always the potential that providers will
“game” the system, developing ways to continue to order
inappropriate studies. We did not audit individual requests
of imaging to determine the outcome when a request was
initially denied by the system. However, we report our re-
sults in terms of imaging rate and total volume of imaging
studies. Unlike appropriateness scores or other intermediate
metrics, imaging rate and total imaging volume represent

actual utilization outcomes that cannot be “gamed” by al-
tering indications or other techniques.

Our data were acquired in the real world of quality
improvement, so we lack the ability to randomize or to
perform a multicenter controlled study. Furthermore,
the limited number of institutions with a focus on Lean
process and quality may restrict the generalizability of
our results. However, we do provide evidence of the
potential value of targeted imaging clinical decision sup-
port and provide an example of a successful approach.
Finally, as of this report, we have implemented imaging
clinical decision support only for a limited number of
imaging studies and indications. However, a large pro-
portion of advanced imaging, and likely a large portion of
the potential for improvement, occurs in a relatively lim-
ited number of high-use, high-cost procedures [14,15].

In conclusion, we demonstrate that the implementa-
tion of imaging clinical decision support for selected
high-utilization imaging procedures can have a substan-
tial effect on imaging rate and volume in an integrated
multidisciplinary health care network. The use of such
systems can aid the elimination of unnecessary imaging,
increasing both patient safety and quality and decreasing
health care costs.
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