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Effectiveness of Clinical Decision
Support in Controlling
Inappropriate Imaging

C. Craig Blackmore, MD, MPH, Robert S. Mecklenburg, MD,
Gary S. Kaplan, MD

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; P � .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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NTRODUCTION

ealth care expenses in the United States continue to
piral upward, now representing more than 17% of the
ross domestic product [1]. Imaging is one of the most
mportant contributors to health care costs, encompass-
ng more than 14% of Medicare Part B expenditures
2-4]. Although identified as the most significant ad-
ance in medicine in the past several decades [5], imaging
as become a target for cost containment. A major driver
or increasing imaging cost is the inappropriate utiliza-
ion of advanced imaging, including CT and MRI [4,6-
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]. Accordingly, health care providers are under increas-
ng pressure to limit imaging to evidence-based
pplications.

Payers have initiated several approaches to control im-
ging utilization, including external authorization meth-
ds and clinical decision support systems [9]. Clinical
ecision support systems are point-of-order decision
ids, usually through computer order entry systems, that
rovide real-time feedback to providers ordering imaging
ests, including information on test appropriateness for
pecific indications. Such systems may be purely educa-
ional, or they may be restrictive in not allowing imaging
est ordering to proceed when accepted indications are
bsent. Although data on the efficacy of imaging clinical
ecision support systems are limited [10], adoption is

ncreasing and has spread to include state-level initiatives
n Washington [11] and Minnesota [12]. Imaging clini-

al decision support systems can range from simple aids
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or small numbers of studies and indications to broad
ystems encompassing the thousands of possible pairs of
ndications and imaging procedures. To date, there are
o published studies demonstrating decreased imaging
tilization after implementation of imaging clinical deci-
ion support, though a decrease in the rate of growth of
tilization of imaging has been reported. We hypothe-
ized that imaging clinical decision support could de-
rease imaging utilization when targeted to select imag-
ng studies and indications that included high volumes
nd high cost [13,14].

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

ETHODS

he overall study design was a retrospective cohort eval-
ation of the effect of the staged implementation of a
linical decision support system on imaging utilization,
ith historical and concurrent controls. The study was
ranted a waiver from the institutional review board.

etting

he study setting was Virginia Mason Medical Cen-
er, an integrated multidisciplinary health care net-
ork in the Pacific Northwest with approximately 450
hysicians, 800,000 outpatient visits, 17,000 hospital
isits, and 260,000 radiology examinations annually.
he institution includes a central urban campus as
ell as multiple suburban satellite imaging and outpa-

ient care centers.

ntervention

umbar MRI, head MRI, and sinus CT were identified
s frequently performed, high-cost procedures with high
ariability in utilization [2,14,15] and with at least some
edical evidence to guide appropriate utilization [16].
ccordingly, these procedures were targeted for the ini-

ial implementation of the decision support system,
ather than a more global approach. The intervention
as based on a set of locally derived evidence-based de-

ision rules for when imaging is appropriate. These deci-
ion rules were developed by Virginia Mason providers
rom the involved specialties after review of national and
nternational evidence-based guidelines and primary lit-
rature and were vetted extensively in the institution
efore implementation. The system was not designed to
e comprehensive but rather to focus on areas where
here was potential for improvement, which we defined
s high variability, high utilization, and medical evidence

o enable guideline development. b
The actual imaging intervention was built around sev-
ral assumptions: (1) that physician education alone is
nsufficient to change practice, (2) that patient and pro-
ider expectations mandate that an alternative be offered
f imaging is denied, and (3) that the intervention should
ccur at the point of care, to avoid disrupting care.

The imaging intervention was a mandatory series of
uestions at the point of care in the imaging order system
hat confirmed adherence to the institutional evidence-
ased imaging indications (Figure 1). Providers ordering
tudies were required to check appropriate boxes corre-
ponding to approved imaging indications. Failure to
ocument compliance with approved indications would
revent the online order from being activated. The inter-
ention was systemwide but was limited to outpatient
maging (excluding the emergency department). The im-
ging clinical decision support intervention was accom-
anied by an institutional educational effort including
-mails, small conferences, and personal communica-
ion. Additional periodic audits were performed with
ommunication with any providers who ordered imaging
ut had not documented appropriate indications in the
edical record. The evidence-based imaging protocols

or MRI for low back pain and head MRI for headache
ere implemented in 2005. The protocol for sinus CT

or suspected sinus disease was implemented in 2007.
Because of patient and provider expectations, alterna-

ives to imaging that might be beneficial to patients were
lso offered, with information provided in the order en-
ry system. For lumbar back pain, physical therapy was
ffered, with availability of same-day or next-day con-
ultation with a (nonoperative) spine specialist. For
eadache and sinus disease, prompt neurologist or
llergist consultation was available. The subspecialist
onsultants were authorized to override the clinical
ecision support system when they considered imag-

ng clinically indicated.

ata Sources

o determine the effectiveness of the intervention in
ecreasing inappropriate imaging utilization, we used
nternational Classification of Disease, 9th ed., Clinical

odification (ICD-9-CM) and Common Procedural
erminology® (CPT®) codes to interrogate the data

ecords of a large regional health insurance carrier to
etermine the rates of relevant imaging for patients with
pecified diagnoses cared for in our system. Data were
vailable for January 1, 2003, through December 31,
009. For each of the clinical conditions (low back pain,
eadache, and sinusitis), we identified corresponding sets
f ICD-9-CM codes. For the patients with the clinical
cenarios defined by the codes, we used CPT codes to
etermine the utilization of relevant imaging. For the low

ack pain, the included ICD-9-CM codes were 344.6,
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20, 721.3, 721.42, 721.5 to 721.9, 722.10, 722.32,
22.52, 722.73, 722.83, 722.93, 724.02, 724.2 to
24.9, 846, and 847.2 to 847.4. For lumbar MR, the
ncluded CPT codes were 72148, 72149, and 72158,
ncompassing all lumbar MR examinations. For head-
che, the included ICD-9-CM codes were 307.81, 339,
46, and 784.0. The associated CT and MR codes were
0450, 70460, 70470, 70541, 70551, 70552, and
0553, encompassing all head MR and CT examina-
ions. The sinusitis ICD-9-CM codes were 461, 473, and
78.1. The sinus CT CPT code was 70486, which in-
luded all CT sinus studies.

Total volumes of imaging were also determined from
he radiology information system (IDX Imagecast 10;
E Healthcare, Fairfield, Connecticut) on the basis of

he CPT codes detailed above. These volumes are irre-
pective of payer.

ata Analysis

rimary analysis was a comparison of the rate of imaging
n the years preceding the intervention with the rate of
maging in the years after the intervention, for the single
ommercial payer. For imaging rate, the numerator was

ig 1. Sample imaging
linical decision support
ool for low back pain and
umbar MRI.
he number of patients imaged, and the denominator was i
he total number of patients with a given clinical condi-
ion. Imaging rate rather than absolute number of studies
as used in the primary analysis to control for temporal
ariation in the number of patients evaluated with a given
linical condition. We assessed for significant change in
maging rate after the intervention, adjusted for temporal
rends, using the likelihood ratio test to compare linear
egression models of rate as a function of year vs rate as a
unction of year and intervention. Estimates of the abso-
ute magnitude in decrease in imaging rate after the in-
ervention were made by comparing the imaging rate in
he year before the intervention with the average imaging
ate in the years after the intervention, using �2 analysis.
or the magnitude analysis, the actual year of interven-
ion was excluded. Similar analysis was also performed
or head CT as an internal control and also to ensure that
here was no substitution of head CT for head MRI after
he intervention. Because there was no intervention for
ead CT, for the analysis, the intervention year for head
T was considered to be 2005, the year of the head MR

ntervention.
Secondary analysis included the determination of

hanges in trends and overall volumes of the specific

maging studies associated with the intervention,
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hroughout the network (for all purchasers and for all
iagnoses). Overall volumes were not adjusted for clini-
al condition but provide an estimate of overall effect of
he intervention on health care utilization and cost. We
ssessed for significant change in overall volume of imag-
ng studies after the intervention, adjusted for temporal
rends, using the likelihood ratio test to compare linear
egression models of volume as a function of year vs
olume as a function of year and intervention. Finally, we
ssessed for temporal change in imaging rate and imaging
olume before and after the intervention using linear
egression.

Results are expressed as the risk ratio (RR) for imaging,
ith a value of �1.0 indicating decreased imaging after

he intervention. In addition, results are reported as a
ercentage change (reduction) in imaging. Statistical
nalysis was performed using Stata version 10 (StataCorp
P, College Station, Texas).

ESULTS

e found clinically and statistically significant de-
reases in utilization rates for the targeted procedures
fter the intervention. Table 1 details the raw counts
f imaging procedures, as well as the counts of patients
ith the corresponding diagnoses and the rate of im-

ging among affected individuals before and after the
ntervention. The rates of imaging after the interven-
ion 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;

Table 1. Imaging volume, patient volumes, and ima
Study 2003 2004 2

Lumbar MRI for low
back pain

261 292

Head MRI for
headache

149 165

Sinus CT for sinusitis 285 321
Head CT for

headache
100 100

Headache patients 1,062 1,111 1,
Sinusitis patients 2,164 2,123 3,
Low back pain

patients
2,303 2,302 3,

Lumbar MRI rate� 0.113 0.127 0.
Brain MRI rate� 0.140 0.148 0.
Sinus CT rate� 0.132 0.151 0.
Head CT rate� 0.094 0.090 0.

Note: Data on patients from a single regional commercial payer
intervention in the head CT control group).
�Rate is defined as the number of patients with a given proced
condition.
5% CI, 0.91-0.64; P � .001), and 26.8% lower for M
inusitis sinus CT (RR, 0.73; 95% CI, 0.82-0.65; P �
001). The peak rate occurred in the year before the
ntervention for all 3 imaging procedures (Figure 2). The
ecrease in imaging rate was significant in the multiple
egression analysis after adjustment for temporal trend
or lumbar MRI (P � .001), head MRI (P � .05), and
inus CT (P � .003), with a nonsignificant result for the
ead CT control group (P � .88).
After the intervention-associated decline, the rate of
RI of the lumbar spine increased at approximately 3%

er year (RR, 1.003; 95% CI, 1.002-1.004; P � .007),
hile there was no evidence of an increase in rate for head

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

g rate
5 2006 2007 2008 2009
2 290 296 329 355

4 171 186 186 191

2 497 448 355 305
3 130 142 147 143

4 1,559 1,535 1,699 1,682
2 2,838 2,812 2,623 2,525
3 3,114 3,117 3,342 3,497

9 0.093 0.095 0.098 0.102
3 0.110 0.121 0.110 0.114
9 0.175 0.159 0.135 0.121
5 0.083 0.093 0.087 0.085

mbers in boldface italics represent the year of intervention (no

divided by the total number of patients with a specific clinical
gin
00
40

22

52
14

68
50
37

11
13
14
08

. Nu

ure
RI (RR, 1.000; 95% CI, 0.99-1.01, P � .99). Postint-



e
l
(
t

s
9
i
f
t
0

i
o
C
v
t
t
t
2
t
b
s
9
s
v
c
C
o
i

D

C
f
c
b
c
i
f
t
d
i
r
c

d
i
b
i
t
d
t
p

e
g
h
w
i
d
p
v
s

s
a
t
s
c
a
fi
w
p
o
c
i
t
s
t
i
o
e
a
o
c
m

w
w
p
n
c
p
A
w
c
i
w
c
f

m
t
m
a
d
w

Blackmore, Mecklenburg, Kaplan/Clinical Decision Support 23
rvention trend analysis for head MRI, head CT, and
umbar MRI was limited by the small sample size
4 years). Sinus CT could not be explored for trend after
he intervention.

For the head CT control group, we identified no
ignificant change in the rate of imaging (RR, 0.97;
5% CI, 1.21-0.78, P � .37) after the head MRI
ntervention (no head CT intervention was per-
ormed). There was also no trend in head CT rate in
he years after the intervention (RR, 1.0; 95% CI,
.99-1.01, P �.96).
Secondary analysis revealed that the decision support

ntervention was also associated with decreases in the
verall volumes of lumbar MRI, head MRI, and sinus
T studies, regardless of diagnosis. For head MRI, the

olumes after the intervention were significantly lower in
he regression model (P � .0001) after adjustment for
emporal volume trends and continued to decrease after
he intervention by 162 studies per year (95% CI, 88-
36; P � .01). For lumbar MRI, adjusted volumes after
he intervention were significantly lower (P � .005) than
efore the intervention, with no significant change in
ubsequent years (estimated subsequent decrease, 34;
5% CI, decrease 279 to increase 210, P � .60). For
inus CT, there was a significant decrease in adjusted
olumes after the intervention (P � .010), with insuffi-
ient data to assess for a further decrease. For the head
T control group, there was no significant change in
verall volume associated with the time of the head MRI
ntervention (P � .52).

ISCUSSION

linical decision support is potentially an ideal method
or improving the evidence-based use of imaging. Clini-
al decision support tools have the desired properties of
eing educational, transparent, efficient, practical, and
onsistent [4]. However, data on the effectiveness of clin-
cal decision support is limited. Prior investigation has
ocused on the use of a global system encompassing vir-
ually all CT and MRI studies and indications and has
emonstrated only a relative attenuation in the rate of

ncrease in imaging utilization. However, in the prior
eport, actual imaging utilization of both CT and MRI
ontinued to grow [10].

In this report, we detail a significant and sustained
ecrease in the utilization of targeted advanced imag-

ng studies through the use of clinical decision support
ased on a simple set of locally derived evidence-based
maging guidelines. Our approach has several impor-
ant innovations from other reports of imaging clinical
ecision support systems [9,10] that may have con-
ributed to success. We targeted areas of high and

otentially inappropriate utilization, concentrating e
ffort where there is potential for benefit rather than
lobally applying computer decision support to all
igher imaging, as others have advocated [9,10]. Also,
e incorporated denial of imaging for inappropriate

ndications, preventing orders that did not meet evi-
ence-based indications from proceeding in the com-
uter order entry system. Finally, we offered the pro-
ision of alternate resources, in the form of prompt
pecialist consultation or therapy, where indicated.

The study setting likely had a substantial effect on the
uccess of the program. The intervention was performed
t Virginia Mason Medical Center, a multispecialty in-
egrated health care network, with all providers being
alaried employees of the institution. Thus, financial in-
entives and risks were shared by the entire institution
nd providers. Although the providers received no direct
nancial incentive or avoidance of precertification, there
as pressure on the institution from local commercial
ayers to take an active role in limiting the overutilization
f imaging. The clinical decision support intervention,
oupled with rapid access to appropriate clinical care,
ncreased the quality and efficiency of providing care at
he institution, potentially providing overall benefit de-
pite decrease in radiology volumes. This overall institu-
ional benefit allowed radiology to participate in practice
mprovements that may have resulted in decreased radi-
logy reimbursement. However, it is also clear that to the
xtent that financial incentives in the health care system
re based on volumes and reward inefficiency through
verutilization, the overall institution could be at a finan-
ial disadvantage as a result of providing better quality,
ore evidence based care.
A second advantage to being a multispecialty net-

ork is that most referrals for imaging were from
ithin the system, enhancing the ability to influence
hysician ordering behavior. The elimination of un-
ecessary imaging was defined by the institution as a
omponent of quality, motivating providers to sup-
ort the mandatory clinical decision support program.
lso, the concept of evidence-based medicine had
ide penetration throughout our institution, with a

oncordant high acceptance of evidence-based imag-
ng protocols. In addition, the institutional culture,
ith a pervasive focus on efficiency and Lean health

are management methodology [17], provided a
ramework to enable relatively rapid change.

There have been important challenges in the imple-
entation of the imaging clinical decision support sys-

em. Although built using evidence-based medicine
ethodology, our protocols were often limited by the

vailability of quality data and nationally accepted evi-
ence-based guidelines. Accordingly, global evidence
as applied locally through the work of institutional
vidence-based medicine teams, relying on local provider
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xpertise only where evidence was lacking [18]. How-
ver, because our protocol development process was lo-
al, critical buy-in from stakeholders was achieved in the
evelopment stage, enhancing implementation through-
ut the network.

We acknowledge the limitations of this analysis.
he study was performed retrospectively with data

rom only 7 years because earlier data are not available
ithin our data systems. Temporal events indepen-
ent of our intervention may affect the rates of imag-

ng, and although we did adjust for year in the regres-
ion analyses, residual confounding may exist. The use
f head CT as an internal control provided some reas-
urance that there was not a generalized trend toward
decrease in imaging utilization over the study time

rame, as we observed no significant change in head
T rate and volume during the study period. In addi-

ion, the fact that the CT sinusitis intervention oc-
urred 2 years after the lumbar and brain MR inter-
entions, but with similar results, lends strength to the
rgument that the decrease in imaging is a function of
he intervention. Finally, national trends in the time
rame of this study have reported continued substantial
ncreases in imaging volumes, in sharp contrast to our
ecreases [19,20]. We also acknowledge that other fac-
ors in addition to the clinical decision support likely
ontributed to the success of our program, including the
awthorne effect, peer pressure, and the fact that the

esults of our periodic audits would potentially be avail-
ble to the referring physician’s employer.

Also, the analysis was based on administrative data
ithout patient identifiers. Therefore, we were not able

o directly evaluate the appropriateness of imaging for
ach subject. It is possible that inappropriate utilization
ontinues. We also lack the ability to confirm that the
ecrease in utilization is appropriate. However, given
hat the computer order entry intervention is based on the
est available evidence, we have confidence that appropri-
teness of imaging has been improved. It is also possible that
atients in whom imaging was not performed at our insti-
ution sought care elsewhere. This would provide an argu-
ent for more global adoption of evidence-based imaging

rotocols but not lessen the significance of our results in
mproving care at our institution.

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

etrics, imaging rate and total imaging volume represent
ctual utilization outcomes that cannot be “gamed” by al-
ering indications or other techniques.

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

In conclusion, we demonstrate that the implementa-
ion of imaging clinical decision support for selected
igh-utilization imaging procedures can have a substan-
ial effect on imaging rate and volume in an integrated
ultidisciplinary health care network. The use of such

ystems can aid the elimination of unnecessary imaging,
ncreasing both patient safety and quality and decreasing
ealth care costs.
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