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Introduction 
 
Nuclear myocardial perfusion imaging (MPI) studies are commonly performed to assess for cardiac 
ischemia. Based on Appropriate Use Criteria (AUC), a substantial proportion of MPI are rarely 
appropriate; at our facility, we previously observed that 10-13% of MPI are rarely appropriate. When we 
reviewed the appropriateness of testing broken down by provider specialty, each specialty ordered a 
similar number of rarely appropriate tests, but the most common rarely appropriate tests were different 
for each group. For example, primary care tended to order MPI for low risk patients while cardiologists 
ordered MPI for asymptomatic patients with recent PCI or CABG.  
 

Solution 
 
We wanted to evaluate if a specialty-specific educational solution could encourage the use of the right 
test for the right patient at the right time. Aware that prior literature suggests that education has little 
or no effect on test ordering, we sought to 
develop a unique approach that might make the 
education more effective. We built our solution on 
three principles. 
 

1. Specialty-specific training: We tailored our 
education to three groups that order the 
most MPI at our facility: Primary Care, 
Hospital Medicine, and Cardiology. Each 
lecture provided recommendations 
specific to each specialty. Given that 
primary care doctors rarely address 
indications such as evaluation of 
ventricular tachycardia, we omitted that 
content. This allowed us to spend more 
time discussing optimal cardiovascular 
testing for low risk patients. Similarly, 
when we addressed the hospital medicine 
section, we did not discuss indications 
related to screening evaluations for 
asymptomatic outpatients. Our lecture to 
cardiology focused on the more advanced 
MPI indications such as arrhythmias and 
post-PCI patients.  

2. Multimodality approach: Our education 
took two primary forms, lectures and 
posters. The lectures were slide-based 
presentations with ample opportunity 
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provided for learners to ask questions. To supplement the lectures, we printed posters for each 
clinic in our referral area. The clinics have 11x17 display cases in patient care areas to post 
relevant clinical updates. We printed posters which fit into these cases and provided duplicates 
for every clinic in our referral area. (Figure 1) 

3. Team-based care: The tone of the lectures was that we were working as a team to provide the 
best care for our mutual patients. A key message in the lectures and printed material was how 
best manage patients, not just admonishments to avoid unnecessary testing. For example, for 
patients with stable angina, we provided a reminder of appropriate doses of antianginal drugs. 
For asymptomatic patients with cardiac risks, we reviewed risk calculators. For heart disease 
patients, we reviewed medications such as aspirin and statins. We provided reference material 
on how to assess the likelihood of coronary disease, surgical risk factors, and how to estimate 
exercise capacity through metabolic equivalents. 

 

Outcome measures 
 
We assessed two primary 
outcome measures: 
willingness to change 
and the rate of rarely 
appropriate MPI. 
Willingness to change 
was addressed with a 
simple survey conducted 
at the end of each 
didactic. We asked all 
attendees to sign in and 
provide email contact 
information. In the week 
after the lecture, we sent 
each person a link via 
email to a 3 question 
survey. All respondents 
felt that the material was 
useful and 
understandable. Almost 
80% of respondents indicated that they intended to change their MPI ordering habits based on the 
content. (Figure 2). 
 
To assess the rate of rarely appropriate testing, we had a nurse evaluate the appropriateness of every 
MPI performed at our facility and categorize them based on the AUC. The 2013 AUC were used except 
for indications which did not fall under stable ischemic heart disease (i.e. acute chest pain syndromes). 
This was done in 3 blocks each of 2 months duration. The first block was done for MPI prior to the 
intervention, the second occurred immediately afterwards, the third occurred 4 months after to assess 
the durability of our results.  
 
A total of 759 MPI were rated: 285 before, 311 after, and 163 late after. 69.7% were rated based on the 
2013 AUC. Patients had a substantial burden of cardiovascular risk: 86.3% had hypertension, 43.2% had 
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diabetes, and 32.9% had prior coronary revascularization. Because this was conducted within a Veterans 
Affairs health care facility, 95.3% of patients were male. We did not observe significant differences 
between the groups, except for their symptoms at presentation. (Table 1) 
 

Table 1: Baseline characteristics for n=759 MPI patients 

 
Before After Later After 

 

 
n=285 n=311 n=163 P 

Age 66 59-70 67 61-71 67 62-71 0.1 

Female 17 6.0% 14 4.5% 5 3.1% 0.37 

Prior MI 47 16.5% 42 13.5% 25 15.3% 0.97 

Prior Revascularization 100 35.1% 99 31.8% 51 31.3% 0.62 

HTN 244 85.6% 265 85.2% 146 89.6% 0.39 

DM 122 42.8% 135 43.4% 71 43.6% 0.98 

Current Tobacco User 127 44.6% 144 46.3% 63 38.7% 0.29 

Chest Pain 168 59.2% 187 60.1% 97 59.5% 0.97 

Dyspnea or fatigue 142 49.8% 151 48.6% 50 30.9% <0.0001 

Other 72 25.4% 103 33.3% 77 47.2% <0.0001 

No Symptoms 44 15.5% 35 11.3% 27 16.6% 0.19 

 
The rate of rarely appropriate testing decreased from 4.9% before to 1.3% and 0.6% after and late after 
(p<0.0001). We applied logistic regression to determine if these changes would be retained after 
controlling for baseline characteristics and symptoms. Likelihood of rarely appropriate MPI was lower in 
the after (odds ratio [OR] 0.28, 95% confidence interval [CI] 0.09-0.91, P=0.035) and late after cohorts 
(OR 0.10, 95% CI 0.01-0.76, P=0.026). As has been observed in other cohorts, the absence of symptoms 
was associated with rarely appropriate testing (OR=26.5, 95% CI 8.6-81.6, P<0.0001). (Figure 3) 

 

What was the most 
interesting or surprising thing 
you learned in the process? 
 
We were surprised at the low rates of 
rarely appropriate imaging in the 
before cohort. In a prior analysis from 
our facility, we observed that 10-13% 
of MPI were inappropriate. This sample 
was from 2010-2011, so clearly practice 
habits could have changed since then, 
but we cannot be sure what changes 
occurred that led to the lower baseline 
rate of rarely appropriate MPI. We 
were also surprised at the effect of our 
intervention. In prior studies of 
education to reduce rarely appropriate 

MPI, most were either negative or had a modest effect. We observed a >75% reduction in rarely 
appropriate testing which did not regress, but actually increased with later evaluation.  
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What were the major roadblocks or difficulties you faced during the process? 
 
Most of this project was straightforward and easy to accomplish. To arrange the lectures, we inserted 
ourselves into the existing schedules that each group had for continuing education of their providers. 
The posters were printed locally at our medical media office, free of charge. We had onsite expertise in 
cardiology and imaging which helped the process go smoothly. We have a strong and collaborative 
interdisciplinary relationship at our facility where cardiology, radiology, and nuclear medicine share the 
responsibility for MPI and we interpret them in a joint conference with residents and fellows from each 
specialty participating. This team approach helped us to easily achieve reductions in rarely appropriate 
MPI. At other facilities, absence of these reinforcing features could become roadblocks. 
 
The primary difficulty we faced during this process was finding time and availability for our nurse to rate 
the appropriateness of tests. Each case would typically take between 5-15 minutes to review the chart 
and make a determination about appropriateness. This time did decrease as our nurse became more 
familiar with the AUC and the common reasons that MPI were ordered. Ultimately, it required about 0.2 
full-time employment equivalent for her to complete the work of rating appropriateness.  
 

How could this process or product change the field of nuclear cardiology? 
 
Our educational initiative may be a model for others to duplicate, especially in light of the Centers for 
Medicare Services mandate to apply decision support before ordering advanced imaging tests. Even well 
designed computer systems typically require some hands-on instructions from human users and we 
believe that our approach could inform how to best help ordering providers to learn AUC in the context 
of new systems of ordering MPI.  
 

How this idea could be implemented elsewhere, does it have scalability? 
 
Duplicating the content of our lectures and reproducing the posters would be easy to achieve at other 
facilities. Without physicians ready to champion the effort and push for change, however, the results 
may not be reproducible. Another hurdle could be capturing the attention of referring providers. At our 
facility, all of the primary care physicians, have monthly in-service meetings which include an 
educational component. We also enjoy a collegial atmosphere where people are interested in learning. 
These characteristics may not be present at other facilities and could diminish the effect or durability of 
results. As noted previously, our most significant barrier was having someone available to document 
appropriateness; this would likely limit scalability.  
 
Some of these issues may be overcome, however, with computer based decision support tools. If used 
correctly, software could automate the collection of appropriateness ratings and eliminate the need for 
manual assessment of appropriateness. This offers the additional advantage of being completed by the 
ordering provider who is more directly familiar with the patient being evaluated and could rate 
appropriateness much more quickly (other studies suggest an average of < 1 minute per patient). 
 

Conclusion 
 
We found that specialty specific, multimodality education, with a team-based approach may 
substantially reduce rarely appropriate MPI and persist for months after the intervention. 


