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Background. Appropriate use criteria (AUC) developed by the American College of Car-
diology Foundation and the appropriateness criteria (AC) developed by the American College of
Radiology (ACR) are two existing methods of rating appropriateness of myocardial perfusion
imaging (MPI). One study found poor agreement of ratings between the two methods. However,
using the most contemporary AUC from 2013, it is unknown if poor agreement still exists.

Methods. Retrospective cohort investigation comparing patients undergoing nuclear MPI
between June 2011 and September 2014. The appropriateness category was determined based
on the 2013 AUC (Appropriate, may be appropriate, rarely appropriate) and the 2010 ACR AC
(usually appropriate, maybe appropriate, usually not appropriate). The primary outcome was
the degree of the agreement between the two methods.

Results. The kappa coefficient between ACRAC andAUCwas 0.32, P < 0.0001, indicating poor
agreement; 40 (8%) patients were classified by the AUC but could not be classified by the ACR AC.

Conclusion. The two methods for rating the appropriateness of MPI have poor agreement; a
potential for disagreement between providers and payers if only one method is used. (J Nucl
Cardiol 2019;26:826–30.)
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INTRODUCTION

Appropriate use criteria (AUC) for myocardial

perfusion imaging (MPI) have been published over a

decade now. A growing number of health care providers,

as well electronic health software vendors, are incorpo-

rating AUC for use at the point of care. AUC developed

by the American College of Cardiology Foundation

(ACCF) and the appropriateness criteria (AC) developed

by the American College of Radiology (ACR) are the

main existing methods that assist health care providers

in decisions regarding the appropriateness of MPI.1–6

The two methods use different approaches which may

create separate categories determination. Congressional

regulations were passed in 2014 mandating health care

providers to use appropriate use criteria when ordering

advanced imaging in Medicare patients, and linked their

payments to the appropriateness of the test.7 Prior report

from a veteran study suggested discordance between the

previously published AUC from 2009 and ACR AC.8,9

However, based on the most contemporary publication

of AUC in 2013 and studying the non-veteran popula-

tion, the degree of agreement is unknown.

METHODS

Study Population

We retrospectively identified a cohort of patients who

underwent single-photon emission computed tomography

(SPECT) MPI between June 2011 and September 2014 at the

University of Florida Health. The Institutional Review Board

reviewed the protocol and waived the requirement for informed

consent. MPI studies were performed using technetium-99m

SPECT in a typical clinical fashion with images obtained at rest

and post-stress, induced either by patient’s exercising on a

treadmill or pharmacologically. Results of the test were obtained

from the final report of the MPI; we did not re-evaluate the

original study images. Demographic information, medical his-

tory, and reasons for ordering MPI information were gathered

from notes of emergency department, in-hospital follow-up, and

provider’s order details. Study data were collected and managed

using a Research Electronic Data Capture.10 CADwas defined as

any angiographic evidence of atherosclerotic disease in anyof the

epicardial coronary arteries or prior myocardial infarction (MI).

Appropriateness Determination

Appropriateness categorywas determined byusing the 2013

ACCF AUC criteria:1 appropriate, maybe appropriate, rarely

appropriate and the ACR AC:2–6 usually appropriate, maybe

appropriate, usually not appropriate. Of the 500 patients in the

cohort, nine were excluded due to incomplete or missing

information regarding the rationale of stress testing. Subjects

who could not be classified under the ACR criteria were assigned

to the ‘‘cannot be determined’’ category and were excluded only

from the agreement statistical analysis, not the entire study.

ACCF appropriateness classification was performed using a

hierarchical approach as advised by the ACC AUC and was

facilitated by using a smartphone application [� 2014 Astellas

Pharma US, Inc. Northbrook, IL], whereas the ACR appropri-

ateness was performed using materials found on ACR website (

https://acsearch.acr.org/list), which included published material

from 2011 to 2014. For each patient, to minimize bias, the

chart would be reviewed and then a determination of appropri-

ateness would be made separately by two investigators. Ratings

for AUC were determined by author AA, whereas ratings for

ACR were determined by SB.

Definitions of Outcomes and Statistical
Analysis

The primary outcome of this study was to establish the

agreement between the ACCF and ACR appropriateness

ratings, using the kappa statistic. The secondary outcome

was the test result: normal vs abnormal. We compared the

outcomes between the each ACCF and ACR appropriateness

ratings by Chi-square analysis. P value of\0.01 was consid-

ered significant. Statistical analyses were performed using SAS

software [SAS version 9.3, SAS Institute, Cary NC].

RESULTS

Of the total 500 MPIs reviewed, 302 (60.4%) were

females, and the average age of our patient population was

58 years. There was a high prevalence of obesity (mean

BMI = 32), hypertension (77.6%), hyperlipidemia (62%),

and history of active or prior tobacco use (74.6%). (Table 1)

The most common presenting symptom was chest pain or

discomfort (71.4%), followed by dyspnea (7%).

Primary Outcomes

Out of 491 patients, 40 (8%) could be classified by

the ACCF AUC but had no correlated rating in the ACR

AC system. Such scenarios included a variety of

common presentations such as syncope, newly diag-

nosed heart failure, atrial fibrillation, and pre-operative

cardiac assessment. Those 40 patients were excluded

from the kappa calculation.

The kappa correlation coefficient between ACR and

ACCF appropriateness ratings was 0.32, P\ 0.0001,

indicating poor agreement. (Table 2) When using ACCF

AUC, we found that 73.4% of MPI studies fell under

‘‘appropriate’’ category, 8% under ‘‘maybe appropri-

ate,’’ and 18.6% were ‘‘rarely appropriate.’’ Applying

the ACR criteria, 73% of studies were classified as

‘‘usually appropriate,’’ 20.2% as ‘‘may be appropriate,’’

and 6.8% as ‘‘usually not appropriate.’’ Of the
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discordant ratings, 31 patients (6.8%) were two appro-

priateness categories apart: 7 patients were appropriate

by ACCF AUC but usually not appropriate by ACR AC,

and 24 patients were usually appropriate by ACR AC

but rarely appropriate by ACCF AUC. Common reasons

for such difference were found in symptomatic patients

with low pretest probability of CAD who were unable to

exercise, or symptomatic patients with intermediate-or-

high-risk profile who had a normal stress test study

within 2 years of presentation.

Secondary Outcomes

Using ACCF AUC, studies classified as maybe

appropriate were least likely to be abnormal (4.9%), as

compared to appropriate (22.5%) and rarely appropriate

(10%), (P\ 0.001). Using ACR AC, usually non-

appropriate studies were least likely to be abnormal

(6.5%), as compared to maybe appropriate (8.9%) and

usually appropriate (22.7%), (P = 0.002).

DISCUSSION

We found poor agreement between the AUC and

ACR AC, confirming prior reports.8 Our study used the

most contemporary 2013 AUC publication with key

difference to the prior 2009 AUC. First, the 2009

guideline used the terms ‘‘appropriate,’’ ‘‘uncertain,’’

and ‘‘inappropriate,’’ while the 2013 guidelines used the

terms ‘‘Appropriate,’’ ‘‘Maybe Appropriate,’’ and

‘‘Rarely Appropriate.’’ The 2009 AUC uses 80 clinical

scenarios vs 64 clinical scenarios in the 2013 AUC,

therefore leaving less number of studies which would

otherwise be of undetermined appropriateness category.

In addition, some studies considered appropriate by

2009 AUC may not be appropriate by 2013 AUC and

vice versa. Prior study by Winchester et al. was

conducted at a veteran’s hospital. Our cohort had more

females, and younger population, making the results

more generalizable.

ACR AC have notably fewer clinical scenarios

where the appropriateness of MPI is rated, leaving many

specific indications for imaging without an appropriate-

ness rating. Many clinical scenarios detailed in the

ACCF AUC but absent from ACR AC are appropriate

such as: pre-operative evaluation, new heart failure or

cardiomyopathy, syncope, and atrial fibrillation. All of

these scenarios were effectively excluded from the ACR

AC, which might have impacted the overall results and

the correlation between the two systems. In fact, in our

cohort, only 8% of the AUC indications could not be

paired by ACR AC, compared to 18.8% unmatched

Table 1. Baseline characteristics

Variable N 5 500 (%)

Age (mean ± SD) 58.2 ± 12.7

BMI (mean ± SD) 32 ± 13.6

Gender

Male 198 (39.6)

Female 302 (60.4)

Presenting symptoms

Chest pain/discomfort 357 (71.4)

Dyspnea 35 (7.0)

Fatigue 8 (1.6)

Syncope 9 (1.8)

Other 91 (18.2)

Medical history

Hypertension 388 (77.6)

Hyperlipidemia 310 (62.0)

Diabetes mellitus 178 (35.6)

CAD 115 (23.0)

Family history of early CAD 56 (11.2)

CKD 83 (16.6)

Stroke 61 (12.2)

CMP or CHF 82 (16.4)

Active tobacco use 197 (21.4)

Former tobacco use 176 (35.2)

SD, standard deviation; BMI, body mass index; CAD, coronary
artery disease; CKD, chronic kidney disease; CMP, car-
diomyopathy; CHF, congestive heart failure

Table 2. Concordance between the ACCF AUC and ACR MPI appropriateness rankings

ACR AC

Usually app Maybe app Usually not app Total

AUC Appropriate 293 (64.9%) 31 (9.5%) 7 (1.5%) 331 (73.4%)

Maybe app 12 (2.6%) 12 (2.6%) 12 (2.6%) 36 (8%)

Rarely app 24 (5.3%) 48 (10.6%) 12 (2.6%) 84 (18.6%)

Total 329 (73%) 91 (20.2%) 31 (6.8%) 451

The kappa correlation coefficient between ACR and ACCF appropriateness ratings was 0.32, P\0.0001
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indications in a prior cohort.8 One possible explanation

is the difference in baseline characteristics of the

cohorts; our study had younger population with more

female predominance. Other possibilities include that

the investigators who reviewed the appropriateness

ratings, have ‘‘overfit’’ those indications into one of

the ACR ratings. Furthermore, 31 patient categories

(6.8%) were discordant and two appropriateness cate-

gories apart: appropriate by ACCF AUC but usually not

appropriate by ACR AC, or rarely appropriate by ACCF

AUC but usually appropriate by ACR AC. Additionally,

the poor agreement between the two methods was a

result of one appropriateness category apart; in such one

test can be considered rarely appropriate (or usually not

appropriate) by one system but maybe appropriate by

the other.

Our study emphasizes not only the differences in

applying appropriateness criteria by providers, but it

highlights potential concerns as we are approaching the

implementation of Protecting Access to Medicare Act

(PAMA) in 2018. The new Act directs the Centers for

Medicare and Medicaid (CMS) to promote the use of

appropriate use criteria for advanced imaging services.7

The discordance in the appropriateness category could

result in disagreement between payors such as the

Centers for Medicare and Medicaid Services and

healthcare providers.

Regarding the clinical outcomes of the study, the

likelihood of a study being abnormal was highest when

rated as appropriate by either the ACCF AUC (22.5%)

or ACR AC (22.7%). These findings are in line with

those reported in a multitude of prior studies and a

recent meta-analysis on appropriateness of MPI.11

Limitations

The study limited due to its retrospective feature, as

such, the assessment of appropriateness was limited to

the data available in the documents in the electronic

health record. Given the single-centered nature, the

generalizability of the study is restricted, and may not be

applied to different populations. We limited the number

of adjudicators who reviewed the chart to minimize

probable intra- or inter-observer variability, however,

that still can be a potential confounder, which has been

reported to in prior studies of AUC.12 The study was

underpowered to detect hard clinical outcomes.

NEW KNOWLEDGE GAINED

In this study, we found poor agreement between the

most contemporary AC, AUC, and ACR, consistent with

prior reports comparing the 2 methods, but has uses

different methodology based on the most contemporary

published literature of appropriate criteria. Potential

conflicts between payors and provider may arise if

regulators use one method for reimbursement purposes.

CONCLUSIONS

The two systems for rating the appropriateness of

MPI, developed by the ACCF and ACR, have poor

agreement between them, which can create disagree-

ment between payors and providers if only one AC is

used.
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