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ABSTRACT
Myocardial perfusion imaging  (MPI) is an important investigative tool in the diagnosis and management of coronary artery disease. This 
investigation has seen a manifold increase in number in past decades as compared to other investigations such as cardiac magnetic resonance 
imaging/positron emission tomography or computed tomography. In 2005, “Appropriate use criteria (AUC) in cardiac radionuclide imaging” 
was formulated by the American College of Cardiology Foundation and the American Society of Nuclear Cardiology for effective use of this 
investigation, later revised in 2009. We assessed the appropriateness of indications for MPI in patients presenting to the nuclear medicine 
department of a tertiary care hospital according to the latest AUC for cardiac radionuclide imaging. This is a retrospective analysis of all cardiac 
perfusion scans performed from June 2019 to January 2020 in a tertiary care teaching hospital in South India. All patients’ indications for MPI 
were assessed for appropriateness using AUC 2009 as appropriate, inappropriate, and uncertain indications by two experienced nuclear 
medicine physicians blinded for results of the test and hospital stay of the patients. A total of 1015 cardiac scans were performed in the given 
period, which were analyzed. This included 613 males and 402 females, with most of the patients aged above 60 years (n = 640; males = 385, 
females = 255). Most of the patients had diabetes mellitus or hypertension or both except in 161 patients (15.8%) which did not have either of 
the comorbidities. Chest pain and/or shortness of breath were the most common presenting complaints. The appropriate indication for imaging 
was found in 784 patients (77.2%), inappropriate in 121 patients (12%), and uncertain in 110 patients (10.8%). Our results showed appropriate 
indication to be 77.2% and inappropriate indications as 12% for MPI referrals in a tertiary care teaching hospital, similar to Western literature 
but can be improved further by continued teaching and awareness campaigns.
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INTRODUCTION

Myocardial perfusion imaging (MPI) is an important investigative 
tool in the diagnosis and management of coronary artery 
disease (CAD). Its incremental value in the diagnosis of CAD 
has led to a manifold increase in the number of investigations 
in the past decade. The growth of advanced cardiac imaging 
techniques such as cardiovascular magnetic resonance, 
positron emission tomography, and cardiac computed 
tomography had also occurred during this period, but the 
growth in the number of MPI and echocardiography has been 
tremendous.[1] In the USA, there had been a mean annual 
increase in the number of cardiac stress imaging tests by 
6.1% when the increase in cardiac catheterization was 2% and 
percutaneous coronary interventions was <1%, in individuals 

with acute myocardial infarction (MI),[2] and the number of MPI 
scans doubled from 4 million to 8 million in a decade.[3] With an 
increase in the number of tests, there was an overall increase 
in the cost of treatment. There was felt, a need for criteria to 
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regulate this leading to the formulation of “Appropriate use 
criteria (AUC) in cardiac radionuclide imaging” by American 
College of Cardiology Foundation and the American Society 
of Nuclear Cardiology in 2005, which were later revised in 
2009.[4] An appropriate study was described as “one in which 
the expected incremental information, combined with clinical 
judgment, exceeds the expected negative consequences by 
a sufficiently wide margin for a specific indication that the 
procedure is generally considered acceptable care and a 
reasonable approach for the indication”.[4] Since then, there 
had been many studies done in various parts of the world to 
look for the appropriateness of these guidelines to improve 
the referrals for MPI and formulating strategies for further 
improvement. A recent meta‑analysis by Ladapo et al.[5] showed 
stress MPI appropriate testing rates as 72.0% (67.6%–76.3%) and 
inappropriate/rarely appropriate testing rates as 15.7% (12.4%–
19.1%) using AUC, 2009. Studies showed that more 
inappropriate referrals for MPI came from noncardiovascular 
specialists than cardiac specialists.[6] However, other studies 
do not confer with this result.[5] It is also shown that there is 
a resource saving of up to 18.6% by the use of these AUC for 
cardiac radionuclide imaging.[7] There is a paucity of literature 
over the use of these AUC criteria from India. The aim was to 
assess the appropriateness of referrals for MPI to the nuclear 
medicine department of a tertiary care hospital according 
to AUC for cardiac radionuclide imaging proposed by the 
American Medical Association in 2009.

MATERIALS AND METHODS

The study is a retrospective analysis of all myocardial 
perfusion scans done from June 2019 to January 2020 in a 
tertiary care teaching hospital in South India. All patients 
were referred from the Department of Cardiology and 
Department of Internal Medicine for MPI, and MPI scans 
were performed in the Department of Nuclear Medicine on 
Symbia T6 and Symbia EvoExcel dual‑head Gamma camera 
manufactured by Siemens® Medical Solutions, Erlangen, 
Germany. History and demographic data were collected 
after retrieving the case records from the medical records’ 
department. Based on Hendel et al.’s recommendations, 
each indication was scored as appropriate study  (scores 
7–9), uncertain study  (scores 4–6), and inappropriate 
study  (scores 1–3); an appropriate study is considered 
acceptable and a reasonable approach for a given indication, 
an inappropriate study is considered not acceptable and 
not a reasonable approach to the given indication, and 
uncertain test is considered may be acceptable and may 
be a reasonable approach.[4] The appropriateness of the 
criteria was determined by two experienced nuclear 
medicine physicians (MKS and KN) using the most recent 

AUC for MPI. They were blinded to the results of the test 
and subsequent hospital course of the patient.

RESULTS

A total of 1015 myocardial perfusion studies were performed 
from June 2019 to January 2020, and their records were 
retrieved from the medical records’ department. In this, 
there were 613  males  (60.4%) and 402  females  (39.6%), 
with a mean age of 61.7  ±  11.4  years. Majority of the 
patients were above 60 years of age (n = 640; males = 385, 
females = 255), followed by those in the fifth decade (n = 240; 
males = 152, females = 88). In the fourth decade, there were 
98 patients (males = 51, females = 47) and below 40 years, 
there were 37 patients (males = 25, females = 12) [Figure 1]. 
With regard to comorbidities, both hypertension (HTN) and 
diabetes mellitus  (DM) were seen in 499 patients  (49.2%), 
while only HTN was present in 213  patients  (21%) and 
only DM was present in 142  patients  (14%). A  total of 
161 patients (15.8%) did not have either HTN or DM.

There was quite an overlap in the presenting symptoms in 
the patients such as patients with normal MPI test 1 year 
back, now presented for preoperative evaluation for major 
noncardiac surgery based on comorbidities. For this, we 
used prioritization of tables as suggested by Gibbons et al.,[2] 
in which post revascularization was order 1 indication 
followed by preoperative evaluation  (order 2), postacute 
coronary syndrome/MI  (order 3), prior test results  (order 
4), symptomatic patients  (order 5), and the asymptomatic 
patients  (order 6). Based on the above prioritization, 
the above patients were classified as appropriate as the 
preoperative evaluation is considered order 2 compared 
to prior test results  (order 4). Overall, chest pain and/or 
shortness of breath were present in 775  patients, who 
presented for MPI. The cardiac preoperative evaluation was 
an indication for 240 patients. A prior intervention such as 
percutaneous coronary intervention (PCI) and coronary artery 
bypass grafting (CABG) was present in 243 patients. Of these 
243 patients, 119 presented with new onset of symptoms.

Figure 1: Age-wise distribution of the patients
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As per the AUC criteria for radionuclide imaging[4] and review 
of all the available information such as age, sex, comorbidities, 
and indication of MPI scan, out of 1015 patients, 784 had 
an appropriate indication for the scan  (77.2%), 121 had 
inappropriate indication (12%), while 110 were classified as 
uncertain indications (10.8%). In the appropriate indications, 
the most common was AUC no. 43, i.e., preoperative risk 
assessment in intermediate‑risk surgery with risk factors 
and poor performance score (n = 140) followed by AUC no. 
15, i.e., asymptomatic high pretest CHD risk (n = 119) and 
AUC no. 62, i.e., assessment of viability (n = 103) [Table 1]. 
In the inappropriate indications, the most common was 
AUC no. 1, i.e., unstable angina in patients with low pretest 
probability  (n  =  33) followed by AUC no. 40–42 and 44, 
i.e., preoperative evaluation in low/intermediate risk with 
moderate or good performance and asymptomatic post 
PCI/PTCA (n = 28) and AUC no. 12, i.e., asymptomatic with 
low pretest probability (n = 25) [Table 2]. In the uncertain 
indications, the most common was AUC no. 57 and 60, 
i.e., asymptomatic <5 years post‑CABG or ≥2 years after 
PCI (n = 53) [Table 3].

DISCUSSION

Since the publishing of AUC in radionuclide imaging in 2005 
and its revision in 2009, there had been multiple articles 
published to observe the effectiveness of these criteria in 
their hospital settings. Few meta‑analyses have also been 
done to give a clear picture of AUC in clinical settings. 
There is a huge variation noted in the appropriateness of a 
test indication ranging from 62% to 91%, the inappropriate 
test indications in 5%–18%, and uncertain test indications in 
4%–20%.[5‑11] Dos Santos et al.[7] in their study of 190 patients 
showed an appropriate test indication in 78%, inappropriate 
test indication in 12%, and uncertain test indication in 10%. 
Our results are very similar to those of this study. When the 
meta‑analysis done by Ladapo et al. was compared,[5] they 
found an appropriate test in 71.1%, inappropriate in 10.7%, 

and uncertain in 18.2%, which again is similar to our study, 
with our study showing appropriate indications in 77.2%, 
inappropriate indications in 12%, and uncertain indications 
in 10.8% [Table 4]. Perhaps, slightly better appropriate criteria 
in our study could be due to institutional referrals, which 
accounts for >90% of our referrals.

Studies have also shown that with the use of AUC criteria, 
there is a cost saving of up to 18.6%;[7] even though the 
number of scans has increased over time, there are more 
and more referrals for appropriate indications. Although 
our study did not look into the cost saving from these scans, 
the authors agree that in the long run, AUC would result in 
significant cost cutting by the reduction in inappropriate 
tests. There is a discrepancy in the appropriateness of the 
MPI test in patients who are referred from cardiovascular 
specialists as compared to internists,[6] however, few other 
studies did not find similar results.[5] Gertz et al.[12] looked 
into AUC in inpatient settings but did not find any difference 
when compared to ambulatory settings. Few studies also 
compared the appropriateness of tests using AUC 2005[13] 
and 2009 but did not find any significant difference in the 
appropriate use of imaging.[14,15]

With the use of AUC, 2009, and recently Choosing Wisely® 
campaign[16] started by the American Board of Internal 
Medicine Foundation in which the Society of Nuclear 
Medicine and Molecular Imaging gave the recommendation 
for cardiac imaging that “Don’t perform routine annual stress 
testing after coronary artery revascularization,” there has 
been more awareness on the appropriate use of imaging, 
and the authors believe that there would be a decrease in 
inappropriate cardiac imaging.

The retrospective nature of this study in a single institute is 
an important limiting factor. Moreover, we did not consider 
the cost‑effectiveness on the use of these criteria and the 
referral base for imaging that whether the referral was from a 

Table  1: Appropriate indication for myocardial perfusion imaging  (n=784)

AUC number Category Incidence  (%)
43 Preoperative risk assessment high‑/intermediate‑risk surgeries

Risk factors and poor performance status
140 (17.8)

15 Asymptomatic high pretest CAD risk 119 (15.2)
62 Assessment of viability 103 (13.1)
58 Asymptomatic after ≥5 years after CABG 86 (11.0)
2 Symptomatic; ECG not interpretable and unable to exercise 77 (9.8)
32 Borderline stenosis on CAG (CT CAG/conventional CAG) 70 (8.9)
29 Asymptomatic; positive TMT 67 (8.5)
52 Asymptomatic; ECG - NSTEMI 54 (7.0)
‑ Other indications 68  (8.7)
CAD: Coronary artery disease; CABG: Coronary artery bypass grafting; CT: Computed tomography; NSTEMI: Non‑ST elevation myocardial infarction; AUC: Appropriate use criteria; 
ECG: Electrocardiography; CAG: Coronary angiography; TMT: Treadmill test
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cardiac specialist or internist. A large multi‑institutional study is 
required to study the various parameters. Moreover, the authors 
did not take into account the results of MPI and the stay of the 
patient in the hospital as this was an audit of indications for MPI.

CONCLUSION

This study showed the application of AUC with 77.2% 
appropriate indication, 12% inappropriate indications, 
and 10.8% uncertain indications for MPI in a tertiary care 
teaching hospital in South India. With awareness and 
Choosing Wisely® campaign, the inappropriate indications 
can be further brought down, thereby improving the quality 
of imaging, reducing cost, and subsequently increasing the 
efficiency of the health‑care system.
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