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Abstract The efforts for a broad application of the
appropriate use criteria to reduce inappropriate nuclear
stress testing have frequently been unsuccessful and the
reported rates of inappropriateness have varied widely
between studies. We sought to analyze the criteria of
clinical appropriateness of a cohort of consecutive patients
referred to our nuclear cardiology laboratory to perform
stress myocardial perfusion imaging (MPI) and to assess
the relationships between test appropriateness and the
evaluation of ischaemia. A cohort of 251 consecutive
patients, admitted to our Institute from January to March
2015, who underwent stress/rest MPI on a dedicated car-
diac camera equipped with cadmium-zinc—telluride
detectors, was selected. The level of clinical appropriate-
ness of each MPI test was categorized in each patient
according to the AUC criteria. According to the accepted
criteria, the majority of the MPI stress-tests could be
classified as clinically appropriate (218 of 251, 87 % of the
tests), while only 16 (6 %) and 17 (7 %) resulted of
uncertain appropriateness or clearly inappropriate, respec-
tively. Of the 251 appropriate tests, 22 (10 %), 65 (30 %),
and 131 (60 %) showed the presence of a mild (SDS < 4),
moderate (4 > SDS < 7), and severe (SDS > 7) ischemic
burden, respectively, while none of the inappropriate test
showed moderate-to-severe ischaemia (P < 0.001 for
comparisons). The rate of inappropriate MPI tests is con-
siderably low in a high-volume laboratory. Appropriate and
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inappropriate studies identify patients at high and low
probability of significant ischemia, respectively, providing
insights on the effects of the level of appropriateness on
stress-test results.
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Introduction

The use of cardiovascular imaging modalities has increased
dramatically over the past decade [1-4], raising concerns
on its economical and clinical sustainability [5—7]. This is
particularly true in the case of imaging tests that theoreti-
cally expose patients to potential collateral risks, such as
radionuclide imaging modalities [8]. Nevertheless, despite
its theoretical limitations (i.e. radiation exposure),
myocardial perfusion imaging (MPI) still represents one of
the most frequent tests for the non-invasive evaluation of
myocardial ischemia, due to its intrinsic versatility, and
recognized reproducibility of the results.

On the other hand, cost-effectiveness studies have
clearly demonstrated the pivotal role of non-invasive
imaging for the selection of patients undergoing more
expensive procedures [9], such as invasive coronary
interventions, underscoring the positive clinical impact of
test appropriateness [5].

Therefore, in order to promote an appropriate use of
nuclear cardiology testing, in 2009 the American College
of Cardiology Foundation updated the Appropriate Use
Criteria (AUC) for radionuclide imaging [10]. Up to now,
efforts for broad application of the AUC to reduce inap-
propriate nuclear stress tests have frequently been unsuc-
cessful [11-13]. In fact, the reported rates of inappropriate
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nuclear testing have ranged widely between studies [14—
16].

In a recent retrospective analysis on the appropriate use
of nuclear stress tests in the U.S., Ye et al. [17] charac-
terized the pattern of inappropriate testing and demon-
strated the difficulty that individual clinicians may have to
identify inappropriate tests, further stressing on the exis-
tence of a relevant clinical barrier against the successful
implementation of AUC criteria. In this respect, the
widespread use of imaging techniques poses relevant
doubts on their economic sustainability and on the non-
negligible health risks of an inappropriate imaging test
[18].

Despite these limitations, AUCs remain, up to now, the
only accepted way to evaluate appropriateness in nuclear
cardiology.

With these considerations in mind, we sought to analyze
the criteria of appropriateness in a cohort of consecutive
patients referred to our nuclear cardiology laboratory to
perform stress MPI and to further assess the relationships
between the patterns of test appropriateness and the
detection of ischemia.

Methods

We retrospectively selected a cohort of 251 consecutive
patients, admitted to our institution between January and
March 2015, who had undergone stress/rest MPI on a
dedicated cardiac camera equipped with cadmium-zinc—
telluride (CZT) detectors according to a single day proto-
col. Most of the patients (90 %) were referred to MPI by a
clinical cardiologist, while the remainders by a general
practitioner (10 %).

The level of clinical appropriateness of each MPI test
was categorized in each patient according to the AUC
criteria [10].

The variables used for this analysis included: age, sex,
major cardiovascular risk factors, history of prior coronary
artery disease (CAD), previous coronary revasculariza-
tions, current medical therapies.

The symptoms referred by the patient at time of the MPI
stress test were also evaluated and categorized according to
current guidelines [19]. Specifically, chest pain was clas-
sified as typical angina, atypical angina, and non-cardiac
chest pain, and other signs and symptoms including dysp-
noea, palpitations, and abnormal ECG were captured,
according to the 2009 AUC for radionuclide imaging, as
potential ischemic equivalents.

The study was approved by the Local Ethical Committee
and conformed to the Declaration of Helsinki on human
research. Written informed consent was obtained from
every patient.
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AUC classification and assumption

The assessment of the level of appropriateness of MPI
studies was defined for each indication following the
hierarchical flowchart outlined in the 2009 AUC document
[10]. Accordingly, in order to correctly evaluate the level
of appropriateness of the single test the following
assumptions were made:

1. in accordance with the 2009 AUC for radionuclide
imaging document, chest pain was classified as typical
angina, atypical angina or non cardiac chest pain;

2. patients were considered symptomatic in presence of
any constellation of clinical findings that the physician
felt to be consistent with obstructive CAD (i.e.
ischaemic equivalent),

3. in accordance with the 2009 AUC document, in
symptomatic patients the pretest probability (PTP) of
CAD (based on age, sex and typical/atypical angina or
non anginal chest pain) was classified as follows: very
low (<5 %), low (<10 %), intermediate (10-90 %),
high (>90 %);

4. patients who underwent MPI tests for symptoms other
than typical chest pain, such as in the presence of an
ischemic equivalent, were defined to have atypical
angina or non anginal chest pain for the purpose of
determining the PTP of CAD;

5. the assessment of individual risk in asymptomatic
patients was evaluated according to the “Adult Treat-
ment Panel III” reported probability of developing
coronary heart disease over the next 10 years and
classified as low (<10 %), moderate (10-20 %) or high
(>20 %);

6. each patient was classified in a single “clinical
scenario” of the sixty-seven listed in the 2009 AUC
document [10];

7. in the case of a MPI test that could be classified with
more than one indications that had the same level of
appropriateness, the indication with the smallest AUC
numeric value was assigned;

8. because of the retrospective design of the study, all
patients with missing data that were needed for AUC
classification, such as medical therapy and results from
prior test, were considered unable to be classified.

Analysis of perfusion images

Perfusion images were semi-quantitatively scored accord-
ing to the 17-segment left ventricular (LV) model and a
five-point scale (0-normal, l-equivocal, 2-moderate, and
3-severe reduction in radioisotope uptake, and 4-absence of
detectable tracer uptake) and the summed rest score (SRS)
and summed stress score (SSS) were calculated [20].
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Accordingly, the summed difference score (SDS), a mea-
sure of stress-induced reversible myocardial ischaemia,
was computed in every patient. As previously described,
presence of moderate ischaemia was indicated if
4 > SDS < 7, while severe ischaemia was recognized in
the case of a SDS > 7 [21].

The residence time values needed for the dosimetric
evaluation were taken from published reports [22] and
entered into the OLINDA software. Adult phantoms for
either men or women were taken into account in order to
evaluate the average committed effective dose in relation
to our diagnostic investigation.

Statistical analysis

The most common indications for appropriate and inap-
propriate testing were tabulated. The proportion of tests
with results that were normal or probably normal by each
appropriateness category was determined.

Continuous variables were expressed as mean £ 1 SD,
and categorical variables as percentages. Groups were
compared for categorical data using Fisher’s exact test and
for continuous variables using analysis of variance fol-
lowed by Fisher’s protected least significant difference for
multiple comparisons. All tests were 2-sided; a P < 0.05
was considered to be significant.

Statistical analyses were performed using JMP statistical
software (SAS Institute Inc, version 4.0.0) and Stata soft-
ware (Stata Statistical Software: Release 10, StataCorp.
2007, College Station, TX).

Results
Characteristics of the study population

The clinical characteristics of the enrolled patients are
shown in Table 1. The mean age of the population of was
67 £ 11 years, while only 83 (33 %) of the patients were
females.

When the clinical indications for MPI stress testing were
evaluated, the most frequent ones resulted: the evaluation
of ischemia in symptomatic patients after coronary revas-
cularization (indication 55; 43 patients, 17 %); the detec-
tion of significant CAD in symptomatic patients with high
pre-test probability (indication 5; 42 patients, 17 %); the
assessment of individual risk in patient with known CAD
and intermediate risk after ECG stress-test (indication 38;
41 patients, 16 %); the detection of CAD in symptomatic
patients with intermediate pre-test probability, inter-
pretable ECG and able to exercise (indication 3; 34
patients, 14 %); and the assessment of individual risk in
patient with known CAD, new or worsening symptoms and

abnormal coronary angiography or abnormal prior stress
imaging study (indication 30; 20 patients, 8 %). Seventy-
one patients (28 %) presented one of the other AUC indi-
cations for MPI stress test (less than 5 % of incidence for
each indication) (Fig. 1).

Evaluation of the appropriateness of the imaging
studies

According to the accepted criteria [10], the majority of the
MPI stress-tests performed could be classified as clinically
appropriate (218/251, 87 % of the tests), while only 16
(6 %) and 17 (7 %) resulted of uncertain appropriateness or
clearly inappropriate, respectively (Fig. 2).

Specifically, of the 17 patients with inappropriate stress
tests, 13 (77 %) were submitted to MPI despite a low pre-
test probability of CAD and/or despite the availability of
other clinically indicated, less-expensive, stress modalities,
while the remainders underwent MPI despite being clearly
asymptomatic and at relatively low risk of CAD (Table 2).

Correlation between appropriateness
and scintigraphic results

The relationship between stress-tests’ appropriateness and
ischemic burden on MPI was analyzed.

Interestingly, while the majority of the clinically
appropriate MPI tests demonstrated the presence of a
moderate-to-severe ischemic burden, only a marginal pro-
portion of the stress-tests with uncertain clinical appropri-
ateness or clearly inappropriate revealed a relevant
myocardial ischemic burden.

Specifically, of the 218 appropriate tests, 22 (10 %), 65
(30 %), and 131 (60 %) showed the presence of mild
(SDS < 4), moderate (4 >SDS <7), and severe
(SDS > 7) ischemia, respectively. On the other hand, of
the 16 patients submitted to MPI despite an uncertain
clinical appropriateness, 6 (38 %) showed a SDS < 4,
while only 9 (56 %) and 1 (6 %) presented a moderate and
severe ischemic burden, respectively. Finally, of the 17
inappropriate tests, the great majority (13, 76 %) showed
normal-to-mildly abnormal MPI results, while in no patient
the presence of severe myocardial ischemia was revealed
(P < 0.001 for comparisons between groups).

Radiation exposure

As expected, no difference regarding the global radiation
burden of the MPI tests was observed between the different
patients’ categories. Specifically, patients’ radiation burden
remained considerably low, irrespective of appropriateness
categories: the mean injected doses were 177.23, 172.22,
and 176.24 MBq for stress studies, and 377.98, 362.88, and
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Table 1 CZT data according to CAD extent

Parameter Overall study population

Appropriate indication

Uncertain indication

Inappropriate indication

(n = 251) (n = 218) (n=17) (n = 16)
Clinical characteristics
Age (years) 67 £ 11 67 £ 11 72 £ 8 63 £ 11*
Male, n (%) 168 (67) 148 (68) 9 (69) 11 (69)
Prior myocardial infarction, n 48 (19) 43 (20) 1(6) 4 (25)
(%)
Prior coronary 87 (35) 74 (34) 2 (11) 11 (69)**+*
revascularization, n (%)
Cardiac symptoms
Typical angina, n (%) 94 (37) 94 (43) 0 (0)** 0 (0)**
Atypical angina, n (%) 29 (12) 27 (12) 0 (0) 2 (13)
Non cardiac chest pain, n (%) 5 (2) 502) 0 (0) 0 (0)
Other cardiac symptoms, n 64 (25) 58 (27) 6 (35) 0 (0)=*
(%)
Asymptomatic, n (%) 71 (28) 46 (21) 11 (65)** 14 (88)**
Cardiovascular risk factors
Diabetes mellitus, n (%) 78 (31) 71 (33) 2 (1D 5 (31)
Hypertension, n (%) 194 (77) 172 (79) 11 (65) 11 (69)
Smoking, n (%) 21 (8) 21 (10) 0 (0) 0 (0)
Dyslipidemia, n (%) 162 (64) 138 (63) 10 (59) 14 (88)*
Family history, n (%) 37 (15) 28 (13) 4 (24) 5 @3h*

* and ** P < 0.05 and P < 0.01 versus “appropriate indications”; * and * P < 0.05 and P < 0.01 versus “uncertain indications”

Indication for nuclear stress test

Fig. 1 Most common indication for nuclear stress tests. Clinical
scenarios: [3] intermediate pretest probability of CAD. ECG inter-
pretable AND able to exercise; [5] high pretest probability of CAD
regardless of ECG interpretability and ability to exercise; [30]
abnormal coronary angiography OR abnormal prior stress imaging
study; [38] Intermediate-risk Duke treadmill score; [55] evaluation of
ischemic equivalent
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Fig. 2 Prevalence of MPI stress studies according to clinical
appropriateness

362.88 MBq for rest studies in case of appropriate,
uncertain, and inappropriate MPI tests, respectively
(P = NS between groups).

Discussion
Present data, obtained in a consecutive cohort of patients

studied in a single high-volume center, indicate that the
majority of the clinical indications for MPI stress-test are in
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Table 2 Most common indications for inappropriate nuclear stress test by frequency

Clinical scenario for radionuclide imaging (number and description) Prevalence
(%)

1: Detection of CAD in symptomatic patients with low PTP of CAD, interpretable ECG and able to exercise 41

12: Detection of CAD/risk assessment in asymptomatic patients with low CHD risk 6

13: Detection of CAD/risk assessment in asymptomatic patients with intermediate CHD risk and interpretable ECG 24

20: Detection of CAD/risk assessment in asymptomatic patients with history of syncope and low CHD risk

27: Detection of CAD/risk assessment in asymptomatic asymptomatic patient with last prior abnormal stress imaging study done 6

less than 2 years ago

37: Risk assessment in patient with prior stress test results and/or known CAD and low risk Duke treadmill score 12

59: Risk assessment post revascularization in asymptomatic patients less than 2 years after PCI 6

accordance with the AUC criteria, while only a minor
subgroup of subjects was submitted to MPI with inappro-
priate or uncertain indications.

Considering the time-period of the analyzed MPI stress-
tests (January—March 2015), our data represent a close
picture of the population currently submitted to MPI,
offering a snapshot of the main clinical indications for
stress radionuclide imaging with the pertinent level of
appropriateness.

Pointing the accent on the high level of appropriateness
of MPI studies that was observed in the present study, our
results are very encouraging since they reflect consistent
differences in ordering patterns with respect to previously
published data obtained in different practice and temporal
settings [9, 16, 17].

The role that the evaluation of test’s appropriateness
plays in current clinical practice is exemplified by the fact
that, in the last decade, audits and training courses
involving cardiologist, general practitioners, and nuclear
medicine specialists have been developed and implemented
on the basis of the dedicated guidelines.

This point is crucial for improving the accuracy in the
application of the criteria of clinical appropriateness of a
given imaging modality [10]. As a matter of fact, only
when a proper knowledge of clinical evidences is coupled
by a deep understanding of the technical characteristics of
the different imaging modalities, appropriate indications
are favored over inappropriate ones, reducing sanitary costs
and patients’ overall risk burden [23].

In line with this way of thinking, the presence in our
laboratory of a dedicated specialist in nuclear cardiology
(specialized in both cardiology and nuclear medicine) has
allowed to improve the quality of the service, both on a
technical and clinical point of view. This “double gate-
keeper” is one of the critical point of the whole process,
since it allows a rapid and effective exchange of informa-
tion between the different medical figures (general practi-
tioner, clinical and interventional cardiologist) involved in
the management of a specific patient, paving the way for an
increase in the level of clinical appropriateness of the

imaging studies for the referring physicians as well as for
the involved nuclear cardiologist.

This way of conduct is in line with the new strategy of
the European Association of Cardio-Vascular Imaging that,
on behalf of the European Society of Cardiology, tries to
stimulate and disseminate the knowledge and the use of
cardiac imaging through education, quality control,
research, and training. In particular, the European Associ-
ation of Cardio-Vascular Imaging provides the foremost
individual certification and laboratory accreditation pro-
grams for professional excellence in Europe with the aim is
to raise quality standards of practice across Europe in a
uniform manner, improving accuracy and reducing costs.

The second and closely related issue of this study relies on
the clinical impact of the use of appropriateness criteria. In
fact, only when an indication for MPI is in agreement with the
current guidelines and/or with the accepted AUC criteria, one
may expect a consistent reduction of both radiation exposure
and sanitary costs, helping to increase a patient-oriented
clinical decision-making. Ideally, in fact, a cardiovascular
imaging test should significantly alter patient management,
theoretically improving the clinical outcome [24].

Accordingly, our data showed that moderate-to-severe
myocardial ischaemia was mainly observed in appropri-
ately referred patients (>90 %), while could be revealed
only in a marginal proportion of studies with uncertain
clinical appropriateness or clearly inappropriate, that,
almost by definition, identified patients at lower cardio-
vascular risk, i.e. asymptomatic patients with low pre-test
probability of CAD.

Therefore, the application of AUC criteria in routine
clinical practice can reduce unnecessary testing, helping to
concentrate clinical efforts on those intermediate-risk
patients, where the result of the test is more likely to effect
the cardiological management and overall clinical out-
come, possibly reducing healthcare costs and downstream
high-risk investigation, such as invasive coronary
interventions.

Of interest, we found that 41 % of all uncertain exam-
inations and 34 % of all inappropriate examinations were
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due to 1 and 2 indications, respectively. This highly
repetitive pattern of inappropriateness points to the need
for educational programs to achieve further improvements
in the quality of ordering indications.

Since in the present study no comparison between stress
modalities has been made, our results do not, obviously,
allow to state that MPI is the preferred stress-test modality
in patients with suspected or known CAD over, for
example, wall-motion imaging (stress echo or magnetic
resonance). Multi-imaging outcome studies that included
the categorization of patients for level of test appropriate-
ness are deeply needed to address this topic of key clinical
relevance.

Study limitations

Several limitations should be acknowledged. The first
limitation is that this is a single center study, possibly
introducing a selection bias.

Despite being a retrospective database, all patients
submitted to MPI in a predetermined time-interval were
consecutively enrolled. Moreover, in the entire study
population all data entered the database at the time of
initial assessment without any filter.

Only published guidelines were considered as the only
reference standards for the evaluation of the level of clin-
ical appropriateness of a given test. In this respect, the
approach for defining tests’ appropriateness from guideli-
nes is simple but is limited because this process does not
allow the evaluation of specific clinical nuances according
to the situation of the patient. In addition, most of the
guidelines and society recommendations are based on level
of evidence C, which is the consensus of the monitoring
committee in the absence of a firm evidences [21].

In the present study, ejection fraction was not consid-
ered as an enrollment criteria, therefore prohibiting any
meaningful conclusion about the prevalence of heart failure
in the population analyzed.

Finally, since most of the MPI tests were referred by
clinical cardiologists, the observed level of appropriateness
might theoretically being spuriously increased. On the
other hand, the obtained results point to the importance of
the clinical competence of the referring physician to
increase test’s appropriateness.

Conclusions

Tests’ appropriateness is mandatory in contemporary
medicine and is the fruit of a paradigm shift in health care
towards a more cost-affordable and patient-oriented clini-
cal approach.
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Our results show how the rate of inappropriate MPI tests
is considerably low in a high-volume laboratory and pro-
vide insights into the clinical performance of radionuclide
imaging appropriateness criteria on test results, since
appropriate and inappropriate studies identify patients at
high and low probability of significant ischemia,
respectively.
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