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Abstract
Purpose Reversible ischaemia at radionuclide myocardial
perfusion imaging (MPI) accurately predicts risk of cardiac
death and nonfatal myocardial infarction (major adverse car-
diac events, MACE). This prognostic penetrance might be
empowered by accounting for exercise tolerance as an indirect
index of ischaemia severity. The present study aimed to verify
this hypothesis integrating imaging assessment of ischaemia
severity with exercise maximal rate pressure product (RPP) in
a large cohort of patients with suspected or known coronary
artery disease (CAD).
Methods and results We analysed 1,502 consecutive patients
(1,014 men aged 59±10 years) submitted to exercise stress/

rest MPI. To account for exercise tolerance, the summed
difference score (SDS) was divided by RPP at tracer injection
providing a clinical prognostic index (CPI). Reversible ischae-
mia was documented in 357 patients (24%) and was classified
by SDS as mild (SDS 2–4) in 180, moderate (SDS 5–7) in 118
and severe (SDS >7) in 59. CPI values of ischaemic patients
were clustered into tertiles with lowest and highest values
indicating low and high risk, respectively. CPI modified
SDS risk prediction in 119/357 (33 %) patients. During a
60-month follow-up, MACE occurred in 68 patients.
Kaplan-Meier analysis revealed that CPI significantly im-
proved predictive power for MACE incidence with respect
to SDS alone. Multivariate Cox analysis confirmed the addi-
tive independent value of CPI-derived information.
Conclusion Integration of ischaemic threshold and ischaemia
extension and severity can improve accuracy of exercise MPI
in predicting long-term outcome in a large cohort of patients
with suspected or known CAD.

Keywords Coronary artery disease . Imaging . Nuclear
medicine . Prognosis . Ischaemia

Introduction

Radionuclide myocardial perfusion imaging (MPI) is routine-
ly applied for risk assessment in patients with known or
suspected coronary artery disease (CAD) (1, 2). According
to its well-validated pathophysiological background, MPI not
only detects ischaemia and scar tissue, but it also permits one
to estimate their location and extension, providing prognostic
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information with an intrinsically additive value with respect to
clinical data, coronary anatomy and exercise stress score
(3–6). Similarly, the development of standardized methods
for image interpretation permitted extending its use in
multicentre studies evaluating the prognostic impact of inte-
grated indexes representing extension and severity of total
hypoperfused myocardium and reversible ischaemia. This
approach confirmed the predictive accuracy of MPI in popu-
lations with different disease prevalence submitted to either
physical or pharmacological stress (1–6).

Due to the kinetic features of the tracers used, MPI is the
best-suited technique to noninvasively characterize coronary
blood flow (CBF) response to physical effort and thus to the
most common trigger of myocardial ischaemia in daily life.
Nevertheless, despite a plethora of analyses comparing pre-
dictive accuracy of stress ECG and MPI, no study has tried so
far to verify whether combining imaging-derived indexes with
clinical markers of ischaemic threshold and exercise tolerance
can eventually improve risk stratification.

This hypothesis seems theoretically sound since the direct
evaluation of presence, severity and extension of exercise-
induced ischaemia intrinsically overcomes the relatively low
accuracy of ST segment depression and symptoms. On the
other hand, accounting for exercise tolerance complements the
scintigraphic indexes as the lower the exercise intensity not
met by an adequate CBF response, the higher the incidence of
ischaemia and its mechanical or arrhythmic complications.

To verify this hypothesis, this study combined imaging
indexes of ischaemia severity with maximal achieved work-
load (WL) and maximal rate pressure product (RPP) as widely
used indicators of exercise tolerance and myocardial oxygen
consumption, respectively (7, 8). The data obtained indicate
that this integration does indeed improve the prognostic pen-
etrance of MPI in a large cohort of patients with known or
suspected CAD.

Materials and methods

Our database included 2,270 patients with available rest and
exercise gated single photon emission computed tomography
(SPECT) data, referred for MPI between June 2001 and
March 2007 at the Nuclear Cardiology Laboratory of the
University of Naples Federico II, Italy. Overall, 742 patients
were excluded because of: (1) recent (3 months) acute coro-
nary syndrome, (2) previous episode of congestive heart fail-
ure, (3) valvular heart disease, (4) myocardial hypertrophy, (5)
atrial fibrillation, (6) concomitant severe non-cardiac illness,
or (7) missing follow-up or acceptance of our surveillance
program. Of the remaining 1,528 patients, 26 were submitted
to revascularization within 60 days after MPI and were ex-
cluded assuming a direct role of the test in treatment strategy
(9). Accordingly, the total study population included 1,502

patients (1,014 men aged 59±9 years). The Ethics Committee
for the Biomedical Activities of the University Federico II
approved the study and all patients gave informed consent.

Stress myocardial perfusion imaging

All patients underwent same-day 99mTc-sestamibi or
tetrofosmin exercise and rest gated MPI according to the
European Association of Nuclear Medicine/European Society
of Cardiology (EANM/ESC) procedural guidelines (10). QPS
software (Cedars-Sinai Cardiac Suite, Los Angeles, CA,
USA) was used to classify segmental radioactivity according
to the standardized 5-point scale (from 0 normal to 4 absent)
(11). Segmental values in rest and stress scans were summed
to generate summed stress (SSS), rest (SRS) and difference
(SDS) scores, using the conventional 17-segment model (11).
Left ventricular volumes and ejection fraction (LVEF) were
computed using QGS software.

Definition of risk predictors

Cardiovascular risk was stratified according to the Framing-
ham 10-year global CAD risk score (12). Clinical and ECG
response to exercise was categorized into three risk classes
according to the Duke treadmill score and thus considering
exercise duration, ST segment depression as well as presence
and severity of angina (13). WL was expressed in metabolic
equivalents (METs). Similarly, LVEF was categorized as nor-
mal (>50 %), moderately impaired (30–50 %) or severely
compromised (<30 %) according to previously published
criteria (14). According to the literature (3–5, 14, 15), SSS
values were scored as normal (0–3), mild (4–8), moderate (9–
13) or severe (>13) defects. In the presence of SSS >3,
ischaemia was categorized according to SDS as absent (<2),
mild (2–4), moderate (5–7) or severe (>7). Conversely, to
integrate SDS with a clinical estimation of ischaemic thresh-
old, we developed a “clinical” prognostic index (CPI) normal-
izing SDS for RPP and a “physical” prognostic index (PPI)
normalizing SDS for maximal WL at the time of tracer injec-
tion, according to the formulas:

Physical Prognostic Index PPIð Þ ¼ SDS

WL
� 102

Clinical Prognostic Index CPIð Þ ¼ SDS

RPP
� 105

where the multiplication terms represent simple scaling fac-
tors. Obviously, due to their nature, these indexes were only
computed for patients with evident ischaemia at MPI.
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Outcome determination

Follow-up data were obtained using a questionnaire that was
administered by a phone call and by review of hospital records
by individuals blinded to the patient’s test results. Subjects
were prospectively monitored for the following events: death,
cardiac death, nonfatal myocardial infarction (MI) or coronary
revascularization. The date of the event or of the last contact
with the patient was used to determine the length of follow-up.
MI events were defined by clinical determination of the
treating cardiologist. Cardiac death was defined as sudden
death or death due to heart failure. Fatal MI was considered
cardiac death if death occurred within the same hospitaliza-
tion. The primary endpoint was the occurrence of major
adverse cardiac events (MACE) (cardiac death or nonfatal
MI), and the secondary endpoint was the composite occur-
rence of MACE or late (>60 days) revascularization.

Statistical analysis

Follow-up data on the first 5 years after accrual were used. In
the primary analysis, only MACE was considered, whereas in
the secondary analyses, MACE or revascularization, which-
ever was first, were considered as events.

First, for descriptive purposes, time to event distributions
were estimated for all 1,502 patients using the Kaplan-Meier
method and compared with the log-rank test. Then, analyses
were focused on patients with reversible ischaemia in whom
the divergent classification systems can provide different re-
sults. In these patients, a set of univariate and multivariate Cox
models were fitted to the data: in univariate analyses, the
incidence of MACE was modelled as a function of each of
the following variables: age, Duke treadmill score, Framing-
ham score, SDS, PPI and CPI. Then, all variables were tenta-
tively included in a multivariate Coxmodel by means of a step-
up (forward) procedure, based on the likelihood ratio test: a p
value <0.1 was required for the inclusion of a variable in the
model. The proportionality assumptions were assessed graph-
ically according to the Grambsch and Therneau method (16).

Continuous variables are described as mean±standard de-
viation and categorical data as percentages. Groups were
compared using the t test, Fisher’s exact test or χ2 test, as
appropriate. A p value < 0.05 was considered statistically
significant. The statistical software used was SPSS Inc., Ad-
vanced Models 15.0 (Chicago, IL, USA).

Results

Patient and myocardial perfusion imaging characteristics

Patient demographics, cardiovascular history, medications
and clinical response to exercise are shown in Table 1. Of

the 1,502 patients, 1,017 (67%) displayed “negative” exercise
stress/rest MPI, 128 (9 %) showed “fixed” perfusion defects,
while reversible ischaemia occurred in 357 patients (24 %).
The time interval from tracer injection to acquisition was
largely variable. Accordingly, post-stress function was not
considered. Yet, baseline LVEF was significantly different in
the three groups which was highest in patients with negative
MPI (60±11 %, p<0.001 vs both fixed and ischaemic, respec-
tively), intermediate in those with reversible ischaemia (50±
13 %, p<0.001 vs fixed) and lowest in patients with fixed
perfusion defects without ischaemia (45±12 %).

Overall prognostic power of conventional MPI indexes
in the whole study cohort

During follow-up, 28 patients died from non-cardiac causes.
Cardiac death and nonfatal MI occurred in 32 and 36 patients,
respectively, accounting for a total of 68 MACEs. Finally, late
revascularization was performed in 119 patients accounting
for a total of 187 secondary endpoints.

MACE incidence was significantly associated with base-
line LV dysfunction (Fig. 1a) that, however, did not signifi-
cantly predict composite events (Fig. 1b). On the contrary,
severity of stress perfusion abnormality, scored by SSS,
retained a powerful prognostic penetrance for both primary
and secondary endpoints (Fig. 1c, d, respectively). Finally, the
predictive value of MPI-detected ischaemia was also con-
firmed with the incidence of both MACE (Fig. 1e) and com-
posite endpoints (Fig. 1f) being lowest in patients with nega-
tive exercise MPI, intermediate in patients with fixed,
nonischaemic, perfusion defects and highest in ischaemic
ones.

Accounting for ischaemic threshold modifies SDS-based risk
stratification

Among the 357 patients with reversible perfusion defects,
SDS classified ischaemia severity as mild, moderate or severe
in 180, 118 and 59 patients, respectively. Both CPI and PPI
showed largely asymmetrical distributions with an average
value of 24.9±15.9 and 64.3±47.9, respectively (Fig. 2a, b).
Accordingly, the 357 patients were subdivided into tertiles
with risk class increasing from lowest to highest tertile for
each index tested. As shown in Fig. 2c, CPI was significantly
correlated (Pearson coefficient R=0.80; p<0.001) with PPI.
Nevertheless, the loose nature of this correlation resulted in
substantial differences in risk classification (Fig. 2d). Similar-
ly, CPI and PPI altered Duke risk class in 190 (53 %) and 244
(68 %) patients, respectively. Finally, and more importantly,
accounting for ischaemic threshold also modified SDS-based
risk prediction, as CPI and PPI increased risk class in 117
(33 %) and in 123 (34 %) patients (Fig. 2e, f), respectively.

752 Eur J Nucl Med Mol Imaging (2015) 42:750–760



Grading of myocardial ischaemia and outcome prediction

As shown in Fig. 3a, SDS predictive valuewas limited in the 357
ischaemic patients, with a cumulative 5-year MACE incidence
of 15, 12 and 21 % in mild, moderate and severe ischaemia,
respectively (log-rank p=0.455). However, when composite
endpoints were considered, the prognostic power of SDS be-
came evident with a cumulative incidence of 23, 41 and 45 % in
the same classes, respectively (log-rank p<0.001) (Fig. 3b).

By contrast, integrating SDS and RPP significantly pre-
dicted both risk types. In fact, MACE cumulative incidence
was 9, 14 and 22 % in subjects at low, medium or high risk,
respectively (log-rank p<0.01, Fig. 3c). Similarly, CPI also
powerfully predicted a divergent occurrence of composite

endpoints in the three risk classes (17, 36 and 45 %, respec-
tively, log-rank p<0.001, Fig. 3d). On the other hand, normal-
ization for maximal WL achieved a relatively minor prognos-
tic penetrance: it did not significantly predict cumulative
incidence of MACE (log-rank p=0.323, Fig. 3e), although it
correctly stratified the risk for the composite endpoint (log-
rank p=0.01, Fig. 3f). Accordingly, due to its low predictive
value, PPI index was no longer considered.

The independent prognostic value of CPI and SDS was
corroborated by multivariate Cox analysis to discriminate the
contribution of each index in the 357 ischaemic patients. As
shown in Table 2, SDS showed a weak and nonsignificant
predictive value for MACE both in univariate and multivariate
analysis. On the other hand, it strongly predicted composite

Table 1 Baseline clinical and
imaging characteristics

CHD coronary heart disease,
ACE angiotensin-converting
enzyme, AT1R angiotensin type 1
receptor

Total no. of patients 1502 (100 %)
Age (years) 59±10

Framingham 10-year CHD

Men 1,014 (68%)

Low risk (≤10 %) 288 (19 %)

Intermediate risk (between 11 and 19 %) 375 (25 %)

High risk (≥20 %) 352 (23 %)

Women 488 (32%)

Low risk (≤10 %) 276 (18 %)

Intermediate risk (between 11 and 19 %) 204 (13 %)

High risk (≥20 %) 8 (1 %)

Primary Indication for MPI

Diagnosis of unknown CAD 853 (57%)

Chest pain characterization 349 (23 %)

Risk stratification 504 (34 %)

Evaluation of known CAD 649 (43%)

Previous MI 469 (31 %)

Previous percutaneous revascularization 180 (12 %)

Risk factors

Hypertension 943 (63 %)

Diabetes mellitus 574 (39 %)

Dyslipidaemia 755 (50 %)

Tobacco use 340 (23 %)

Family history of CAD 332 (22 %)

Antianginal medications

Beta-blockers 421 (28 %)

Calcium channel blockers 172 (11 %)

Nitrates 112 (7 %)

ACE inhibitors or AT1R antagonists 269 (18 %)

Exercise stress test data

Angina 93 (6 %)

ST segment depression 220 (15 %)

Maximal WL (METs) 9.3±2.5

Maximal RPP (mmHg x beats x min−1) 23,001±4,493

Patients reaching heart rate ≥85 % of target 968 (64 %)

Eur J Nucl Med Mol Imaging (2015) 42:750–760 753



endpoints in univariate analysis (Table 3). However, this
association disappeared (p=0.714) in multivariate analysis,
after adjustment for CPI, Framingham risk score and Duke
treadmill score (Table 3).

By contrast, normalization for ischaemic threshold im-
proved SDS risk stratification. In fact, CPI correctly predicted
the incidence of MACE both in univariate and multivariate,
analysis although in the latter approach statistical significance
was reached for trend description while it did not reach the
formal value for heterogeneity (Table 2). By contrast, CPI

prognostic value for the composite endpoint was documented
by both analyses (Table 3).

Interestingly, a linear relationship was observed between
CPI-derived index and observed cumulative incidence of
events. In fact, moderate risk class was associated with a more
than twofold increase in the incidence of the composite end-
point and with a 50 % increase in the incidence of MACE.
High risk class was associated with a more than threefold
increase in the risk of all events and with a two- to threefold
increase in the incidence of MACE.

Fig. 1 Cumulative hazard in
5 years of follow-up. Patients
without ischaemia are represented
in green and those with fixed
perfusion defects in blue.
Scintigraphic evidence of
ischaemia (SDS ≥2, red line) was
associated with a higher risk for
MACE (a) and for secondary
endpoint (b)
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Discussion

The present study confirms the hypothesis that normalizing
the imaging score of ischaemia severity and extension by
clinical indexes of ischaemic threshold significantly and inde-
pendently improves risk stratification for cardiac death and
nonfatal MI as well as the need for late revascularization.

Pathophysiological considerations

As a first observation, normalizing SDS for exercise toler-
ance—estimated by either maximal RPP or WL—profoundly
modified risk class provided by the Duke treadmill score. This
finding was somewhat expected as sensitivity of clinical
symptoms and ST segment depression is relatively low in
the general population (3). This limitation is further enhanced
by the selection bias of our registry study that included a large
group of patients submitted to stress imaging because of
equivocal findings at exercise stress test. More importantly,
angina, dyspnoea and ECG changes are relatively

independent from ischaemia severity and thus from the main
determinant of outcome directly interrogated by SDS (1–6,
14, 15). Accordingly, the relative disagreement between Duke
treadmill and either CPI or PPI score reflects, on the one hand,
the contribution of positive MPI despite a negative exercise
stress test, on the other hand, the larger SDS variability with
respect to clinical markers.

Though less evident, accounting for ischaemic threshold
also modified risk prediction offered by SDS alone in ischae-
mic patients. According to current models (8), the progressive
increase in oxygen consumption during exercise is parallelled
by an adequate CBF response in control myocardium. By
contrast, demand–supply match is lost in jeopardized areas
once maximal flow capacity is reached. Severity of perfusion
defect is thus correlated inversely with CBF in ischaemic areas
and directly with perfusion in control regions. Accordingly,
low SDS alone cannot differentiate between two largely dif-
ferent conditions: severe stenoses able to induce symptoms or
ECG changes triggering tracer injection in the early exercise
phases as opposed to moderate obstructions inducing an only
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Fig. 2 CPI and PPI risk stratification and agreement with SDS. a, b
Largely asymmetrical distribution and tertile classification of both CPI
and PPI values in the 357 patients with SDS ≥2. c Scatter plot of
correlating PPI index (x-axis) with corresponding CPI value (y-axis).
Despite a significant correlation a high number of patients were
differently classified by the two indexes whose tertile limits are

represented by vertical and horizontal lines, respectively. d Overall
agreement in patient classification. e, f Similar discordance in patient
classification provided by SDS with respect to CPI and PPI, respectively,
that was characterized by an increase in risk class in subjects with mild or
moderate ischaemia, represented by SDS value for both indexes
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mild perfusion defect and postponing tracer administration at
high RPP and WL.

This theoretical limitation is well recognized in daily prac-
tice and procedural guidelines warrant description of exercise
variables inMPI reports to better define severity of the clinical
condition (10). Nevertheless, to the best of our knowledge, the
present data represent the first attempt to estimate whether and
how the prognostic information provided by SDS and its
accurate description of ischaemia severity can be

complemented by a clinical evaluation of ischaemic threshold
as a surrogate index of its incidence during daily life.

Among the many clinical markers, we adopted maximal
WL as a physical measure of exercise intensity and maximal
RPP as an index of myocardial oxygen consumption (8). Due
to their direct relationship with exercise tolerance, both of
them were used as denominators to compute PPI and CPI,
respectively. Using this approach, CPI appeared more accu-
rate than PPI despite an obvious correlation between the two

Fig. 3 Improved risk
stratification of CPI and PPI. a, b
Cumulative hazard curves of
patients with mild (green),
moderate (blue) and severe (red)
ischaemia as classified by SDS
value. In this population, SDS
scarcely predicted MACE, while
it significantly identified the risk
for composite endpoints. c, d The
same hazard functions according
to CPI classification in low
(green), medium (blue) and high
(red) risk. Accounting for
maximal RPP improved MPI risk
stratification and significantly
predicted risk for bothMACE and
secondary endpoint. e, f
Prognostic predictive value of
PPI, with the same classification
in low (green), medium (blue)
and high (red) risk. PPI only
predicts significantly the risk of
composite endpoints
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indexes. This difference most likely reflects the retrospective
nature of our study that allowed different exercise protocols
and included patients under active pharmacological treatment.
Actually, most antianginal drugs exert their action by reducing
heart rate and arterial pressure response to exercise rather than
increasing maximal flow capacity (17). The consequent flat-
tening in cardiovascular reaction to exercise increases the WL
needed to elicit RPP threshold for ischaemia. In other words,
drug treatment can improve maximal tolerated WL without
significantly affecting maximal tolerated RPP. Under these
circumstances, CPI might probably fit better with daily clin-
ical practice in which drugs, and mostly beta-blockers, are
often used at the time of MPI scan. On the contrary, PPI (and
its adherence to the daily triggers of ischaemia) might be better
suited for untreated patients although its performance cannot
be elucidated on the basis of the present data.

Methodological considerations

In clinical practice, QPS software is widely used due to its
capability to simultaneously score severity and extension of
perfusion defects. Obviously, both variables might have been
more precisely described using truly quantitative analyses of
flow distribution (4). However, this approach would have

increased interobserver variability, reducing analysis robust-
ness and adherence of diagnostic interpretation to routine
clinical practice. On the contrary, we already documented
the high repeatability of MPI evaluation with this approach
whose accuracy in cardiovascular risk stratification was large-
ly confirmed in this cohort of unselected patients with
suspected or known CAD. In fact, the incidence of both
MACE and late revascularization was extremely low in pa-
tients with negative perfusion scans, while reversible ischae-
mia actually predicted significant risk excess. Similarly, the
relevance of stress perfusion abnormality—measured by
SSS—documented a relevant prognostic power confirming
the well-validated model predicting a direct relationship be-
tween maximal severity of hypoperfusion (due to either irre-
versibly damaged or reversibly ischaemic myocardium) and
cardiovascular risk.

On the other hand, the additive prognostic value of ischae-
mia in risk stratification is particularly relevant since it directly
reflects the expected benefit offered by revascularization. The
present data indicate that prognostic penetrance of reversible
perfusion defects can be improved beyond the SDS value by
its normalization for exercise tolerance due to the peculiar
physiological nature of exercise and its gradual effect on
CBF (8, 17).

Table 2 Prediction of MACEs (cardiac death and nonfatal MI)

Variable Strata No. of
patients

No. of
events

% Univariate Multivariate

Hazard
ratio

95 % CI pa pb Hazard
ratio

95 % CI pa pb

Total 357 37

CPI risk class Mild 119 7 6 % 1 (ref.) 0.013 0.003 1 (re.f) 0.089 0.029

Moderate 119 11 9 % 1.69 0.65–4.36 1.45 0.54–3.84

Severe 119 19 16 % 3.32 1.40–7.91 2.57 1.02–6.45

SDS risk class Mild 180 18 10 % 1 (ref.) 0.498 0.308 a 0.228 0.334

Moderate 118 11 9 % 1.02 0.48–2.17

Severe 59 8 14 % 1.65 0.72–3.81

Duke treadmill
score

Low 127 8 6 % 1 (ref.) 0.009 0.003 1 (ref.) 0.037 0.018

Intermediate 126 11 9 % 1.4 0.56–3.47 1.13 0.44–2.88

High 104 18 17 % 3.27 1.42–7.53 2.65 1.09–6.45

Framingham risk
score

Low (score ≤10 %) 124 9 7 % 1 (ref.) 0.208 0.081 1 (ref.) 0.08 0.033

Moderate (11–20 %) 142 15 11 % 1.61 0.70–3.69 1.63 0.71–3.74

High (>21 %) 91 13 14 % 2.12 0.90–4.95 2.66 1.12–6.31

Age <50 40 2 1 (ref.) 0.598 0.259 a 0.883 0.837

50–59 112 11 10 % 2.09 0.46–9.43

60–69 123 14 11 % 2.17 0.49–9.54

≥70 82 10 12 % 2.61 0.57–11.91

SDS and age were not entered into the final Cox multivariate model since their p values were >0.1

CI confidence interval
a p value for heterogeneity
b p value for trend
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In the clinical setting, MPI is often combined with phar-
macological stressors even in patients able to exercise. Nev-
ertheless, both adenosine (18) and alpha 2 receptor agonists
(19) intrinsically exert an all-or-none maximal vasodilation;
similarly, the progressive vasodilator action of dipyridamole is
too fast to allow any modulation (18). Under these conditions,
SDS analysis most likely provides a more complete definition
of jeopardized myocardium.

The present data do not permit one to define whether
the physiological nature of CPI or PPI and their close
proximity to daily triggers of ischaemia actually make
physical exercise a preferable stressor with respect to
pharmacological vasodilation. This point is crucial in the
modern era in which the best approach to interrogate
extension of jeopardized myocardium is often a difficult
choice (20). Actually, an extensive literature documented
that techniques alternative to radionuclide MPI offer pe-
culiar advantages: the lack of radiation exposure offered
by echocardiography and magnetic resonance imaging
(21, 22) allows a greater repeatability, the impressive
increase in spatial resolution offered by magnetic reso-
nance imaging markedly increases the diagnostic accuracy
of stress MPI (23), while the possibility to match flow
distribution and coronary anatomy, offered by computed

tomography, will surely provide a more complete window
on CAD severity (24). On the other hand, the peculiar
nature of perfusion tracers and their optimal conjugation
with physical exercise represent an almost exclusive fea-
ture of radionuclide MPI that might improve accuracy of
risk prediction with respect to alternative ischaemia imag-
ing strategies. This potential advantage couples the well-
documented prognostic penetrance of ischaemic threshold
evaluated by the Duke treadmill score (13) with an accu-
rate definition of extension and site of jeopardized myo-
cardium as prerequisite for revascularization.

Obviously, further studies are needed to define clinical
conditions that are the best targets for this approach consider-
ing the possible interference of microvascular dysfunction on
its prognostic penetrance. Actually, this disorder occurs in
most patients with diabetes (25), dyslipidaemia, hypertension
(26) or coronary atherosclerosis itself (27). Obviously, the
prognostic impact of these conditions—that were largely rep-
resented in our study cohort—was accounted for in the Fra-
mingham risk score. Nevertheless, their interference with
coronary microcirculatory function can affect diagnostic per-
formance of SDS. In this line, normalizing for ischaemic
threshold might at least partially reduce the impact of false-
positive findings.

Table 3 Prediction of composite endpoints (cardiac death, nonfatal MI and late revascularization)

Variable Strata No. of
patients

No. of
events

% Univariate Multivariate

Hazard
ratio

95 % CI pa pb Hazard
ratio

95 % CI pa pb

Total 357 103

CPI risk class Mild 119 16 13 % 1 (ref.) <0.001 <0.001 1 (ref.) <0.001 <0.001

Moderate 119 37 31 % 2.46 1.37–4.43 2.61 1.42–-4.78

Severe 119 50 42 % 3.71 2.11–-6.52 4.16 2.27–7.60

SDS risk class Mild 180 33 18 % 1 (ref.) <0.001 <0.001 a 0.790 0.714

Moderate 118 45 38 % 2.26 1.44–3.55

Severe 59 25 42 % 2.74 1.63–4.61

Duke treadmill
score

Low 127 36 28 % 1 (ref.) 0.120 0.057 1 (ref.) 0.0832 0.077

Intermediate 126 29 23 % 0.82 0.50–1.33 0.64 0.38–1.07

High 104 38 37 % 1.46 0.92–2.30 1.07 0.65–1.78

Framingham risk
score

Low (score ≤10 %) 124 24 19 % 1 (ref.) 0.017 0.014 1 (ref.) 0.007 0.006

Moderate (11–20 %) 142 47 33 % 1.85 1.13–3.03 2.17 1.27–3.70

High (>21 %) 91 32 35 % 1.92 1.13–3.26 2.88 1.57–5.28

Age <50 40 1 (ref.) 0.73–3.15 0.785 0.525 1 (ref.) 0.144 0.087

50–59 112 9 8 % 1.52 0.73–3.15 1.29 0.61–2.74

60–69 123 36 29 % 1.15 0.55–2.40 0.69 0.31–1.54

≥70 82 33 40 % 1.43 0.67–3.06 0.78 0.33–1.82

SDS was not entered into the final Cox multivariate model since its p value was >0.1

CI confidence interval
a p value for heterogeneity
b p value for trend
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Conclusion

The present study indicates that accounting for RPP at tracer
injection significantly improves the prognostic impact of SDS
analysis in exercise MPI. Under many aspects, it confirms the
common-sense approach considering ischaemic threshold as a
main descriptor of clinical status whose prognostic value is
nicely complemented by the description of ischaemia site,
severity and extension offered by SDS. These data do not
elucidate, in any way, whether accounting for this added value
of exercise justifies the selection of this stress type. Neverthe-
less, the independent prognostic value of our analysis, its easy
applicability and its adherence to the daily triggers of ischae-
mia have the potential to improve the clinical utilization of
MPI.
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