
ORIGINAL ARTICLE

Myocardial perfusion imaging in stable symptomatic patients
with extensive coronary atherosclerosis

Mohamed Mouden & Jan Paul Ottervanger & Jorik R. Timmer &

Stoffer Reiffers & Ad H. J. Oostdijk & Siert Knollema & Pieter L. Jager

Received: 7 May 2013 /Accepted: 6 August 2013 /Published online: 24 August 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Purpose High coronary artery calcium (CAC) scores are asso-
ciated with a high likelihood of ischaemia and obstructive
coronary disease. Myocardial perfusion imaging (MPI) is a
key investigation to determine the need for revascularization.
However, the value of MPI in presence of extensive CAC has
so far only been demonstrated in asymptomatic patients,
whereas its value in symptomatic patients remains largely
unclear. Therefore, we studied the impact of MPI in symptom-
atic patients with a CAC score ≥1,000.
Methods We included 282 patients (mean age 69±9 years,
63%men) without a history of coronary disease with suspected
stable angina referred for MPI and with a CAC score ≥1,000.
On follow-up at 18 months invasive angiography, coronary
revascularization, nonfatal myocardial infarction and death
were recorded.
Results MPI was normal in 54 %, equivocal in 10 % and
abnormal in 37 % (fixed defect 9 % and ischaemia 28 %) of
patients. More abnormal MPI findings were observed in men,
smokers and thosewith even higher CAC scores. During follow-
up, 1 patient (with nonischaemicMPI) died from a cardiac cause,
1 patient (with ischaemic MPI) suffered a myocardial infarction
and 92 patients (33 %) underwent revascularization. Ischaemia
on MPI was a strong predictor of coronary revascularization
(odds ratio 13.1; 95 % CI 7.1–24.3; p < 0.001).
Conclusion Ischaemia on MPI is observed in approximately
30 % of patients with a CAC score ≥1,000, and is a strong

predictor of coronary revascularization. However, nonischaemic
MPI does not exclude revascularization, and patients with
persisting complaints should be considered for invasive
angiography.
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Introduction

Myocardial perfusion imaging (MPI) using single photon
emission computed tomography (SPECT) provides valuable
diagnostic and prognostic information in patients referred
for noninvasive detection of myocardial ischaemia [1, 2].
However the presence or absence of atherosclerosis remains
undetected. Furthermore, the diagnostic accuracy of MPI may
be impaired in patients with balanced ischaemia due to flow-
limiting three-vessel coronary artery disease (CAD) or left
main stenosis [3], while this group is particularly prone to
adverse cardiac events [4, 5].

Coronary artery calcium (CAC) scoring is a clinical tool for
the early noninvasive detection of coronary atherosclerosis
[6, 7]. Higher CAC scores are generally associated with more
advanced coronary sclerosis and a higher likelihood of ischae-
mia [8, 9] or stenotic lesions [10]. Nevertheless, according to
several studies, the presence of extreme CAC scores is accom-
panied by a normal MPI in the majority of both asymptomatic
and symptomatic patients [11, 12]. Recent studies indicate that
patients with normal MPI but with high CAC scores are at
increased risk of future coronary events as compared to pa-
tients with no CAC. Such patients may have obstructive CAD
despite normal MPI results [9, 13, 14]. With the recent advent
of hybrid SPECT/CT devices, MPI and CAC scoring can be
easily combined and performed in a single session. However,
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the value of MPI in symptomatic patients with a very high
CAC score and the resulting implications for treatment and
short-term prognosis remain largely unclear.

Therefore, the aims of this study were to assess the impact
of MPI patients with a low/intermediate risk of a coronary
event with suspected but unconfirmed CAD who subsequent-
ly presented with a high CAC score (≥1,000) and to evaluate
the resulting clinical and prognostic implications.

Materials and methods

Study population

We retrospectively evaluated all patients who presented to our
hospital over a 3-year period (January 2009 to December
2011) for a clinically indicated MPI with a hybrid 64-slice
SPECT/CT device. Only patients without a previous history
of CAD, and a low to intermediate pretest likelihood of CAD
with a very high CAC score (≥ 1,000) were included in the
current analysis. All procedures were performed in accor-
dance with the Declaration of Helsinki. The study was ap-
proved by the Committee on Research Ethics of our hospital,
and written informed consent was obtained from all patients.

Clinical information

At the time of examination, all patients completed a question-
naire regarding demographic information, prior medical his-
tory, cardiac risk factors and current medication use. These
data were verified and complemented with demographic
and clinical information collected from medical records.
Furthermore, information regarding patient age, gender,
weight, height, blood pressure, heart rate and symptoms were
prospectively obtained by a medical nurse. The pretest likeli-
hood of CAD was assigned according to the criteria of
Diamond and Forrester, with a risk threshold of <13.4 % for
low risk, between 13.4 and 87.2 % for intermediate risk,
and >87.2 % for high risk [15].

SPECT MPI data acquisition

All patients underwent a 1-day 99mTc-tetrofosmin MPI proto-
col. Patients were instructed to refrain from caffeine-containing
beverages for at least 24 h before the test. Pharmacological
stress was induced by intravenous administration of adenosine
(continuous infusion at a rate of 140 μg/kg/min for 6 min). In
patients with a contraindication for adenosine, stress was in-
duced using dobutamine (starting with 10 μg/kg/min and in-
creased at 3-min intervals to a maximum of 50 μg/kg/min until
85 % of the predicted heart rate had been reached). Whenever
possible, patients performed additional low-level bicycle exer-
cise to reduce the side effects of adenosine. ECG and blood

pressure were monitored before, throughout, and following
the infusion. A weight-adjusted dose of 99mTc-tetrofosmin
(standard 370 MBq, 500 MBq in patients >100 kg) was
injected after 3 min of adenosine infusion. Patients scheduled
for rest imaging received a dose of 99mTc-tetrofosmin
(standard 740 MBq, 1,000 MBq in patients >100 kg). Both
stress and rest SPECT images were acquired 45–60 min after
tracer injection. Patients were scanned with a hybrid 64-slice
SPECT/CT device that included a conventional gamma camera
(before 1 May 2010, 85 patients) or a cadmium-zinc-telluride
(CZT) gamma camera (after 1 May 2010, 197 patients).

With the conventional dual-detector gamma camera
(Ventri; GE Healthcare), images were acquired using a low-
energy, high-resolution collimator, a 20 % symmetrical win-
dow at 140 keV, a 64×64 matrix, and an elliptical orbit with
step-and-shoot acquisition at 6º intervals over a 180º arc
(45º anterior oblique to 45º left posterior oblique) with 30 steps
(30 views). All patients were imaged in the supine position
with arms placed above the head. Acquisition time was 12 min
for the stress images and 15 min for the rest images.

The CZT-based SPECT images were acquired using a
multipinhole camera (Discovery NM/CT 570c; GE Healthcare)
and 19 stationary detectors simultaneously imaging the heart.
Each detector contained 32×32 pixelated (2.46×2.46 mm) CZT
elements. A 20 % symmetrical energy window at 140 keV was
used as previously described [16]. All patients were imaged in
the supine position with arms placed above the head. The
acquisition time was 5 min for the stress images and 4 min for
the rest images as previously reported [16]. Gated SPECT
analysis to calculate left ventricular volumes and ejection
fraction, and to assess wall motion abnormalities was done
in nearly all patients when feasible, usually during stress but in
some cases during rest. Stress and rest SPECT studies were
followed by an unenhanced low-dose CT scan during breath-
hold to provide the attenuation map for attenuation correction.
These scans covered the entire chest with the following scan-
ning parameters: 5.0-mm slice thickness using a reconstruc-
tion algorithm with a 512×512 matrix, and 800 ms rotation
times at 120 kV and 20 mA. Emission images as well as
attenuation map data were entered into a dedicated reconstruc-
tion algorithm to provide 3-D volume data (available in a
Xeleris workstation; GE Healthcare). These were reorientated
in the standard way and displayed in the three traditional
cardiac axes.

SPECT MPI analysis

Experienced nuclear cardiac readers (each with more than
10 years experience) nonblindly interpreted the images in-
cluding MPI polar maps. Segments were scored by consensus
of two readers using a 20-segment model for the left ventricle
using the following five-point scoring system: 0 normal, 1
equivocal, 2 moderate reduction in radiotracer uptake, 3
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severe reduction in radiotracer uptake, 4 no detectable tracer
in a segment [17, 18].

Perfusion defects were identified on the stress images (a
segment with a score ≥2 was considered to have a defect). A
stress study was interpreted as normal if perfusion was
assessed to be homogeneous throughout the myocardium
and fewer than two segments had a stress score ≥2 [17–19].
Subsequent rest imaging was performed if the stress images
did not fulfil these criteria and were therefore deemed to be
either abnormal or equivocal. A reversible perfusion defect
was defined as one in which a stress defect was associated
with a rest score ≤1 or a stress defect score of 4 with a rest
score of 2 [17, 18]. Irreversible defects were considered scar
tissue when persistent despite applying CT-based attenuation
correction together with abnormal wall motions in the corre-
sponding segments [20].

Unenhanced CAC scan acquisition

All cardiac CT studies were acquired in a single session imme-
diately afterMPI using the 64-slice CTscanner of the integrated
SPECT/CT device (LightSpeed VCT XT; GE Healthcare). All
patients with a heart rate >70 beats/minute received oral beta-
blocker therapy (50 or 100 mg metoprolol; Astra Zeneca BV,
Zoetermeer, The Netherlands) prior to the CAC scan. For the
CAC scans an unenhanced ECG-gated scan was performed
prospectively triggered at 75 % of the RR interval using the
following scan parameters: 4×2.5 mm, gantry rotation time
330 ms, tube voltage 120 kV, and a tube current ranging from
125 to 250 mA depending on patient size. Postprocessing of
the CAC scan was performed on dedicated workstations
(Advantage Windows 4.4; GE Healthcare).

Unenhanced CAC scan interpretation

The computer software for CAC scoring (Smart Score; GE
Healthcare) automatically defined the presence of calcified
lesions as those with radiodensity greater than 130 HU. The
total calcium burden in the coronary arteries was manually
depicted and allocated to the corresponding coronary artery by
an experienced reader using the Agatston method for quanti-
fication of CAC [21].

Clinical follow-up

Clinical outcome data were obtained by reviewing hospital
records, by telephone interviews with the patients and by
contacting the patients’ general practitioners. The time be-
tween the examination date and the date of the final consulta-
tion was used to determine follow-up length. Events that were
recorded during follow-up were diagnostic invasive coronary
angiography (ICA), coronary revascularization, nonfatal myo-
cardial infarction and death.

Statistical analysis

Statistical analysis to compare baseline characteristics was
performed with Chi-Square and one-way analysis of vari-
ance (ANOVA) as available in SPSS software (version 18.0
for Windows; SPSS Inc., Chicago, IL). Continuous data
were compared between groups using the two-sided
Student’s t test. Quantitative variables are expressed as
means ± SD and categorical variables as frequencies, or
percentages. P values less than 0.05 were considered statisti-
cally significant.

Results

Baseline characteristics

The baseline characteristics of the patients are shown in
Table 1. The mean age of the entire cohort of 282 patients

Table 1 Baseline characteristics of 282 stable patients with suspected
CAD and CAC score≥1,000 referred for SPECT imaging

Characteristic Value

Age (years), mean ± SD 69±9

Male gender (%) 63

Cardiovascular risk factors (%)

Current smoking 16

Diabetes 28

Hypercholesterolaemia 53

Hypertension 71

Family history 48

Number of risk factors, mean ± SD 2.2±1.2

Current cardiac medication (%)

Aspirin 55

Beta-blocker 63

Angiotensin converting enzyme
inhibitor/angiotensin receptor blocker

52

Statin 56

Pretest likelihood (%)a

Low 12

Intermediate 88

Blood pressure (mmHg), mean ± SD

Systolic 147±21

Diastolic 84±13

Heart rate (bpm), mean ± SD 72±12

Body mass index (kg/m2), mean ± SD 28±5

Left bundle branch block (%) 4

Creatinine level (μmol/L)2 86±48

a According to the criteria od Diamond and Forrester [15]
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was 69±9 years, 63 % were men and their mean body mass
index was 28±5 kg/m2. In 269 patients (95 %) pharmacolog-
ical stress was induced with adenosine and in 13 patients (5 %)
with dobutamine. The mean CAC score for the entire cohort
was 1,857±862 (median 1,586, interquartile range 1,235–
2,169). The mean CAC score in patients ≥70 years of age
(1,959±898) was higher than that in patients <70 years
(1,754±814, p =0.046).

SPECT results

SPECT revealed normal perfusion in 151 patients (54 %).
Stress-only imaging was performed in 73 patients (26 %) with
unequivocally normal stress SPECT findings. Additional rest
SPECT imaging was performed in 209 patients (74 %). The
mean left ventricle ejection fraction was 62±12 %. Equivocal
findings were found in 27 patients (10 %), while abnormal
perfusion was found in 104 patients (37%), of whom 26 (9%)
showed fixed defects and 78 (28 %) had findings suggestive
of ischaemia. Patients with abnormal findings were more
likely to be men, to be a current smoker and to have an even
higher CAC score (Table 2). Patients who underwent scanning
with the CZT camera had fewer equivocal SPECT findings
(6 % vs. 18 %, p =0.002) and more often underwent stress-
only imaging (30 % vs. 16 %, p =0.0018).

Referral for cardiac catheterization, revascularization rates,
and cardiac events

Follow-up examinations were performed in 281 patients
(99 %). The minimal follow-up time was 1 year, with a mean
of 24±11 months (median 23 months, interquartile range 16–
31 months). Overall, 132 patients (47 %) underwent ICA
during follow-up, of whom 93 (33 %) were referred for early
(<60 days) ICA and 39 (14 %) for late (≥60 days) ICA. ICA
was chosen more commonly in patients with ischaemic
SPECT findings (86 %) than in those with nonischaemic
SPECT findings (32 %, p <0.001).

Of the 204 patients with nonischaemic SPECT findings, 65
(32 %) underwent ICA because of persisting complaints, of
whom 39 (19 %) were early and 26 (13 %) late referrals. Of
these 65 patients, 22 had nonsignificant CAD and 43 had
obstructive CAD (defined as ≥70 % luminal narrowing in
a major coronary vessel, ≥50 % stenosis in the left main
coronary artery or fractional flow reserve value ≤0.80).
Subsequent revascularization was performed in 35 patients.
Single-vessel disease was found in 16 patients, two-vessel
disease in 9 and three-vessel disease in 18. Left main stem
stenosis was found in two patients. Among the 78 patients
with ischaemic SPECT findings, 67 (86 %) were referred for
ICA, of whom 54 (69 %) underwent early and 13 (17 %) late
ICA. Of these patients who underwent ICA, obstructive CAD

was confirmed in 60, of whom 57 underwent revasculariza-
tion. Single-vessel disease was found in 15 patients, two-
vessel disease in 13 and three-vessel disease in 31. Isolated
left main stem stenosis was found in one other patient, while
four patients had concurrent left main involvement. Ischaemia
on MPI was a very strong predictor of coronary revasculari-
zation (odds ratio 13.1, 95 % CI 7.1–24.3; p <0.001) during
follow-up.

In patients with confirmed obstructive CAD the revascu-
larization rate was higher in the group with ischaemia (95 %
vs. 81 %, p =0.048). After excluding early revascularizations,
there were 13 late revascularizations in the cohort with
nonischaemic SPECT findings and 10 late revascularizations
in those with ischaemic SPECT findings (p =0.077). One
patient without ischaemia on MPI died of acute myocardial
infarction, while one patient with ischaemia on MPI suffered
an acute myocardial infarction requiring primary percutane-
ous intervention. Six patients died from a noncardiac cause.
Analysis of event-free survival is shown in Fig. 1.

Table 2 Comparison between normal and abnormal SPECT findings in
patients with CAC scores≥1,000

Total cohort (N =282) Normal
SPECT
(N =151)

Abnormal
SPECT
(N =131)

P value

Age (years), mean ± SD 69.5±9 68.9±9 0.585

Male gender (%) 55 72 0.004*

Current smoker (%) 12 21 0.047*

Diabetes (%) 27 28 0.838

Hypercholesterolaemia (%) 56 50 0.378

Hypertension (%) 70 73 0.488

Family history (%) 48 50 0.746

Number of risk factors, mean ± SD 2.1±1.1 2.2±1.2 0.433

Current medication (%)

Aspirin 52 60 0.184

Beta-blocker 60 66 0.351

Angiotensin converting enzyme
inhibitor/angiotensin receptor
blocker

53 51 0.758

Statin 58 53 0.481

Blood pressure (mmHg), mean ± SD

Systolic 149±21 144±21 0.098

Diastolic 85±13 83±12 0.277

Heart rate (bpm), mean ± SD 72±12 71±12 0.542

Body mass index (kg/m2),
mean ± SD

29±6 28±5 0.548

Left bundle branch block (%) 3 4 0.819

Creatinine level (μmol/L),
mean ± SD

90±63 81±17 0.151

CAC score, mean ± SD 1,761±737 1,969±977 0.043*

*P < 0.05
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Discussion

In this single-centre observational study in symptomatic stable
patients with suspected CAD and a very high CAC score,
myocardial perfusion was normal in more than 50 % of the
patients. Of the 32 % of patients with nonischaemic MPI who
were referred for ICA, 54 % underwent subsequent revascu-
larization. The proportion of downstream invasive testing and
revascularization following a nonischaemic MPI study in this
highly selected cohort was higher than in a similar population
with lower CAC scores [16], again confirming the value of
CAC scoring combined with MPI. Now the question is what
should be the strategy in patients with normal myocardial
perfusion but very high CAC score.

The relationship between MPI and CAC has been studied,
but most of the previous studies focused mainly on asymp-
tomatic cohorts and included only a few patients with CAC
scores≥1,000. In four studies that included predominantly
asymptomatic subjects, the probability of myocardial ischae-
mia increased with higher CAC scores, but as in our study, the
majority of those with a high CAC score had normal perfusion
[8, 22–24]. A lower frequency (29 %) of normal MPI results
among 28 asymptomatic diabetic subjects with CAC scores≥
1,000 was observed, probably indicating the higher-risk
profile in that cohort [25]. In three large studies that included
symptomatic patients, the MPI findings were normal in the
majority of the patients with CAC scores≥1,000 (Fig. 2) [9,
11, 12]. Summarizing all studies, the majority of patients
without prior CAD but a high CAC score have normal MPI,

with a higher prevalence of abnormal MPI in symptomatic
patients and high-risk groups.

Several studies have assessed the prognostic value of CAC
scoring over MPI alone. Patients with both a high CAC score
and high-risk MPI findings show higher mortality rates than
patients with only a high CAC score [24]. Similar higher long-
term event rates have been found among asymptomatic indi-
viduals with normal SPECT and more extensive atherosclero-
sis. With regard to the short term, higher-risk patients with a
CAC score≥1,000 suffer more adverse events [9, 25].
Conversely, as in our study, patients with a low/intermediate
risk have a low annual severe short-term event rate even in the
presence of elevated CAC scores [12, 23, 24]. Time-point
analysis indeed showed an initially low annual event rate in
subjects with normal SPECT and a severe CAC score with
separation of the survival curves for total cardiac events at
3 years and for death/myocardial infarction at 5 years after
initial testing [23]. Therefore, it may be hypothesized thatMPI
could provide better short-term risk assessment, while CAC
scoring may provide a better estimate longer-term prognosis
because of its ability to detect varying degrees of coronary
atherosclerosis before the development of stress-induced
myocardial ischaemia [23]. Summarizing the published stud-
ies, in patients with a low/intermediate risk with a very high
CAC score a normal MPI confers a benign short-term prog-
nosis, while the long-term risk of a severe cardiac event is
increased.

Potentially, CAC scoring could improve postimaging clin-
ical management and patient behaviour. Two prior studies
have investigated whether the knowledge of present coronary
atherosclerotic burden affects medical treatment strategy in
patients without evidence of abnormal myocardial perfusion.
In consecutive patients with nonischaemic MPI findings who
underwent CAC scoring in the same setting or shortly after
MPI, subsequent initiation or optimization of medical therapy
for CADwas more likely to occur in those found to have CAC
as compared to those without CAC [26, 27]. However, wheth-
er the aggressive management of risk factors induced by CAC
scores averts future adverse cardiovascular events, especially
in patients with extensive CAC, is currently unclear.

The question arising from our results is why patients with
extensive CAC and normal MPI findings are frequently re-
ferred for downstream invasive testing with subsequent
coronary revascularization despite the lack of ischaemia.
The detection of very high CAC scores is associated with a
high likelihood of ischaemia and obstructive CAD [8–10].
Therefore, these patients may have a higher pretest likelihood
than we defined prior to testing. As for most diagnostic tests, a
normal MPI study in such patients with a high pretest proba-
bility should be interpreted with caution. This may be partic-
ularly relevant in patients with suspected three-vessel CAD or
left main stenosis. Visual analysis of MPI images provides

Fig. 1 Kaplan-Meier analysis of event-free survival (without coronary
revascularization, myocardial infarction and death)
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information on relative rather than absolute perfusion for each
myocardial region. Therefore, global but uniform reduction in
coronary vasodilator reserve may result in a homogeneous
distribution of radiotracer, potentially leading to false-
negative MPI results [28, 29]. In addition, the collateral circu-
lation could maintain adequate myocardial perfusion, leading
to underestimation of the angiographic severity of coronary
lesions. Several other factors may contribute to false-negative
MPI findings including insufficient coronary vasodilatation
due to unrecognized ingestion of caffeine-containing products,
attenuation and motion artifacts and plateauing of myocardial
tracer uptake at high flow rates [29–36]. Although the incor-
poration of several nonperfusion imaging findings seems to
significantly improve the detection of balanced ischaemia [37],
a recent study still found obstructive CAD in 76 % of patients
with extensive CAC and a normal MPI [14]. Interestingly, in
less than one-third of these patients three-vessel disease was
found as a possible explanation for the lack of perfusion
defects. Similarly, in our study in only 42 % of patients with
obstructive CAD despite nonischaemic MPI findings could the
CAD be attributed to three-vessel coronary disease.

In summary, the high probability of obstructive CAD in
symptomatic patients with extreme CAC scores, the possibil-
ity of false-negative MPI findings, and the recommendation
for coronary revascularization for any stenosis >50 % in
patients with limiting angina unresponsive to optimal medical
treatment could be explanations for the high referral rate for
ICA despite the absence of objective ischaemia [38]. Based on
our findings, we do not believe that all symptomatic patients
with a very high CAC score and a nonischaemic MPI result
should routinely undergo invasive testing. However, in pa-
tients with persistent symptoms in whom clinical suspicion
places them at a higher risk of significant CAD ICA should be
considered.

Our study had several limitations. First, this was a retro-
spective study. Second, we used SPECT rather than PET
imaging that may have a higher diagnostic accuracy, especial-
ly in relation to the well-known difficulty in finding balanced
ischaemia. However, SPECT is more widely available and
there is longer experience with its use. Further, the use of
pharmacological stress and a 20-segment model for the left
ventricle instead of the recommended 17-segment model
could be a limitation. Furthermore, since this was a single
centre study in a selected MPI referral cohort with no prior
CAD at low or intermediate pretest likelihood, our findings
must be read with caution before extrapolating to other pop-
ulations. Patient referrals, clinical postimaging medical man-
agement and downstream utilization of invasive testing were
left to the discretion of the treating physicians, which could
have been a source of bias. However, the findings do reflect
general cardiac patient care. Another limitation includes the
definition of obstructive CAD and the determination of the
need for revascularization. They were mainly based on visual
assessment of the severity of coronary stenoses on ICA, as
pressure-derived fractional flow reserve measurement was
only used in a few patients. Finally, we also recognize that
the relatively short follow-up period may have resulted in
under-reporting of adverse cardiac events.

Conclusion

Approximately 50 % of the symptomatic patients with a high
CAC score have normal MPI. In most of those with ischaemia
on MPI, ICA confirms coronary obstructions. In patients
without ischaemia on MPI but persisting complaints, the
prevalence of obstructive CAD as demonstrated by ICA is
also high. In all symptomatic patients with a high CAC score,
the incidence of cardiac events is low, whereas the occurrence
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of coronary revascularization is high. However, more prospec-
tive studies are needed to assess the long-term prognostic
value of severe CAC in symptomatic patients referred for
MPI.
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