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Abstract
Purpose In clinical myocardial single photon emission
computed tomography (SPECT), attenuation artefacts may
cause a loss of specificity in the identification of diseased
vessels that can be corrected by means of gated SPECT
(GSPECT) acquisition or CT attenuation correction (AC).
The purpose of this multicentre study was to assess the
impact of GSPECT and AC on the diagnostic perfor-
mance of myocardial scintigraphy, according to patient’s
sex, body mass index (BMI) and site of coronary artery
disease (CAD).

Methods We studied a group of 104 patients who under-
went coronary angiography within 1 month before or after
the SPECT study. Patients with a BMI>27 were considered
“overweight”. Attenuation-corrected and standard GSPECT
early images were randomly interpreted by three readers
blinded to the clinical data.
Results In the whole group, GSPECT and AC showed a
diagnostic accuracy of 86.5% (sensitivity 82%, specificity
93%) and 77% (sensitivity 75.4%, specificity 81.4%),
respectively (p<0.05). In women, when anterior ischaemia
was matched with CAD, AC failed to show any increase in
specificity (AC 63.6% vs GSPECT 63.6%) with evident
loss of sensitivity (AC 72.7% vs GSPECT 90.9%). AC
significantly improved SPECT specificity in the identifica-
tion of right CAD in overweight men (AC 100% vs
GSPECT 66.7%, p <0.05).
Conclusion AC improved specificity in the evaluation of
right CAD in overweight men. In the other evaluable
subgroups specificity was not significantly affected while
sensitivity was frequently reduced.
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Introduction

Myocardial perfusion imaging is a fundamental tool for the
diagnosis of coronary artery disease (CAD), risk stratification
and management decisions for patients with known or
suspected CAD and its usefulness is supported by adequate
evidence in the literature [1–4].
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However, despite considerable technical advances
achieved in order to obtain motion and scatter correction,
generation of attenuation artefacts leads to a reduction of
specificity of conventional single photon emission computed
tomography (SPECT) imaging. This limitation has been
partially overcome by the application of gated SPECT
(GSPECT) that allows the simultaneous evaluation of the
perfusion/contraction match, permitting the correct clinical
interpretation of fixed (stress/rest) perfusion defects [5].

Alternatively, hardware and software devices have been
developed to correct for nonuniform attenuation artefacts
[6, 7]. Today the most widely used attenuation correction
(AC) instrumentation utilizes single-slice computed X-ray
tomography (CT) for acquisition of transmission maps [8].
Several reports on the use of AC in myocardial SPECT
imaging showed discordant results and its utility in routine
clinical practice is still debated [9–12]. Therefore, the aim
of the present study was to evaluate the effect of CT-based
AC and of gated acquisition on the interpretation of
myocardial SPECT in a multicentre investigation involving
patients with known coronary anatomy.

Materials and methods

Population

The study population included 104 patients [82 men and 22
women; mean age 64±10; range 38–82; mean body mass
index (BMI) 27±4 kg×m−2] referred to 5 Italian nuclear
medicine departments from March 2007 to April 2009 for
stress/rest GSPECT. All patients had a known coronary
anatomy at the time of the study or underwent coronary
angiography within 1 month; in particular in patients with
known CAD the time elapsed before SPECT was 23±
6 days, while in patients with suspected CAD the time to
angiography was 20±7 days.

The clinical characteristics and coronary anatomy of the
study group are summarized in Table 1.

Given the mean age and the mean BMI of the population
we decided to use age-adjusted levels of BMI and to
consider as “overweight” all patients with a BMI greater
than 27, as previously recommended [13].

Scintigraphic protocol

Each patient underwent stress/rest 99mTc-tetrofosmin
GSPECT with CT-based AC according to a single- or
double-day early imaging protocol, depending on the needs
of the participating units, as previously described [14, 15];
in particular 65 patients (62%) performed a single-day
protocol, whereas 39 patients (38%) performed a double-
day protocol. Seventy-five patients (72%) underwent an

exercise stress test, whereas 29 patients (28%) had a
dipyridamole infusion (0.56 mg/kg in 4 min) pharmaco-
logic stress test.

All patients were studied after an overnight fasting
period and invited to avoid tea, coffee, chocolate and
other foods containing phyllinic derivates at least for
48 h before the stress. Beta-blockers, nitrates and
calcium channel blockers were discontinued at least 5
plasma half-lives before the SPECT study while other
drugs (such as angiotensin-converting enzyme inhibitors)
were maintained.

In cases of previous myocardial infarction, 99mTc-
tetrofosmin at rest was injected after nitrate administration
(sublingual isosorbide mononitrate, 5 or 10 mg according to
body weight).

In the single-day protocol, 99mTc-tetrofosmin (296–
370 MBq) was administered intravenously at peak stress.
Immediately after the end of the stress, the patient ate a
fatty meal to accelerate hepatobiliary clearance of the tracer.
Within 15 min, GSPECTwith CT-based AC was performed
using a hybrid dual-head gamma camera (Infinia Hawkeye;
GE) equipped with high-resolution collimators. The proto-
col included a 64 × 64 matrix, 32 projections, 30-s
projection and 16 frames per cycle used in association with
a 15% window centred on the 140 keV photopeak of
99mTc. Immediately after completion of the stress study,
740–830 MBq of 99mTc-tetrofosmin was administered

Table 1 Patient characteristics

Number of patients 104

Age 64±10 years

Sex 82 males (79%)

BMI 27±4

Obesity 25 (24%)

Hypertension 80 (77%)

Diabetes 80 (77%)

Dyslipidemia 88 (85%)

Smoking 47 (45%)

Familial history of CAD 65 (63%)

Ejection fraction (%)

Echo 53±9

GSPECT 58±14

Previous MI 56 (54%)

Anterior 20

Inferior 34

Lateral 2

Patients with CAD 63 (60.5%)

Single-vessel disease 29

Multi-vessel disease 34

BMI body mass index, CAD coronary artery disease, MI myocardial
infarction
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under resting conditions and a scan was obtained as for the
stress imaging. At the end of each acquisition a low-dose
CT scan (140 KV; 2.5 mA) of the chest was performed in
order to obtain attenuation maps automatically applied by
the processing software to correct the emission data.
Reconstructions of stress and rest gated images were
performed using filtered backprojection (FBP) using a
Butterworth low-pass filter with a critical frequency of 0.46
Nyquist with an order of 5 and with a critical frequency of 0.32
Nyquist with an order of 5, respectively. For application of AC,
SPECT emission image data were processed using ordered
subsets expectation maximization (OSEM) reconstruction
software with 2 iterations and 10 subsets.

Quality controls of alignment both of stress/rest slices
and of emission-transmission data were performed for each
perfusion study. In all studies GSPECTand AC SPECT sets
of images were obtained in the two conditions of
acquisition.

In the double-day protocol, 370–600 MBq of 99mTc-
tetrofosmin was injected and the stress and rest scans were
obtained on separate days.

Analysis of scintigraphic data

Each centre sent raw GSPECT emission data, corrected for
nonuniformity, and CT attenuation coefficient maps to the
core laboratory (Fondazione G. Monasterio – Pisa) on
digital media. Qualitative and semiquantitative analysis of
scintigraphic data was performed at the core laboratory
using a commercially available GE Xeleris nuclear medicine
workstation (GE Medical Systems, Haifa, Israel).

Processed SPECT images were randomly analysed by
three experienced readers blinded to the patient’s clinical
information, body habitus, type of stress and results of
coronary angiography. Patient gender was only revealed on
request. Images were displayed on a computer screen in the
standard format for display of tomographic cardiac images
[16]. The total set of 208 SPECT (104 GSPECT and
104 AC SPECT) was displayed in random order.

Three independent observers visually analysed the image
quality using a 4-point scale (from 0=“poor” to 3=“optimal”).
Since the unavailability of a standard database for AC images
did not allow the use of automatic analysis softwares, the
presence and extent of perfusion defects and their reversibility
were visually evaluated using a 5-point scale (from 0=“no
perfusion defect” to 4=“total perfusion defect”) according to a
20-segment myocardial model [17] both for GSPECTand for
AC SPECT. The readers were aware of the type of image
reconstruction (GSPECT or AC SPECT).

Visual summed stress score (SSS), visual summed rest
score (SRS) and visual summed difference score (SDS)
were then obtained. Functional parameters (motion and
thickening) were used to obtain a better differentiation

between scarred and attenuated viable segments visualized
as fixed perfusion defects in GSPECT.

Coronary angiography

Selective conventional coronary angiography was per-
formed using invasive techniques available in each
centre. Standard multiple projections were recorded for
the left and right coronary arteries. Coronary angiograms
were quantified with offline computer software with an
automatic edge contour detection algorithm. In all
patients CAD was defined as ≥70% diameter stenosis
in the three major coronary arteries and ≥50% for the left
main coronary artery.

Statistical analysis

Continuous variables are presented as mean±SD. Where
indicated, differences were assessed by Student’s t test for
paired or unpaired data. The significance of the relationship
between both GSPECTand AC perfusion data was assessed
by linear regression analysis. Analysis of agreement was
also performed by means of the Bland-Altman method [18].
Accuracy in coronary stenosis detection was estimated
by analysis of receiver-operating characteristic (ROC)
curves using MedCalc software (v. 8.0.0.0). As previously
described, ROC curves were created by shifting the
diagnostic criterion level for positives and negatives over
the entire range of score [19]. Sensitivity and 1-specificity
for each diagnostic criterion level were plotted against each
other. Kappa values <0.4, between 0.4 and 0.75, and>0.75
were taken to represent poor, fair to good and excellent
agreement, respectively [20]. Statistical significance for
analysis was assessed at a p value of less than 0.05.

Results

Clinical results

Of the 104 patients, 23 had a BMI greater than 27 (15
men); 56 had a clinical history of previous myocardial
infarction; 25 had been previously revascularized with a
coronary artery bypass graft; 29 had single-, 25 double- and
9 triple-vessel disease while 41 did not have significant
coronary artery stenosis.

Scintigraphic results

Image quality

The quality of stress/rest images was rated as optimal in 22
patients for GSPECT versus 26 for AC SPECT, good in 61
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patients for both techniques, fair in 16 patients for GSPECT
versus 13 for AC SPECT and poor in 5 patients for
GSPECT versus 4 for AC SPECT (p=NS for all values).
Artefacts caused by AC, such as truncation [21] or
misregistration [22], were not observed in our patients
while overcorrection, which may reduce accuracy mostly in
the evaluation of septal and anterior walls, was observed in
8.5% of male patients.

Semiquantitative analysis: overall results

The mean SSS and SRS for GSPECT were significantly
higher than the respective values obtained with AC
SPECT (SSS 13.12±11.91 vs 11.04±11.52, p<0.001;
SRS 6.97±10.21 vs 5.48±8.67, p<0.001). These data
were confirmed bymale subgroup analysis (SSS 14.47±12.47
vs 12.20±12.16, p=0.001; SRS 7.95±10.82 vs 6.04±9.18,
p<0.001). When only female patients were considered, the
differences between the mean values of SSS and SRS were
not significant (SSS 8.09±7.88 vs 6.72±7.45, p=NS; SRS
3.31±6.52 vs 3.36±6.18, p=NS).

The mean SDS for GSPECT was slightly but not
significantly higher than the mean SDS for AC SPECT
(6.15±7.60 vs 5.57±7.22, p=NS). Linear regression
analysis showed a fair relationship between GSPECT and
AC SPECT SDS (y=1.249+0.702x; r=0.546; SEE=0.06;
p<0.001). The Bland-Altman analysis showed a shift in
the mean value of the difference (AC SPECT – GSPECT
SDS) of −0.6±10.5 [lower limit: −11.1 (95% confidence
interval=−12.9 to −9.32); upper limit: +9.9 (95% confi-
dence interval=8.14 to 11.7)], with 94% of the results
enclosed inside the limits (mean±1.96 SD) (Fig. 1).

ROC curve analysis identified cutoffs of 3 for SDS both in
GSPECT images and AC SPECT images as the best value for
separating patients with from those without CAD. Using these
thresholds, GSPECT predicted CAD in 52 of 63 patients (82%
sensitivity) and excluded it in 38 of 41 patients (93%
specificity), while AC SPECT predicted CAD in 47 of 63
patients with CAD (75.4% sensitivity) and excluded it in 33 of
41 patients without coronary lesions (81.4% specificity). The
area under the ROC curve was significantly higher for
GSPECT than for AC SPECT (0.94 vs 0.84, p=0.01)
(Fig. 2). The k-statistic showed a poor agreement between
the two imaging results (k=0.4; SE=0.09).

Subanalysis by coronary territory, gender and body habitus

Left anterior descending coronary artery (LAD) territory In
the evaluation of LAD territory GSPECT showed a
significantly higher diagnostic accuracy than AC SPECT
(area under ROC curves: 0.90 vs 0.76, p<0.01).

Although anterior artefacts should be more common in
women because of breast attenuation, no significant

differences between GSPECT and AC SPECT were found
when male and female patients were evaluated separately.

In our female population GSPECT and AC SPECT
showed similar diagnostic accuracy (area under ROC
curves: 0.79 vs 0.72, p=NS) (Fig. 2), while in male
patients diagnostic accuracy was significantly higher for
GSPECT than for AC SPECT (area under ROC curves:
0.92 vs 0.78, p<0.01).

In seven men (8.5%) the use of AC generated
“overcorrection” artefacts on the anterior wall visualized
as perfusion defects more evident in rest than in stress
images.

Therefore AC SPECT demonstrated a reduced diagnos-
tic accuracy in the evaluation of LAD territory of male
patients.

Fig. 1 The linear regression analysis showed fair relationship
between GSPECT and AC SPECT visual SDS (V-SDS) (a). Bland-
Altman analysis showed fair agreement between GSPECT and AC
SPECT V-SDS (b)
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In overweight men (BMI>27), GSPECT showed a not
significantly higher diagnostic accuracy than AC SPECT
(area under ROC curves: 0.85 vs 0.72, p=NS).

Right coronary artery (RCA) territory In the evaluation of
RCA territory GSPECT predicted RCA disease in 31 of
39 patients (79.5% sensitivity) and excluded it in 46 of
65 patients (70.8% specificity), while AC SPECT
predicted RCA disease in 28 of 39 patients (71.8%
sensitivity) and excluded it in 64 of 65 patients (98.5%
specificity). The area under the ROC curve was higher
for AC SPECT than for GSPECT, but not significantly
(0.87 vs 0.76, p=0.08). The k-statistic showed a poor
agreement between the two imaging results (k=0.3;
SE=0.09).

In our male population, ROC curves analysis identi-
fied cutoffs of 2 for SDS in GSPECT images and 4 for
SDS in AC SPECT images as the best for identifying
patients with a diseased vessel. With these thresholds,
GSPECT and AC SPECT sensitivities were 80.6 vs
75.0% while specificities were 67.4 vs 97.8%. The area
under the ROC curve was higher for AC SPECT than for

GSPECT, but not significantly (0.87 vs 0.76, p=0.08).
The k-statistic showed a poor agreement between the two
imaging results (k=0.3; SE=0.11).

In overweight men, GSPECT predicted RCA disease in
12 of 15 patients (80.0% sensitivity) and excluded it in 10
of 15 patients (66.7% specificity), while AC SPECT
predicted RCA disease in 12 of 15 patients (80.0%
sensitivity) and excluded it in 15 of 15 patients (100%
specificity). The area under the ROC curve was signifi-
cantly higher for AC SPECT than for GSPECT (0.90 vs
0.72, p<0.05) (Fig. 2). The k-statistic showed a poor
agreement between the two imaging results (k=0.4;
SE=0.17). No significant differences were found for the
evaluation of RCA territory between GSPECT and AC
SPECT images in female patients.

Left circumflex coronary artery (LCX) territory In the
evaluation of LCX territory GSPECT showed a significantly
higher diagnostic accuracy than AC SPECT (area under ROC
curves: 0.86 vs 0.73, p<0.05).

No significant differences were found for the evalu-
ation of LCX territory between GSPECT and AC

Fig. 2 ROC curve analysis.
a Overall analysis. b LAD
territory in women. c RCA
territory in overweight men
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SPECT images both for normal and overweight patients
(p=NS).

Detailed diagnostic accuracies for GSPECT and AC
SPECT according to coronary territory, gender and body
habitus are summarized in Table 2.

Discussion

Myocardial perfusion imaging is a widely accepted
technique for the assessment of CAD as well as for
the prediction of patient outcomes, but its accuracy may
be suboptimal for a relatively low specificity. Although
several studies started from a low SPECT specificity,
clinical evidence indicated that AC may increase
specificity in normal subjects and in patients with
CAD [23–28]. In particular, AC proved to be more useful
in patients with a large body surface area or BMI in whom
the photonic attenuation, especially in the inferior wall,
may reduce SPECT accuracy. Thompson and colleagues
[9] examined the value of AC SPECT in normal subjects
as well as in obese patients according to a BMI greater or
lower than 30. AC proved to be of value for both groups
of patients, with nonsignificant changes in sensitivity, but
with an enhanced specificity. In particular, in patients with
a BMI<30 specificity increased by 14%, while for
patients with a BMI>30 specificity increased with AC
by 33%. On the contrary, Wolak and colleagues [10]
recently evaluated the performance of AC in women by
using automated quantitative analysis of SPECT images.
The authors reported no significant differences both in
sensitivity and in specificity neither in SSS values in low-
likelihood patients between non-corrected and AC
images.

On the other side, gated acquisition provided additional
functional information able to differentiate soft tissue
attenuation from true perfusion defects, as necrotic
myocardium is not expected to move or thicken normally
[5, 29]. Taillefer and colleagues [30] demonstrated the

enhanced specificity of GSPECT in detecting CAD in
women and Doğruca and colleagues [31] demonstrated the
increased specificity of inferior wall ischaemia detection
of 99mTc-sestamibi GSPECT analysis.

Moreover, as previously described by Links and
colleagues [32] AC SPECT and GSPECT can be combined
leading to the best option in analysis, even if the use of
standard software does not allow gated images to be
obtained by iterative reconstruction which is essential for
the implementation of AC.

Thus, clinically speaking, it is not clear whether AC
SPECT should be preferred to GSPECT and the
difference in utilization is based mostly on laboratories’
experience, availability of hybrid cameras and local
accuracies, when evaluated. Despite the solid data
concerning the usefulness of GSPECT and the increasing
evidence on the gain in specificity due to the use of AC,
a comparison of accuracies between the two modalities
performed in the same patients with known coronary
anatomy and differentiated by gender, body habitus and
coronary territory is still missing.

This multicentre study demonstrated that using coro-
nary lesions as the standard of reference for ischaemia
the use of AC frequently led to a decrease in overall
accuracy due to an almost constant lowering of sensitivity and
to a frequent reduction in specificity and that only a limited
subgroup of patients showed a significant gain in specificity
with the use of AC, while in most cases accuracy of AC was
similar or worse than that of GSPECT. In agreement with
previous evidence [10], AC did not improve specificity for
anterior wall evaluation in women while in men it
significantly increased accuracy only for the evaluation of
the inferior wall, especially in the overweight subgroup
(Fig. 3).

In this paper the impact of artefacts generated by AC,
such as truncation and misregistration, did not significantly
affects our results, and this is probably due to the
uniformity of the instrumentation and to the use of the
core lab for analysis.

Table 2 Comparison of diagnostic accuracies between GSPECT and AC SPECT

Overall Women Men

Overall Overweight

LAD RCA LCX LAD RCA LCX LAD RCA LCX

GSPECT Sens. 82% 90.9 % 66.7% 60% 92.6% 80.6% 79.2% 83.3% 80% 79.2%

Spec. 93% 63.6% 84.2% 100% 89.1% 67.4% 96.6% 85.7% 66.7% 96.6%

AC SPECT Sens. 75.4% 72.7% 66.7% 40% 63% 75% 58.3% 75% 80% 58.3%

Spec. 81.4% 63.6% 89.5% 100% 89.1% 97.8% 86.2% 71.4% 100% 86.2%

p 0.01 0.42 0.62 0.59 0.008 0.07 0.03 0.15 0.04 0.2

LAD left anterior descending coronary artery, RCA right coronary artery, LCX left circumflex coronary artery
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Dosimetric considerations

The effective radiation dose range due to a stress/rest
perfusion SPECT study is between 7.2 and 8.1 mSv [14],
the effective dose range for a single CT scan (140 KV;
2.5 mA) is between 0.25 mSv and 0.45 mSv (0.017 mSv/
cm for the chest region) [33], and thus the total effective
dose due to CT scan for a stress/rest AC SPECT is about
0.5~0.9 mSv (from 6 to 12% of the total amount). Thus,
although around 1 mSv for a complete study, the
identification of the subgroup that benefits more from
AC could allow a targeted dose reduction in SPECT.
Progress in cardiac software could also allow the use of a
single CT scan reducing by 50% the radiation exposure
due to CT.

Study limitations

Although current guidelines recommend an interval of 30–
60 min between injection and image acquisition, we
decided to follow the fast imaging protocol described by
Giorgetti et al. [15] that was already in use in all centres
involved in the study.

Results obtained in women are biased by the
narrowness of the sample, and specifically by the fact
that only few overweight women were present in our
population.

In this multicentre study only a visual analysis of
myocardial perfusion images was performed, but this
limitation could not be avoided due to the lack of a

normal database for AC studies. Quantitative perfusion
SPECT software results for AC studies are not clinically
available and further investigations are needed to obtain
an AC database.

Conclusion

According to our results, CT-based nonuniform AC of
99mTc-tetrofosmin GSPECT fast imaging consistently
improved specificity without affecting sensitivity only
in the evaluation of the inferior wall in overweight men.
In the other evaluable subgroups of patients specificity
was not significantly affected while sensitivity was
frequently reduced. Since the number of overweight
women was too small to perform a significative statistic
analysis, conclusions on this specific subgroup could not
be obtained. The routine application of AC brings in
extra radiation exposure to patients; although these dose
values are relatively low, this does not justify the
extensive use of AC, especially in patients that will not
benefit from it. Our results suggest that in clinical
practice the use of AC should be limited to patients with
a BMI higher than 27; this was statistically demonstrated
in the subgroup of men, whereas in overweight women
this difference was not assessable because of the limited
sample. In the other subgroups of patients standard
GSPECT should be preferred. Furthermore “dosimetry-
adapted” softwares are needed to avoid unnecessary CT
scans in order to further reduce the total effective dose to
patients.

Fig. 3 Perfusion bullseyes
obtained with GSPECT (left
column) and AC SPECT (right
column), motion bullseye
(bottom, left) and selected
angiogram (bottom, right).
Territories of interest are marked
with black arrows. a A 67-year-
old woman, BMI 26. No
significant differences between
GSPECT and AC SPECT;
normal motion in LAD territory,
no LAD lesions. b A
57-year-old man, BMI 35.
Apparent ischaemia in RCA
territory at GSPECT analysis,
normal inferior wall motion,
normal perfusion at AC SPECT,
no RCA lesions
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