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Integrated assessment of coronary anatomy

and myocardial perfusion using a retractable

SPECT camera combined with 64-slice CT:

initial experience

Abstract We evaluated a prototype
SPECT system integrated with multi-
detector row CT (MDCT) for obtain-
ing complementary information on
coronary anatomy and hemodynamic
lesion significance. Twenty-five con-
secutive patients with known or sus-
pected coronary artery disease (CAD)
underwent routine SPECT myocardial
perfusion imaging (MPI). All patients
also underwent repeat MPI with a
mobile SPECT unit which could be
attached to a 64-slice MDCT system.
Coronary CT angiography (cCTA)
was performed without repositioning
the patient. Investigational MPI was
compared with routine MPI for de-
tection of myocardial perfusion de-
fects (PD). Two observers diagnosed

presence or absence of CAD based on
MPI alone, cCTA alone, and based on
combined MPI and cCTA with fused
image display. In 22/24 patients in-
vestigative MPI corresponded with
routine MPI (r=0.80). Stenosis ≥ 50%
at cCTAwas detected in 6/24 patients.
Six out of 24 patients had PD at
regular MPI. Three of these six pa-
tients had no significant stenosis at
cCTA. Three out of 19 patients with
normal MPI studies had significant
stenosis at cCTA. Our initial experi-
ence indicates that the integration of
SPECT MPI with cCTA is technically
feasible and enables the comprehen-
sive evaluation of coronary artery
anatomy and myocardial perfusion
with a single instrumental setup.

Keywords Image fusion . 64-slice
CT . Myocardial perfusion imaging .
Coronary artery disease

Introduction

Over the last decade, with the introduction of multidetector
row CT (MDCT) and the development of advanced
electrocardiography (ECG)-synchronized image acquisi-
tion and reconstruction techniques, coronary CT angiogra-

phy (cCTA) has been validated as a valuable tool to
diagnose coronary artery disease [1–7]. With 64-slice CT,
the diagnostic performance has been significantly im-
proved [1–7] over previous instrument generations. The
enhanced assessment of coronary arterial wall lesions and
tools relating these to acute and chronic changes in
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myocardial perfusion is of increasing interest [8]. Despite
all efforts, cCTA has limitations in the evaluation of
stenosis severity as the positive predictive value of cCTA
for identifying coronary stenoses causing ischemia is poor
[9–11].

Myocardial perfusion imaging (MPI) using single
photon emission computed tomography (SPECT) is the
most widely used noninvasive imaging test to determine
the hemodynamic significance of coronary artery disease
and helps in the selection of patients requiring cardiac
catheterization [12–16]. Annually, approximately 9.3
million MPI procedures are performed in the USA [17].
Newer investigations such as MRI and positron emission
tomography (PET) may offer certain advantages over
SPECT but have not yet been widely accepted [18, 19].

It has been reported that image fusion from independent
SPECT and CT offers an incremental diagnostic value by
integrating both sets of data [20]; however, this approach
requires dedicated nonrigid image fusion algorithms [20,
21] since the studies are not acquired simultaneously.
Visual techniques have been shown to be neither repro-
ducible nor objective [22]. We evaluated a prototype
retractable SPECT gamma camera integrated with a
64-slice multidetector CT system for obtaining complemen-
tary information on coronary artery stenosis and hemody-
namic lesion severity with a single instrumental setup.

Materials and methods

Sources of support

This study was supported by a research grant provided by
Siemens Medical Solutions (Hoffman Estates, IL). The
authors had control of the data and information submitted
for publication.

Study population

Our institutional review board approved this investigation
and all patients signed written informed consent after they
were given a thorough explanation of the study purpose
and the involved risks, such as additional radiation
exposure and drug administration during cCTA. All
patients also consented to the use of their medical
information for the purpose of this research project, in
compliance with HIPAA (Health Insurance Portability and
Accountability Act) requirements.

Between November 2006 and March 2007, 25 con-
secutive patients (Table 1) with known or suspected CAD
and referred for clinically indicated MPI were prospec-
tively enrolled. Exclusion criteria were: (a) unstable angina
or vital signs; (b) creatinine level of more than 2.0 mg/dL
(176.8 µmol/L); (c) pregnancy; and (d) known allergy to
iodinated contrast material. Irregular heart rate, obesity, and

heavy coronary calcifications were not considered exclu-
sion criteria.

Routine clinical rest/stress SPECT MPI

All patients underwent a routine clinical 1-day, ECG-gated
rest/stress protocol (Fig. 1). After fasting at least 4 h,
10 mCi (370 MBq) Tc sestamibi was administered
intravenously at rest. After 45–50 min, images were
obtained with a SPECT gamma camera system (Vertex™
V60, Philips, Best, The Netherlands) with the patient
supine using a sequential acquisition with 32 stops. Data
were recorded with attenuation correction using a gado-
linium source [23]. Patients were then stressed and injected
with 30 mCi (1,110 MBq) Tc sestamibi at peak stress.
Patients were imaged 40-min post-stress using the same
gamma camera and acquisition protocol.

Twenty patients (n=20) were stressed on a treadmill
utilizing the Bruce protocol. Five patients who were unable
to exercise had pharmacologic stress with adenosine
(140 mcg/kg/min for 4 min).

Table 1 Demographics of 25 patients referred for routine clinical
rest/stress MPI

Demographic variable Number Percent

Patient age (years)
Mean 60
Range 33–80

Patient sex
Male 14 56
Female 11 44

Known CAD 12 48
CAD risk factors
Hypertension 21 84
Hyperlipidemia 19 76
Smoking (current or former) 5 20
Type 2 diabetes 6 24
Family history of CAD 14 56
0 risk factors 0
1–2 risk factors 7
3–4 risk factors 16
≥ 5 risk factors 2

Chest pain evaluation
Stable angina 16 64
Unstable angina 0 0
No angina 9 36

BMI (kg/m2) 30 (±8 SD)
< 25 5 20
25–30 11 44
> 30 9 36

CAD coronary artery disease, BMI body mass index, SD standard
deviation
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After processing and reconstruction, the ECG-gated
images were analyzed by two experienced readers in
consensus, both with more than 10 years of experience in
nuclear cardiology, using a commercially available soft-
ware package (Cedars QGS/QPS; Cedars-Sinai Medical
Center, Los Angeles, CA). Images were analyzed for the
relative activity in each section of the myocardium.
Interpretation included evaluation of perfusion defects
with and without attenuation correction, wall motion, and
ejection fraction. Perfusion defects were classified as
reversible (ischemia) or fixed (scar). A very small fixed
perfusion defect with normal regional wall motion on gated
SPECT was considered an artifact rather than a scar [24].
Anterior and septal perfusion defects were allocated to the
left anterior descending coronary artery (LAD), lateral
defects to the left circumflex coronary artery (LCX), and
inferior defects to the right coronary artery (RCA)
according to current conventions [25]. Quantification was
performed from the polar map plot and any value of 2
standard deviations or above was considered significant.
Between 1 and 2 standard deviations findings were
correlated with clinical presentation on stress test and
with ECG.

Combined imaging using SPECT MPI, CT calcium
scoring, and cCTA (CT/SPECT)

Immediately after completion of the routine clinical rest/
stress SPECT study, patients were transferred to the CT
suite to be examined with an integrated cardiovascular CT/
SPECT setup (Fig. 2) consisting of a 64-slice CT system
(SOMATOM Sensation Cardiac, Siemens, Forchheim,
Germany) and a retractable prototype SPECT camera
(Siemens, Hoffman Estates, IL) which was attached to the
CT patient table from its storage position when active via a
rail-track in the room floor. The examination started with
repeat SPECT imaging for approximately 30 min after

completion of the routine MPI examination. Immediately
afterwards, a non-contrast-medium-enhanced study for the
evaluation of coronary calcium was performed in all
patients while they remained in the same position on the
CT table by using the following parameters: 120 kV,
150 mAs, 0.33-s rotation time, 1.2-mm collimation, and
3.0-mm reconstructed section thickness with 50% overlap.
One observer calculated the total Agatston and volume
score using a dedicated workstation (Multi Modality
Workplace; Siemens). Non-contrast-medium-enhanced
calcium scoring derived anatomic maps were used to
correct for photon attenuation and scatter, minimizing
soft tissue attenuation artefacts and allowing for better
detection of true myocardial perfusion defects. Lastly,
retrospectively ECG-gated, contrast-medium-enhanced
cCTA was performed in each patient by using the
following parameters: 120 kV, 900 mAs, 0.33-s rotation
time, 0.6-mm collimation, z-flying focal spot technique,
and pitch of 0.2. Patients with average heart rates greater
than 65 bpm and no contraindications to the use of beta-
blockers received up to three intravenous injections of
5 mg (up to 15 mg total) of metoprolol tartrate
(Lopressor; Novartis, East Hanover, NJ) immediately
prior to the CT examination.

Image acquisition was begun regardless of the eventual
heart rate achieved after metoprolol injection. In the
absence of contraindications (hypotension, current use of
nitrate medications, migraine sensitive to nitrates) patients
were given a 0.4-mg nitroglycerin tablet (NitroQuick;
Ethex, St Louis, Mo) sublingually 2 min before the start of
image acquisition. CT studies were acquired in a
caudocranial direction with simultaneous recording of the
patient’s ECG signal to enable retrospective registration of
image reconstruction to the desired cardiac phase. The
examination range extended from the level of the carina to
just below the diaphragm. Delay time was determined by

Fig. 1 Routine clinical 1-day Tc-tetrofosmin SPECT MPI protocol
(light gray) and investigative CT/SPECT protocol (dark gray).
Combined imaging includes repeat acquisition of stress images with
SPECT camera attached to a 64-slice CT system for coronary
calcium scoring (Ca score) and coronary CT angiography (CT angio)

Fig. 2 Integrated instrumental setup of a 64-slice MDCT system (A)
with a retractable SPECT camera (B) which can be attached to the
CT patient table (C) from its storage position when active via a rail-
track (not visible) in the room floor
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injection of a 20-mL contrast medium test bolus at 5 mL/s,
followed by 50 mL saline, using a dual-syringe injector
(Stellant D; Medrad, Indianola, PA). The peak time of test
bolus enhancement in a region of interest in the ascending
aorta was used as the delay time.

Arterial enhancement was achieved with 50–75 mL of a
nonionic contrast medium (iopamidol; Isovue 370 mgI/
mL, Bracco, Princeton, NJ) infused through an 18-gauge
intravenous antecubital catheter at 5 mL/s, followed by a
50 mL saline chaser bolus. The contrast agent volume was
individually computed according to the following formula:
V=T×5, where V is the volume in milliliters and T is the
examination time in seconds. Image reconstruction was
performed using single-segment reconstruction and retro-
spective ECG gating [26–28]. Reconstruction intervals
relative to the R–R interval (percentage R–R interval) with
the least cardiac motion were determined on the basis of a
preview series consisting of 20 images reconstructed at 20
different R–R interval positions in 5% increments (0–95%)
at the same z-position at the midlevel of the heart. Image
reconstruction parameters comprised an individually
adapted field of view encompassing the heart, a medium
soft-tissue convolution kernel, and a section thickness of
0.75 mm with an increment of 0.3 mm. The room time for
combined MPI and CT was recorded and compared with
the routine clinical rest/stress SPECT study.

Image evaluation was performed on a 3D enabled
workstation (Multi Modality Workplace; Siemens) with a
standardized window level of 100 HU and window width
of 700 HU. Images for each patient were independently
analyzed by two cardiovascular radiologists, both with
more than 8 years of experience reading coronary multi-
detector row CT images. Readers were blinded to the
patient’s clinical data. They were asked to rate the quality
of vessel visualization and to identify and grade stenosis in
each patient including the tissue composition of causative
lesions. Incidental findings with possible impact on patient
management were recorded. Transverse sections, multi-
planar reformations, and thin-slab maximum intensity
projections (5 mm) were used for image display. In
addition, stenosis severity was assessed using dedicated
cardiac CT visualization software (Circulation; Siemens)
which automatically extracts the coronary artery vessel tree
from the contrast-medium-enhanced data set and subse-
quently displays a particular vessel as a curved multiplanar
reformation (cMPR) along its centerline. With this tool, the
degree of stenosis is evaluated by applying a semi-
automated measuring tool to the automatically generated
cMPRs. In the case of discrepancies between the observers,
measurements were repeated and the results were analyzed
in consensus. The extent of CAD was classified as follows:
(a) no signs of atherosclerosis, (b) atherosclerosis with
stenosis of 49% or less, (c) 50–69% stenosis, (d) 70–99%
stenosis, and (e) total occlusion. Wherever available,
findings at cCTA were compared with clinically indicated
coronary catheterization.

Image fusion

Immediately after the hybrid CT/SPECT acquisition, raw
data were assessed for motion to provide the ability to
motion correct the data. Subsequently, the SPECT and CT
attenuation correction data were processed to display
corrected and uncorrected gated perfusion. After aligning
the myocardial outlines of SPECT MPI and cCTA, fused
volume rendered images were automatically generated.
Alignment of the two fields of view (CT and SPECT)
required six variables, three translations (dx, dy, and dz) and
three rotations (rx, ry and rz); with z as the axis the CT
rotates about, x as lateral, and y as vertical. The SPECT
component was aligned in rx, ry, rz, and dx, and the fusion
software was utilized to align the dy and dz data sets. The
CT/SPECT images were reviewed by two different,
blinded, experienced readers unaware of the routine MPI
results applying the same parameters used at routine MPI
reading. As a first step, attenuation- and non-attenuation-
corrected images were examined for image quality and
perfusion defects. Subsequently, fused images were
evaluated and compared with investigational SPECT
images and CTA.

Statistical analysis

Statistical analysis was performed with Sigma Stat 3.5,
Sample Power 2.0 (SPSS, Chicago, IL) and Medcalc
9.3.2.0 (Mariakerke, Belgium). Descriptive statistics mea-
sures included frequency, mean, standard deviation, min-
imum, and maximum stratified by age, sex, BMI, degree of
stenosis, Agatston scores, and volume.

A generalized estimating equation (GEE) was not
utilized for calculating sensitivity, specificity, and accuracy
due to the fact there was no true independent reference
standard. Reader-specific values were compared using the
McNemar test. Kappa (κ) analysis was used to determine
agreement for the diagnosis of significant perfusion defects
on the basis of regular and investigative MPI.

Estimates of power (85%) indicated a sample of 25
participants was sufficient to detect a kappa coefficient of
0.025.

Results

Table 1 summarizes patients’ characteristics. Out of 25
patients, 24 were successfully imaged using all modalities.
One patient prematurely aborted the research portion of the
investigation due to back pain and was excluded from
further analysis. Integrated assessment with SPECT MPI
and CT using the investigational instrumental setup
averaged 1-h total room time.
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Routine clinical rest/stress SPECT MPI findings

Routine clinical SPECT MPI revealed perfusion defects in
6/24 patients (3 fixed and 6 reversible defects). Two defects
were located in the anterior, one in the apical, one in the
septal, one in the lateral, and four in the inferior territory.
All other patients were deemed to have normal myocardial
perfusion by the observers.

MPI findings using the investigational CT/SPECT
system

Results at CT/SPECT MPI corresponded with diagnosis
at routine clinical MPI in 22/24 patients (r=0.80).
Image quality was rated as good or excellent in all
patients. CT/SPECT MPI did not miss any of the
perfusion defects detected at routine clinical MPI. In
two patients additional perfusion defects were identi-
fied at CT/SPECT MPI that were not seen on routine
clinical MPI.

CT findings using the CT/SPECT system

CT image quality was rated as good or excellent in 23
patients and was poor in 1 patient due to irregular
heart rate. The mean Agatston score was 220±411 with
a mean volume score of 193±358 mm3 calcified tissue.
Distribution of calcium scores is given in Fig. 3. One
patient showed an Agatston score of 1,472. Image
quality was poor in this patient but still diagnostic
(same patient had irregular heart rate, see above).
Coronary artery stenosis ≥ 50% was detected in six
patients. In seven patients noncalcified lesions were

identified; in four of these seven patients no stenosis ≥
50% was present.

Findings using cCTA and routine clinical MPI

On side-by-side analysis of routine clinical MPI and
cCTA, three out of ten stenoses ≥ 50% (30%) matched
with corresponding perfusion defects. On a per patient
basis, three out of six patients with perfusion defects
had significant stenosis at cCTA. Three out of 19
patients (16%) with < 50% stenosis at cCTA had
perfusion defects at MPI. Three out of nineteen
patients (16%) with normal routine clinical MPI studies
had significant stenosis at cCTA, subsequently con-
firmed at catheter angiography. Four out of nineteen
patients (21%) with normal routine clinical MPI had
noncalcified plaque.

Findings using 3D fused images from CT/SPECT

Utilizing the 3D fused images, four out of ten (40%)
stenoses ≥ 50% seen at cCTA had CT/SPECT MPI
perfusion defects in their corresponding myocardial
territory. Six perfusion abnormalities on fused images
had no correlate at cCTA. In one patient (Fig. 4) a small
apical perfusion defect was not appreciated by the
observers, both on routine clinical SPECT MPI and on
the isolated SPECT component of the CT/SPECT inves-
tigational system. cCTA in this patient showed significant
LAD stenosis which was later confirmed by catheter
angiography. On fused CT/SPECT display (Fig. 4), the
perfusion defect can be more clearly visualized.

Figure 5 illustrates CT/SPECT findings in one patient
(Table 2, patient 23) with known CAD, chronic, stable
angina pectoris, and cardiovascular risk factors referred for
MPI.

Comparison with coronary catheterization

Of the six patients with significant stenosis at cCTA,
four underwent invasive coronary catheterization. In all
four cases stenosis was confirmed and stent placement
was performed in three patients (see Table 2; patient 1,
stent placement LAD; patient 4, no stent placement
because of chronic occlusion of RCA; patient 7, stent
placement LAD; patient 13, stent placement CABG to
RCA). In patient 21 with 50–60% stenosis at cCTA
and only mild symptoms, medical therapy was
recommended. The same regimen was prescribed in
patient 23 with 50–60% stenosis with normal myocar-
dial perfusion at both modalities.
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Fig. 3 Number of patients with Agatston scores of 0, 1–400, and
>400, respectively. In two patients calcium scores were not obtained
due to previous bypass surgery
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Additional findings

Incidental findings with potential impact on patient
management were detected in four patients at CT. Two
patients required follow-up for pulmonary nodules with
5- and 6-mm diameters, respectively [29]. One patient
showed granulomatous lung disease. One patient
presented with moderate pericardial effusion and intra-
myocardial bridging of the LAD.

Discussion

This feasibility study demonstrates that rapid assessment of
coronary artery disease is possible with an integrated CT/
SPECT system. Only one patient prematurely aborted the
MPI examination due to back pain. Most interestingly, our
study shows that only half of the patients with perfusion
defects at routine clinical SPECT MPI had significant
coronary artery stenosis at cCTA. Conversely, 16% of

Fig. 4 Routine clinical SPECT MPI (a) and CT/SPECT (b) in a 55-
year-old man (Table 2, patient 1) with typical exertional angina and
cardiovascular risk factors clinically referred for myocardial perfu-
sion imaging. The routine clinical SPECT MPI (a) was interpreted
as normal, without perfusion defects by the observers. cCTA (b)
displayed as transverse section (right upper panel) and curved
multiplanar reformat (right middle panel) shows high degree
stenosis of the mid LAD caused by mixed calcified and noncalcified
plaque (arrows), subsequently confirmed at invasive catheter
angiography (right lower panel) and treated despite rather small
perfusion defect but typical angina by stent placement. In retrospect

the stress MPI study using the CT/SPECT system (left lower panel
in b) shows a small apical area with reduced perfusion (arrows)
which was initially not appreciated by the observers. Also shown are
the attenuation-corrected (upper row) and uncorrected (lower row)
studies in short, long horizontal, and long vertical axes. On fused
CT/SPECT display (left upper panel in b), the perfusion defect can
be more clearly visualized. Upper middle image panel shows the
overlay of myocardial outlines generated at MPI (color) and at CT
(grayscale) as a first step of the fusion process used for quality
control
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patients with a normal MPI study had significant stenosis at
cCTA. A recent study illustrating the combined use of
cCTA and MPI identified seven patients with significant
stenosis out of 18 with normal perfusion studies (39%)
[30]. Therefore, it can be stated that a single investigation
currently fails to reliably meet clinical needs of all patients.
These results are not unexpected in view of the previously

described limitations in assigning perfusion defects to
specific anatomic coronary lesions [31] and the limitation
of cCTA in terms of evaluating smaller order vessels [32].

cCTA alone has been validated as a valuable tool for
noninvasive morphologic assessment of the coronary
arteries. Recent publications reported high sensitivities
for cCTA in detecting significant (≥50%) stenosis ranging

Fig. 4 (continued)
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from 94 to 99% compared with invasive coronary cathe-
terization [3, 4, 33]. The most encouraging observation is
the high negative predictive value of a normal cCTA study
(97% with 64-slice CT on a per segment basis) [34]. This

high negative predictive value suggests a potentially
important role of noninvasive cCTA to reliably exclude
severe CAD in the large population of patients with
equivocal clinical presentation and/or imaging findings

Fig. 5 CT/SPECT in a 54-year-old man (Table 2, patient 23) with
known CAD, chronic, stable angina pectoris, and cardiovascular risk
factors including hypertension and hyperlipidemia referred for
myocardial perfusion imaging. cCTA displayed as curved multi-
planar reformat (right upper panel) shows stenosis of the proximal
LAD difficult to quantify due to severe calcification (arrow) and
normal right coronary artery (right lower panel). Stress MPI study

using the CT/SPECT system (left lower panel) shows normal
perfusion. Patient was discharged (routine rest/stress MPI was also
normal) and medical treatment was recommended. Also shown are
the attenuation-corrected (upper row) and uncorrected (lower row)
studies in short, long horizontal, and long vertical axes. Also, on
fused CT/SPECT display (left upper panel) no perfusion defect can
be visualized
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(e.g., MPI). These individuals currently undergo a costly
invasive evaluation for exclusion of a relatively low
likelihood of stenotic CAD. One major limitation of
cCTA, regardless of the instrument generation, is the
presence of calcification within the coronary arteries. The
accuracy for grading stenosis is limited by the amount of
calcification in the vessel wall. cCTA radiation exposure
should be considered, especially if repeat evaluation of
CAD is required. Techniques such as tube current modu-
lation to reduce radiation dose are recommended [35] and
were used in this study. Additional limitations, such as the
need for a regular heart rhythm and a relatively low heart
rate (<65 bpm) are overcome with new instrument
generations such as dual-source CT.

Although cCTA can reliably exclude coronary artery
stenosis, its potential to evaluate the hemodynamic
significance of detected lesions is limited. In order to
identify the significance of lesions possibly requiring

intervention, MPI is usually performed after cCTA. In
contrast, cCTA is performed after MPI when perfusion
results are equivocal. In addition to hemodynamic
information, MPI adds important prognostic value con-
cerning cardiac mortality and myocardial infarction
enabling risk-stratification of patients with CAD or
following MI. MPI is the most powerful predictor of
outcome in patients with coronary artery disease, even
exceeding coronary angiography [36]. Normal MPI implies
a cardiac mortality of less than 1% per year [37]. However,
MPI has some inherent limitations due to several pitfalls
and artefacts. Patient-related artefacts may arise from tissue
attenuation (e.g., breast attenuation). Artefacts and pitfalls
originating from the target organ include left bundle branch
block, hypertrophic cardiomyopathy, HOCM, and ba-
lanced ischemia. Common technical problems include
patient motion and incorrect ECG gating [38].

Table 2 CT angiography results for the study patients and perfusion findings at routine rest/stress MPI and investigational stress MPI/cCTA
fusion imaging

Patient Stenosis at CTA Routine MPI Investigational MPI

Rest Stress Stress Fusion

1 LAD mid 80% Normal Normal Normal/X X
2 None Normal Normal N/A N/A
3 None Normal Normal Normal Normal
4 RCA mid 100%, LAD mid 70%, LAD dist 70%, Cx dist 70% I I I I
5 None Normal Normal Normal Normal
6 LAD prox LIR Normal Normal Normal Normal
7 LAD mid 70% Normal Normal Normal Normal
8 None Normal Normal Normal Normal
9 None Normal Normal Normal Normal
10 None Normal X,A X,A X,A
11 LAD prox 40% Normal Normal Normal Normal
12 None Normal Normal Normal Normal
13 CABG RCA dist 70%, CABG Cx 100% I,L I,L I,L I,L
14 LAD prox 40%, LAD mid 40% Normal Normal Normal Normal
15 None Normal Normal Normal Normal
16 None Normal Normal Normal Normal
17 D1 40% Normal I,S I,S I,S
18 None Normal Normal I,A I
19 None Normal Normal Normal Normal
20 None Normal Normal Normal Normal
21 LAD mid 50–60% Normal I I I
22 None Normal Normal Normal Normal
23 LAD mid 50–60% Normal Normal Normal Normal
24 None Normal A A A
25 None Normal Normal Normal Normal

Patient 2 aborted investigational MPI. In patient 1 apical defect at investigational MPI was seen in retrospect (see Fig. 4)
N/A not applicable, LAD left anterior descending, CABG coronary artery bypass graft, RCA right coronary artery, Cx circumflex artery,
D1 1st diagonal branch, LIR luminal irregularities, A anterior, I inferior, S septal, X apex, L lateral
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The combination of morphologic and functional
imaging with MPI and invasive coronary catheteriza-
tion is an essential component of current practice. Once
a stenosis is categorized as significant at MPI, patients
may be referred for an interventional procedure.
Frequently, patients may undergo coronary catheteriza-
tion twice with all risks related to an invasive
procedure. More recent approaches suggest the use of
cCTA for stenosis detection instead of invasive coro-
nary catheterization. For image interpretation, a side-
by-side analysis of studies has been shown to be useful
in the detection of hemodynamically relevant coronary
artery stenosis [30]. However, in order to optimize the
clinical value of these modalities, integration of anatomic
with hemodynamic information is desirable—most intui-
tively displayed by 3D image fusion. Gaemperli at al.
[20] demonstrated that in one third of patients under-
going combined MPI SPECT and CTA, fused images
provided added diagnostic information about the pathophy-
siologic lesion severity in comparison to isolated analysis.
These results are in agreement with a previously reported
evaluation of a hybrid device with improvement of both
specificity and positive predictive value [10]. In our
small cohort one additional patient with a significant
stenosis and perfusion defect was identified at image
fusion.

There are several limitations of this study. The
investigation was designed as a feasibility study evaluating
an investigational integrated CT/SPECT system. Patients
were consecutively enrolled in the study regardless of
their likelihood of having coronary disease. This re-
sulted in a large number of “normals” at both CTA and
MPI.

Two patients had prior coronary artery bypass grafts
with limited stenosis evaluation at the distal anastomo-
sis. Also, blooming artefacts from metallic stent struts
(seven patients) interfered with the assessment of in-
stent stenosis.

cCTA results were not routinely confirmed by invasive
coronary catheterization as the reference standard in the
great majority of patients; invasive coronary catheteriza-
tion was only performed in four patients. Furthermore,
MPI rest imaging was not performed in the research setting
but will be part of the workup if hybrid imaging
emerges as a routine examination. Potential decay of
sestamibi between clinical and research imaging can be
neglected since the research data acquisition began
30 min after the completion of the clinical study. Decay-
corrected biological half-life for sestamibi has been

shown to be 680±45 min and 1,045±56 min for normal
and ischemic myocardium, respectively [39].

Despite these limitations a decrease of the incidence
of false positive MPI findings can be expected by an
integrated assessment since only half of the patients
with perfusion defects had significant stenosis. Sec-
ondly, there might be findings beyond a “normal” MPI
study. In four patients who were normal at MPI
noncalcified plaque was found on cCTA. Three out of
19 patients with normal perfusion on MPI had other
findings including myocardial bridging, granulomatous
lung disease, and incidental pulmonary nodules.

One may hypothesize that the combination of
stenosis detection and evaluation of perfusion enabled
by the hybrid CT/SPECT may facilitate a more
comprehensive assessment of coronary heart disease
in a safe and less time-consuming manner than with
stand-alone modalities. Information about lesion mor-
phology at CTA (e.g., length of stenosis, amount and
character of calcification-eccentric, calcified, noncalci-
fied, exact localization of bypass graft ostia) may aid
in planning percutaneous intervention. It may also be
expected that combined imaging could be of value to
correctly identify the culprit vessel in cases of
nonstandard coronary anatomy.

Moreover, both a negative cCTA study and a negative
MPI study may further increase the negative predictive
value for the exclusion of coronary artery disease by
noninvasive methods.

Attenuation correction techniques represent a signif-
icant advance in myocardial perfusion imaging and
were used in this study. With the hybrid imaging
system, attenuation correction can be performed using
the calcium scoring examination with minimal effort
[40]. The advantage of a hybrid system over stand-
alone instruments must be evaluated in further studies.
However, it can be hypothesized that a hybrid system
promises faster (one location) and more accurate evalua-
tion of CAD as no repositioning of the patient is required
and attenuation correction can be accomplished via
calcium scoring with immediate implementation in the
SPECT imaging component, and images can be directly
combined during display and analysis without the need
for complex image fusion algorithms.

In conclusion, the combined assessment of coronary
anatomy and myocardial perfusion with a hybrid CT/
SPECT system with 3D image fusion is feasible and may
facilitate the detection of coronary artery lesions, thus
improving the accuracy of CAD diagnosis.
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