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Combined Supine and Prone Myocardial Perfusion
Single-Photon Emission Computed Tomography
With a Cadmium Zinc Telluride Camera for
Detection of Coronary Artery Disease
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Akiyoshi Ogimoto, MD, PhD; Jitsuo Higaki, MD, PhD; Teruhito Mochizuki, MD PhD

Background: Myocardial perfusion SPECT (MPS) traditionally requires the patient to be in the supine position, but
diaphragmatic attenuation of the inferior wall reduces test specificity. The aim of this study was to assess the feasi-
bility of combined MPS in the supine and prone positions using a novel cadmium zinc telluride (CZT) camera.

Methods and Results: A total of 276 consecutive patients with suspected/known coronary artery disease (CAD) who
underwent single-day ™ Tc-tetrofosmin or ™ Tc-sestamibi stress/rest CZT SPECT, were enrolled in the study. Seventy-
six underwent coronary angiography. Five-minute scan in the supine (S) position and thereafter in the prone (P) posi-
tion produced images that were visually interpreted to obtain summed stress (SSS) and rest (SRS) scores. A com-
bined stress score (C-SSS) was calculated by grouping anterior perfusion defects observed during supine imaging with
inferior half segments observed during prone imaging. The SSS for the supine, prone, and combined protocols were
918, 748, and 718, respectively (P<0.0001). The SRS were 518, 417, and 617, respectively (P=0.005). The area under
the ROC curve for the S-SSS, P-SSS, and C-SSS scores was 0.815 (95% Cl: 0.713-0.917), 0.813 (0.711-0.914), and
0.872 (0.783-0.961), respectively. Corresponding sensitivities and specificities for detecting CAD were 87% and 50%,
80% and 77%, and 85% and 82%, respectively. C-SSS had significantly better specificity and accuracy than S-SSS
(P<0.05).

Conclusions: Combined imaging with a CZT camera is suitable for routine clinical MPS and provides greater diagnos-
tic accuracy than supine imaging alone. (Circ J 2014; 78: 1169—-1175)
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yocardial perfusion single-photon emission comput-

M ed tomography (MPS) is the most common non-
invasive imaging technique for risk assessment and

treatment selection among patients with coronary artery dis-
ease (CAD). It has traditionally been performed with patients
in the supine position, but the resulting images often include
diaphragmatic attenuation of the inferior wall, causing false-
positive inferior wall defects that reduce test specificity. Segall
et al initially described MPS with data acquisition in the prone
position.!? Subsequently, several studies with 29T or ®™Tc-
sestamibi MPS showed that imaging acquisition in the prone
position improved the specificity for evaluating inferior wall
abnormalities by minimizing diaphragmatic attenuation.3-¢

These studies, however, used conventional Anger cameras,
which have significant technological limitations, including a
greater period required for image acquisition, and complicated
protocols.

Recently, a novel ultrafast gamma camera — the Discovery
NMS530c (GE Healthcare, Haifa, Israel) — has been developed.
This camera is based on a multi-pinhole design and has cadmium
zinc telluride (CZT) solid-state detectors.” The CZT camera has
greater photon sensitivity and spatial resolution than the con-
ventional Anger camera.?!2 In consequence, it can reduce the
MPS acquisition time by up to one-fifth.!3 Shorter image ac-
quisition times may be suitable for combined supine and prone
imaging, but no comprehensive study has focused only on com-
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Figure 1. Assignment of myocardial regions in a 17-segment model for the interpretation of single-photon emission computed
tomography (SPECT) images. A combined stress score was calculated by grouping the anterior defects observed during supine
imaging (white) with inferior half segments (blue) observed during prone imaging. The inferior half segments correspond to seg-
ments 3-5, 9-11, and 15. To match the results with coronary angiograms, segments 3, 4, 9, 10, and 15 were grouped into the right
coronary artery territory, segments 5, 6, 11, 12, and 16 into the left circumflex artery territory and all other segments into the left
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paring these imaging positions. Therefore, the aim of this study
was to assess the feasibility of CZT single-photon emission
computed tomography (SPECT) performed in both the supine
and prone positions and to compare the diagnostic accuracy
with that of invasive coronary angiography (CAG).

Methods

Patients

We enrolled 276 consecutive patients with suspected or known
stable CAD who were referred for pharmacological stress/rest
MPS. All patients underwent single-day **™Tc-tetrofosmin or
99mTc-sestamibi stress/rest MPS with a CZT camera. A total
of 270 patients underwent CZT SPECT in both the supine and
prone positions; imaging in the prone position was not possible
for 6 patients who had a chest tube or some form of palsy, and
these patients were hence excluded from the study. A subgroup
of 76 patients (46 men and 30 women) underwent invasive CAG
for clinical reasons within 3 months of MPS. None experienced
a myocardial infarction or required revascularization in the in-
terval between the MPS and CAG. The exclusion criteria for the
present study were as follows: (1) acute myocardial infarction;
(2) unstable angina; (3) history of previous coronary artery by-
pass grafting; (4) myocardial revascularization 60 days before
MPS; (5) atrioventricular block greater than the first degree; (6)
non-ischemic cardiomyopathy; (7) known history of bronchial
asthma; and (8) valvular heart diseases. The study was approved
by the Ethics Committee of Ehime University (No. 1212003),
and all patients provided informed consent.

Study Protocol

The patients underwent stress/rest electrocardiogram (ECG)-
gated CZT SPECT with a single-day protocol. They were in-
structed to refrain from consuming beverages containing caf-
feine for at least 24 h before the test. ™ Tc-tetrofosmin (n=179)
or PmTc-sestamibi (n=97) stress/rest SPECT was performed
in both the supine and prone positions using a CZT camera
(Discovery NM 530c; GE Healthcare). Pharmacological stress
was induced with adenosine triphosphate disodium (ATP) in-

fused at a rate of 160 ug-kg~'-min~! over 5Smin.'*15 After 3 min
of ATP infusion, *™Tc-tetrofosmin (n=175) or *™Tc-sestamibi
(n=95) was injected at a dose ranging from 296 to 370 MBq and
imaging was started 60 min later. Five-minute data acquisition
was performed first in the supine position and immediately
thereafter in the prone position using the CZT gamma camera.
Four hours later, resting CZT SPECT was performed via an
identical acquisition protocol 90min after the injection of
740MBq *™Tc myocardial perfusion agents. Images were re-
oriented into short-axis and vertical and horizontal long-axis
slices and were also displayed in a polar plot format using stan-
dard software (QPS, Los Angeles, CA, USA).'® The estimated
total radiation exposure with this protocol was 4.86-9.58 mSv.
The effective dose was determined based on data in ICRP pub-
lications 80 and 106.17-18

Acquisition and Reconstruction of CZT SPECT

The CZT camera is equipped with a multiple-pinhole collima-
tor and 19 stationary CZT detectors, simultaneously imaging
19 cardiac views. Each detector contains 32x32 pixilated 5-mm-
thick (2.46x2.46 mm) elements. System design enables imaging
of a 3-D volume imaged simultaneously by all detectors. Patients
were imaged in the supine position with arms placed over the
head. List files were acquired and stored.

All SPECT images were reconstructed on a standard work-
station (Xeleris Ver. 3.0; GE Healthcare) using a commercially
available dedicated software package (Myovation for Alcyone;
GE Healthcare) with an iterative algorithm based on integrated
collimator geometry modeling, using maximum likelihood it-
erative reconstruction to obtain perfusion images in standard
axes as previously reported.® In brief, 40 and 50 iterations of the
algorithm were used for reconstruction of the stress and rest
datasets, respectively. A Butterworth post-processing filter was
applied (cut-off frequency, 0.37 cycle/cm; order, 7) to the re-
constructed slices. Images were reconstructed without attenu-
ation correction.

Image Quality Analysis
A quality assessment of both the stress and rest SPECT im-
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ages was performed by visually grading each image using a
4-point scale, as follows: 1, poor; 2, fair; 3, good; or 4, excellent.
Visualization, myocardial count density and uniformity, and
endocardial and epicardial edge definitions were considered.
Moreover, the degree of extra-cardiac radioactivity was assessed
using a 3-point scale: 1, no extra-cardiac activity in the field
of view or minor activity not adjacent to the myocardium; 2,
minor extra-cardiac activity adjacent to the myocardium; and 3,
moderate—severe extra-cardiac activity interfering with inter-
pretation. Two experienced nuclear cardiology physicians who
were blinded to the coronary anatomy and clinical results inde-
pendently performed the qualitative analysis. Their scores for
image quality and extra-cardiac activity were compared and if
any difference was noted the worse score (lower score for qual-
ity and higher score for extra-cardiac activity) was applied.

Image Interpretation and Quantitative Analysis

The stress and rest perfusion CZT SPECT images were also
semi-quantitatively scored using a 17-segment model'? of the
left ventricle (LV) and a 5-point scale (0, normal; 1, mildly re-
duced; 2, moderately reduced; 3, severely reduced; and 4, ab-
sent). The summed stress score (SSS) and summed rest score
(SRS) were calculated by adding the scores for the 17 segments
in the stress and rest images, respectively. In addition, a com-
bined stress score was calculated by grouping anterior defects
observed during supine imaging with inferior half segments
observed during prone imaging (Figure 1). SSS <4 was con-
sidered normal; a score between 4 and 8 mildly abnormal; a
score between 9 and 11 moderately abnormal; and a score >11
severely abnormal. To match the results with coronary angio-
grams, the 17 segments were grouped into the territories of the
3 main coronary arteries, as previously described:? left anterior
descending artery (LAD), left circumflex artery (LCx) and right
coronary artery (RCA). Thus, a regional SSS score could be
calculated. Quantitative analysis was performed using MPI polar
maps and the 17-segment model of the LV; uptake was normal-
ized to 100% peak activity and the relative myocardial uptake
(percent of maximum myocardial uptake) was assessed for each
segment. In addition, LV volume and ejection fraction (EF) were
measured after stress and at rest using previously validated
software.?

Normal Database Group

Sex-specific normal perfusion files for supine and prone posi-
tion acquisitions by CZT SPECT were derived from a group
of 30 patients (15 female, 15 male) from the NIPPON DATA
80 study who had a low likelihood (LLk) of CAD (<5%) based
on sex, age, systolic blood pressure (SBP), serum total choles-
terol, serum glucose and smoking habit at the time of MPS.*!
Nine patients had normal coronary arteries. No patients in that
group had diabetes mellitus, hypertension, hypercholesterol-
emia, or a smoking habit. Furthermore, all had normal stress
and rest MPS images (segmental summed score <2).

CAG Analysis

Selective conventional CAG was performed using 5-Fr cathe-
ters. The angiograms were interpreted by 2 experienced cardi-
ologists who were blinded to any other results. Identification of
the coronary tree was based on a standard 15-coronary-segment
model. Quantitative angiographic analysis was performed using
the most severe, well-defined lesion in each segment via the
digital caliper method. Significant stenosis was defined as a
reduction in diameter >70%, except for the left main trunk, for
which stenosis was defined as reduction >50%. If multiple ab-
normal segments were observed in an artery, the vessel was

Table 1. Clinical Subject Characteristics

Characteristic All patients CAG patients

No. patients 270 76
Male 171 (63) 46 (60.5)
Age (years) 69+11 719
BMI (kg/m?) 24.3+3.9 24.5+3.9
CV risk factors
Smoking 124 (45.9) 36 (47.4)
Diabetes mellitus 112 (41.5) 25 (32.9)
Hypertension 187 (69.2) 51 (67.1)
Dyslipidemia 119 (44.1) 36 (47.4)
Positive family history 48 (17.8) 17 (22.4)
Clinical symptoms
Typical angina pectoris 78 (28.9) 10 (13.2)
Atypical chest pain 42 (15.6) 11 (14.5)
Dyspnea 26 (9.6) 8(10.5)
Previous cardiac events
Previous Ml 35 (13.0) 9(11.8)
PCI 57 (21.1) 27 (35.6)

Data given as mean=SD or n (%).

BMI, body mass index; CAG, coronary angiography; CV, cardio-
vascular; MI, myocardial infarction; PCI, percutaneous coronary
intervention.

classified according to the status of the worst segment. Stenosis
of the left main trunk was classified as double-vessel disease
with stenosis in both the LAD and LCx.

Statistical Analysis

Continuous variables are presented as mean+SD. Where indi-
cated, differences were assessed using Student’s t-test for paired
data and by 1-way repeated measures analysis of variance for
3 variables. Intra- and interobserver variability were measured
using percent agreement and kappa values. Accuracy in the
detection of coronary stenosis was assessed in terms of the area
under the receiver operating characteristic (ROC) curve (AUC).
The optimal cut-off points were determined to be those yielding
minimal values for (1-sensitivity)?+0.95x(1-specificity)>. P<0.05
was defined as indicative of statistical significance. The sensi-
tivity and specificity of the different acquisition techniques were
compared using paired McNemar test. Analysis was done using
SPSS version 21 (SPSS, Chicago, IL, USA) and JMP 9 (SAS
Institute, Cary, NC, USA).

Results

Patient Characteristics

Clinical characteristics of the entire patient group and of the pa-
tients who underwent CAG are given in Table 1. The mean age
was 69111 years and mean body mass index was 24.3+3.9kg/m>.
Patients were referred for MPS for the following reasons: sus-
pected CAD (n=136, 50.3%), follow-up of known CAD (n=116,
43.0%), and preoperative risk assessment before major non-
cardiac surgery (n=18, 6.7%). Seventy-eight (28.9%) of the
present patients had typical angina, 42 patients (15.6%) had
atypical angina and 26 (9.6%) had dyspnea. Previous myocar-
dial infarction was present in 35 patients (13.0%), and 57
(21.1%) had undergone revascularization by means of coro-
nary angioplasty.
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Figure 2. (A) Cadmium zinc telluride (CZT) single-photon
emission computed tomography (SPECT) images from a
70-year-old man with typical chest pain. Post-stress images
are displayed in a (Top) supine and (Middle) prone position
in 3 short-axis views as well as in vertical and horizontal long-
axis views and (Bottom) bull's eye maps. Reduced uptake of
the radiotracer in the inferior wall is shown in the supine im-
ages, but no significant defect is visible in the prone images.
Subsequent coronary angiogram indicated no significant ste-
nosis. (B) CZT SPECT images from a 58-year-old man with
chest pain on exertion whose subsequent coronary angio-
gram showed occlusions of the proximal right coronary artery
and severe stenosis of the proximal left anterior descending
artery. The supine tomography slices show subphrenic organ
activity adjacent to the heart. (Bottom, Left) The subphrenic
organ activity is back-projected onto the heart and is included
in the polar map as myocardial activity. Imaging in the prone
position, which moves the subphrenic organ further away from
the heart, clearly shows the inferoposterior perfusion defect.

Figure 3. (A) Polar maps for stress 9mTc myocardial perfu-
sion images derived from men (n=15) and women (n=15) with
a low likelihood of coronary artery disease. (Top) Stress polar
maps in men: (Left) supine and (Right) prone. (Bottom) Cor-
responding female polar maps. (B) Average myocardial up-
take in the (Left) supine and (Right) prone positions among
(Top) men and (Bottom) women. Bold, significant difference

between the supine and prone images (P<0.05).

Hemodynamic Response to ATP

ATP is a precursor of adenosine and its hyperemic effect is
thought to be equivalent to its degradation product, adenos-
ine.'L12 In all patients, ATP infusion caused some increase in
heart rate and some decrease in SBP and diastolic BP (DBP).
The baseline heart rate was significantly increased from
65.2+10.5 beats/min to 75.0+11.9 beats/min during ATP infu-
sion (P<0.0001). Baseline SBP was significantly decreased from
159.4+22 . 5mmHg to 143.2+23.8 mmHg (P<0.0001), and base-
line DBP was significantly decreased from 76.5+10.7 mmHg to
69.4x12.6mmHg (P<0.0001). All symptoms and hemodynamic
changes were tolerated and disappeared within 1-2 min after
discontinuation of ATP infusion. No severe adverse events were
observed during pharmacological stress induction.

Image Quality
Stress supine images were graded as good or excellent in 263

Circulation Journal

of the 270 patients (97.4%), and stress prone images as good
or excellent in 269 (99.6%; P=NS). Resting supine images were
graded as good or excellent in 267 of the 270 patients (98.9%),
and rest prone images as good or excellent in 269 (99.6%).
The intra- and interobserver variability was 91% (kappa, 0.85;
95% confidence interval [CI]: 0.70-0.95%) and 85% (kappa,
0.76; 95% CI: 0.72-0.9), respectively. The mean grade for the
stress prone images was significantly greater than that for the
stress supine images (3.7310.51 vs. 3.8940.32, P<0.001). In ad-
dition, the mean grade for the rest prone images was signifi-
cantly greater than that for the rest supine images (3.8410.40
vs. 3.9440.25, P<0.001). In 7 cases, supine images showed re-
duced uptake of the radiotracer in the inferior wall, while no
significant defect was visible in the prone images (Figure 2A).

Only 2 patients in the entire prone examinations received an
extra-cardiac activity grade of 3 (Figure 2B). In all, 21 patients
(8%) received an extra-cardiac grade of 2 for the rest prone
images compared with 56 (21%) for the rest supine images.
Extra-cardiac activity was significantly less commonly observed
in the stress prone vs. supine images (1.1010.32 vs. 1.32+0.57,
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Table 2. Coronary Angiography Findings (n=76) 10 —
Parameter No. patients
Maximum stenosis >70% 54 )/
Maximum stenosis <70% 22 08 /
Stenotic coronary arteries
Single-vessel disease 26 /
Double-vessel disease 21
) ' 2 06 1
Triple-vessel disease 7 2
Left main 6 2 |
Left anterior descending 34 5
Left circumflex 32 04 /
Right coronary 23
Ve — S-8SS
0.2 1 P-SSS
P<0.001) as well as in the rest prone vs. supine images C-SSS
(1.0540.23 vs. 1.20+0.45, P<0.001). Sex, weight, and the per-
fusion agents used had no significant effects on image quality 56 . : : -
(data not shown). 00 02 0.4 06 0.8 1.0
1 - Specificity

Mean Myocardial Perfusion

In Figure 3A, the average count distributions derived from 15
men and 15 women with an LLk of CAD are presented using
a polar map display. In Figure 3B, mean count distributions
are shown using a 17-segment model. The ranges of segmen-
tal average deviations in supine and prone men were 3.7-6.7%
and 3.1-7.6% for LAD, 4.5-8.5% and 3.7-7.4% for LCX, and
4.5-8.5% and 3.3-9.3% for RCA, respectively. Those in women
were 4.0-10.2% and 4.4-12.1% for LAD, 5.7-10.9% and
5.0-11.6% for LCX, and 5.0-10.0% and 4.3-12.3% for RCA,
respectively. The average myocardial uptake differed signifi-
cantly between the supine and prone positions in 9 of the 17
segments in both men and women (P<0.05). Segmental differ-
ences between the supine and prone images were noted pre-
dominantly in the inferior and proximal distributions in both
male and female subjects (Figure 3).

Coronary Anatomy

Of the 76 patients who underwent CAG, 22 (29%) had normal
coronary arteries (Table 2) and 26 (34%), 21 (28%) and 7 (9%)
had 1-, 2- and 3-vessel disease, respectively. Regarding the dis-
tribution of significant stenoses, we observed 6, 34, 32, and 23
left main, LAD, LCx, and RCA Ilesions, respectively.

Image Interpretation and Correlation With CAG
Stress supine images were graded as “normal”, “mildly abnor-
mal”, “moderately abnormal” and “severely abnormal” in 21, 31,
9, and 15 of the 76 patients. The intra- and interobserver vari-
ability was 89% (kappa, 0.85; 95% CI: 0.75-0.95%) and 80%
(kappa, 0.72; 95% CI: 0.68-0.84), respectively.

The SSS for the supine (S-SSS), prone (P-SSS) and combined
supine and prone (C-SSS) positions was 918 (range, 0-34), 718
(range, 0-29), and 7£8 (range, 0-29), respectively (P<0.0001).
The SRS for the supine, prone, and combined supine and prone
positions was 518 (range, 0-29), 417 (range, 0-27), and 617
(range, 0-24), respectively (P=0.005). The ROC curves for the
detection of CAD by SSS measures derived from supine and
prone vs. combined supine and prone datasets are shown in
Figure 4. The AUC for the S-SSS, P-SSS, and C-SSS were
0.815 (95% CI: 0.713-0.917); 0.813 (95% CI: 0.711-0.914);
and 0.872 (95% CI: 0.783-0.961), respectively. Thus, the AUC
for C-SSS was greater than that for S-SSS or P-SSS (X>=1.60,
P=0.21; or X?=1.32, P=0.25, respectively).

As shown in Figure 5, using an SSS cut-off value of >3.5,

Figure 4. Receiver operating characteristic curves for the
detection of coronary artery disease on summed stress
scores (SSS) for the supine (S-SSS), prone (P-SSS) and com-
bined supine and prone (C-SSS) positions in the angiography

group (n=76).

the sensitivities for the detection of CAD of the S-SSS, P-SSS,
and C-SSS were 78%, 80%, and 85%, respectively (P=NS).
The corresponding specificities were 50%, 77%, and 82%. The
accuracy of S-SSS, P-SSS, and C-SSS was 76%, 78%, and 85%,
respectively. The specificity of C-SSS was significantly better
than that of S-SSS (P=0.021). Consequently, the accuracy of
C-SSS was also significantly better than that of S-SSS (P=0.035).

Per-Vessel Analysis

On a per-vessel basis, using SSS >2 for the detection of signifi-
cant stenosis, the sensitivity and specificity of the supine images
were 70% and 63% compared with 72% and 71% for the prone
images, and 65% and 71% for the combined supine and prone
images. The sensitivity was relatively unchanged among S-SSS,
P-SSS, and C-SSS (not significant), but the specificity was sig-
nificantly different between S-SSS and C-SSS (P=0.027). The
sensitivity and specificity of the combined supine and prone
images were 52.9% and 81.0% for LAD, 71.9% and 65.9% for
LCX, and 73.9% and 67.9% for RCA, respectively.

LV Volumes and EF

In the resting examination, the end-diastolic volume was
91.2+33.2ml during supine imaging, which was significantly
larger than the 86.3+32.7ml observed during prone imaging
(P=0.001). The end-systolic volumes were 39.0+29.1 ml and
37.6128.5ml, respectively (P=NS). EF was 62.71£12.8% during
supine imaging, which was greater than the 61.3+14.0% ob-
served during prone imaging.

In the stress examination, the end-diastolic volume was
92.8133.1 ml during supine imaging, which was significantly
larger than the 89.1+32.9ml observed during prone imaging
(P=0.034). The end-systolic volume was 43.1+31.0ml vs.
40.3129.3ml (P=NS), and the EF 59.6+13.5% vs. 59.1+13.5%,
respectively (P=NS).
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Figure 5. Sensitivities, specificities and
accuracies of coronary artery disease
20 detection in the angiography group
(n=76). C-SSS, summed stress score
for the combined prone and supine
0 , positions; P-SSS, summed stress score
for the prone position; S-SSS, summed
Sensitivity Specificity Accuracy stress score for the supine position.
. - the combined acquisition protocol without any serious com-
Discussion q P Y

To the best of our knowledge, this is the first study to use the
novel CZT camera in conjunction with combined supine and
prone imaging for the detection of hemodynamically significant
CAD and to compare its diagnostic accuracy with that of CAG.
We confirmed the good image quality of both supine and prone
CZT SPECT and noted that the sensitivity, specificity, and
accuracy for the detection of CAD were 85%, 82%, and 85%,
respectively, with the combined supine and prone approach. In
7 out of 76 patients (9.2%), reduced uptake of the radiotracer
by the inferior wall was seen in the supine images, but no sig-
nificant defect was visible in the prone images. This was the
major reason for the combined supine and prone imaging hav-
ing significantly better specificity than supine or prone imaging
alone. For individual coronary territories, we noted a sensitiv-
ity and specificity of 65% and 71%, respectively. The results
are similar to those found in previous studies that have used
the conventional Anger camera.??

Recently, using another type of CZT gamma camera, the
D-SPECT (Spectrum Dynamics, Caesarea, Israel), Nakazato
et al introduced a combined upright and supine imaging pro-
tocol and reported that this protocol has good diagnostic accu-
racy for detecting CAD.?} Prone imaging is not possible with
the D-SPECT system and there may be some difference between
prone and upright acquisition. They also stated that the exact
mechanism by which the test performance was improved by
combining the supine and upright positions was not clear and
warranted further investigation.?

Feasibility of Combined Image Acquisition Using CZT Camera
Combined supine and prone MPS using conventional
Anger cameras is time-consuming, because it requires at least
30-40min. Therefore, the approach is not widely used.?* Com-
pared with conventional Anger cameras, combined acquisition
using the novel CZT cameras may be more practical because
the imaging times are much shorter. In the present protocol using
the Discovery NM530c, the mean time required for reposition-
ing a patient is 32 min. Accordingly, the total acquisition time
of combined supine and prone imaging was a maximum of
15 min, which may be acceptable for almost all patients. In fact,
270 of the 276 patients (97.8%) in the present series completed

plaint.

Another concern about prone imaging with conventional
Anger cameras is that it results in slightly lower total myocar-
dial photon count compared with supine imaging, most likely
due to the increase in the camera-to-chest wall distance. Kiat
et al reported that the mean distance is 16.3+2.9 cm for prone
imaging compared with 13.5+4.1 cm for supine imaging with
the conventional Anger camera.* We found that with the Discov-
ery NM530c the distance was 2.5+0.6 cm for the supine posi-
tion and 7.121.2 cm for the prone position. In addition, we found
that the end-diastolic volume as well as the LVEF was signifi-
cantly larger during supine compared with prone imaging via
a wall motion assessment from gated CZT SPECT. This may
be due to the close distance between the anterior chest wall and
the imaging table in the prone position. A possible drawback
is the fact that prone images are acquired through the imaging
table (1.5 cm in width), which may elicit attenuation and scat-
tered radiations and impair image quality. Nevertheless, image
quality analysis confirmed that the quality of prone images was
similar to that of supine images.

Advantages of Combined Image Acquisition

We found that extra-cardiac activity was significantly less fre-
quently observed in CZT SPECT images acquired in the prone
position compared with the supine position. Consequently, the
overall quality of prone imaging was significantly greater than
that of supine imaging. We also derived normal perfusion polar
maps for CZT SPECT in both the supine and prone positions
from 15 men and 15 women with an LLk of CAD. The average
myocardial uptake differed significantly between the supine and
prone CZT SPECT and the differences were noted predomi-
nantly in the inferior and proximal distributions in both male
and female subjects.

In previous studies performed using conventional Anger cam-
eras, the prone position has been shown to reduce diaphrag-
matic attenuation.'-¢ The reduction in attenuation is considered
to be due to a downward displacement of the diaphragm and
subphrenic organs, such as the liver or intestine, and an upward
displacement of the heart, which increases the distance between
the inferior wall of the LV and diaphragm in the prone posi-
tion.>5 The present CZT SPECT observations are consistent
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with these previous findings.

Prone acquisition, however, has been reported to produce
artifactual anteroseptal defects, which are thought to be due to
the closer position of the heart to the bony structures of the
anterior chest wall.* We also found artifactual anterior defects
in 5 of the 76 patients (6.6%) who underwent CAG. We there-
fore developed a combined defect score that was calculated by
grouping the anterior defects observed during supine imaging
with inferior half segments observed during prone imaging.
Using the combined defect score, artifactual anterior defects on
the prone images and inferoposterior to lateral defects on the
supine images can be attenuated. Consequently, the AUC of
combined supine and prone imaging was greater than that for
supine or prone imaging alone. Finally, combined supine and
prone CZT SPECT yielded significant gains in specificity and
accuracy compared with supine imaging alone despite the ab-
sence of any attenuation correction.

Study Limitations

The study was limited by the fact that the assessments were
performed at a single site. The study group consisted of con-
secutive patients referred by physicians, and only a subgroup
underwent CAG. The use of stress MPS as a clinical gatekeeper
for catheterization means that most patients referred for CAG
have abnormal myocardial perfusion. This referral bias results in
a selection bias and may result in a lower sensitivity and spec-
ificity for supine imaging, but it does reflect the actual clinical
situation.

All images were analyzed visually using 4-mm-thick short
axis slices other than polar maps to obtain the SSS and SRS
scores. Given that the database was created from data from a
relatively small number of patients, we could not use automatic
calculation software for the combined supine and prone images.
We intend to calculate scores automatically in a future project.

Conclusions

Combined supine and prone SPECT acquisition with a novel
CZT camera is a practical means of reducing the false-positive
rate associated with supine image acquisition, and has high di-
agnostic accuracy for detecting clinically significant CAD com-
pared with CAG. This is a simple modification that is easy to
perform and acceptable to almost all patients. Moreover, it does
not lengthen the time of image acquisition or increase radia-
tion exposure.
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