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This study investigated the validity of myocardial 18F-fluorodeoxy-
glucose (FDG) imaging with a dual-head gamma camera oper
ated in coincidence detection mode (DCD-I) by comparing this
technique with conventional PET and SPECT with ultra-high-
energy general-purpose collimators (UHGPs). Methods: The
subjects included 5 healthy volunteers and 20 patients with a
history of myocardial infarction. FDG (370 MBq) was injected
intravenously after 75-g oral glucose loading, and PET, UHGP
SPECT and DCD-I were performed 45, 60 and 210 min, respec
tively, after the injection. The target-to-background ratio of each

imaging method was evaluated for the healthy volunteers by
comparing myocardial uptake with uptake in the upper lungs or
left ventricular cavity. Agreement between the results of the
various imaging methods was investigated for the myocardial
infarction patients, as was the validity of DCD-I for assessing
myocardial viability as judged by comparison with myocardial
perfusion SPECT. The left ventricular wall was divided into 18
regions, and uptake was evaluated using a five-grade defect
score (0 = normal; 1-3 = low uptake; 4 = defect). Results: The
mean ratio of myocardial counts to lung counts was lower on the
DCD images (2.77 Â±1.12) than on the UHGP SPECT images
(3.69 Â± 0.98) (P < 0.05). In contrast, the mean ratio of
myocardial counts to left ventricular cavity counts was higher on
the DCD images (2.76 Â±1.36) than on the UHGP SPECT images
(1.98 Â±0.70) (P < 0.05). For the patients, only 30.6% of the
defect scores obtained by DCD-I agreed with the scores obtained
by PET, and the defect scores in the inferior and septal walls were
higher for the DCD images than for the PET images. When DCD-I

was compared with PET without attenuation correction (AC),
agreement improved to 58.3%. When corrected by a modified AC
method, DCD-I improved to 48.1%. Agreement between UHGP
SPECT and PET was 55.0%. Of the segments (64) for which the
defect score of the myocardial perfusion image was greater than
that for the FDG PET image, DCD-I without AC, DCD-I with AC

and UHGP SPECT allowed an accurate diagnosis in 12 (18.8%),
31 (48.4%) and 43 (67.2%), respectively. Conclusion: The
image quality of DCD-I is superior to that of UHGP SPECT.
However, because the effect of attenuation is marked, accurate
AC, by the transmission method, for example, is required to equal
the validity of PET.
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identification of viable myocardium in the infarcÃ¬area is
important to achieving revascularization in myocardial infarc
tion patients. l8F-fluorodeoxyglucose (FDG) imaging by

conventional PET has provided an accurate method of
differentiating reversibly ischemie myocardium from irrevers
ible scar tissue (1,2). However, clinical use of this technique
is limited by the high cost of PET systems and cyclotron
technology. Although myocardial viability has been assessed
through myocardial perfusion images obtained with 201T1or
99mTcagents and SPECT, this method often underestimates

viability (3,4).
Because of the relatively long physical half-life of 18F,

off-site production of FDG and subsequent transport to

satellite laboratories have recently been proposed. As a
result, myocardial FDG imaging with gamma cameras is
anticipated, and a SPECT camera equipped with ultra-high-
energy general-purpose collimators (UHGPs) has become
available (5-11). Many studies have shown excellent image

quality from FDG SPECT performed with UHGPs. How
ever, when myocardial FDG uptake is low, images obtained
with FDG SPECT are often of lower quality than are images
obtained with PET. We therefore decided to validate myocar
dial FDG imaging with a dual-head gamma camera operated
in coincidence detection mode (DCD imaging, or DCD-I),

which was expected to provide better image quality than
does UHGP SPECT (12-16).

MATERIALS AND METHODS

Myocardial infarction patients, healthy volunteers and a myocar
dial phantom with defects were examined with DCD-I, UHGP
SPECT and PET. The severity of the defects, target-to-background

ratio and agreement between the results obtained by these FDG
techniques were assessed with and without attenuation. The
myocardial infarction patients were also examined with 99mTc-
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tetrofosmin (TF) perfusion SPECT. Discordance between the
severity of defects seen on the TF SPECT and FDG images was
used as a marker of hypoperfused but viable myocardium. The
sensitivity and specificity of DCD-I and UHGP SPECT for

viability measurement were assessed by comparison with those of
PET, the gold standard.

Phantom Study
A myocardial phantom having three transmural defects, 1-cm

diameter each, in the lateral wall, inferior wall and septal wall was
used to investigate the ability of each technique to depict defects in
myocardial FDG uptake. The phantom represented a torso, and the
mediastinum and lungs were filled with air and cork, respectively.
The space corresponding to the myocardium was filled with 18.5
kBq/tnL FDG. Images were acquired with DCD-I, UHGP SPECT

and PET. Attenuation on PET images was corrected using the
transmission method; attenuation on DCD and UHGP SPECT
images was not corrected. Square regions of interest ([ROIs] 4X4
pixels) were set on the defect and in its vicinity on the lateral,
inferior and septal walls, and the ratio of the defect count to the
count in the vicinity was determined.

Subjects
The subjects were 5 healthy male volunteers and 20 patients ( 18

men, 2 women; mean age 64.1 Â± 9.1 y) with a history of
myocardial infarction more than 1 mo previously. Wall motion was
assessed by echocardiography in all subjects, and the left ventricu
lar ejection fraction was measured by the Teichholz method (17).
The study was approved by the ethics committee of Osaka
University Hospital, and all healthy volunteers and patients gave
informed consent.

Ftuorodeoxyglucose Imaging
Figure 1 shows the study protocol. PET was performed with a

whole-body camera (SET-2400W [Headtome V]; Shimadzu Medico
Co., Kyoto, Japan). The specifications were 63 contiguous trans-
axial slices 3.125 mm apart; in-plane and axial resolutions of 3.7

and 5 mm, respectively, full width at half maximum (FWHM); and
a sensitivity of 440 cpm/MBq/mL. A 75-gm dose of glucose was

orally administered 50 min before intravenous injection of FDG.
After positioning, transmission scanning for attenuation correction
(AC) was performed for 10 min with rotating 67Ge line sources.

Then, 370 MBq FDG were injected intravenously, and data
acquisition was started 45 min after the injection. Transaxial
tomographic FDG PET images (128 X 128 matrices) were
reconstructed from the emission data acquired over 10 min by
filtered backprojection using a ramp filter and a Butterworth
convolution filter. The images, with AC by transmission data or
without AC, were resliced into a series of short-axis and vertical
long-axis images.

The subjects underwent two additional FDG imaging modes

with a gamma camera (Vertex Plus MCD; ADAC Laboratories,
Milpitas, CA). One was performed using the SPECT mode and an
L-type dual-head detector equipped with UHGPs for 511 keV, and
the other was performed using DCD and a parallel dual-head

detector without UHGPs. UHGP SPECT was performed in 32
(16X2) steps over 180Â°(90 x 2) just after the PET acquisition (50
s per step). DCD-I was performed in 32 steps over 360Â°(180 X 2)

210 min after FDG injection (50 s per step), when the counts in the
field of view were reduced. DCD-I is not capable of operating as

great a number of counts as conventional PET. Workers at Osaka
University Medical School confirmed that when more than 1000
kcps (single photons) are in the field of view, the counts are
saturated and the images incorrect and that when 500-1000 kcps

(single photons) are in the field of view, the images are suitable
(unpublished data). The data were reconstructed by backprojection
into transaxial slices with a Butterworth filter (UHGP SPECT: 0.5
cycle/mm cutoff, order of 5.0; DCD-I: 0.45 cycle/mm cutoff, order
of 8.0) and resliced into a series of short-axis and vertical long-axis
images. With UHGP SPECT, in-plane resolution was 9.2 mm

FWHM with 64 x 64 matrices, and sensitivity was 15 cpm/
MBq/mL With DCD-I, in-plane resolution was 4.8 mm FWHM

with 128 X 128 matrices, and sensitivity was 160 cpm/MBq/mL.
The DCD-I data were also reconstructed with a modification of the

AC of Chang (18,19), in which the adsorption rate was considered
to be homogeneous throughout the body. Each projection pixel was
multiplied by a factor that was based on the attenuation coefficient
of 511 keV in water (0.095) and the length of the coincidence path.

Myocardial Perfusion SPECT
Myocardial perfusion SPECT with "Tc-TF (Nihon Mediphys-

ics, Hyogo, Japan) was performed within 2 wk of the FDG study on
all patients who had a history of myocardial infarction. ^Tc-TF

(370 MBq) was injected intravenously with the patient at rest, and
the images were obtained 30-60 min after the injection with a
three-head rotating gamma camera (GCA9300A/HG; Toshiba

Medico Co., Tokyo, Japan) equipped with UHGPs centered on the
141-KeV photopeak. Each image was reconstructed from projec
tion data acquired over a 360Â°elliptical orbit around each patient's
thorax, in 3Â°increments, for 60 s.

Data Analysis
The image data from the healthy volunteers were analyzed to

find the target-to-background ratio of each imaging method. Square

ROIs (4X4 pixels) were set on the upper lung, the left ventricular
cavity and the left ventricular myocardium (anterior, lateral,
inferior and septal walls, Fig. 2) at the midventricular level of the
short-axis image. The ratios of the myocardial counts to the lung

counts and of the myocardial counts to the left ventricular cavity
counts were determined as indicators of the target-to-background

ratio.

(210)Gluco

75goiseâ€¢al(10)r18F-FDG
370MBqj

(45)PET(10)UHGP(20)0

50 95110TransmissionJlDCD-I(30)T 260 (min)

FIGURE 1. 18F-fluorodeoxyglucose(FDG)
imaging protocol. FDG (370 MBq) was in
jected intravenously after 75-g oral glucose
loading, and conventional PET, SPECT with
ultra-high-energy general-purpose collima-
tors (UHGPs) and imaging with dual-head
gamma camera operated in coincidence
detection mode (DCD-I) were performed
45, 60 and 210 min, respectively, after
injection.
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FIGURE 2. ROIs for target-to-background ratio in healthy
volunteers. Square ROIs (4x4 pixels) were set on upper lung
(A); left ventricular cavity (B); and anterior (C), lateral (D), inferior
(E) and septal (F) walls of left ventricle.

The SPECT or PET images of the patients were divided into 18
segments for further analysis (Fig. 3). The short-axis images at the
midventricular level and low-ventricular level were divided into 8

segments each (4 anterior, 4 septal, 4 interior and 4 lateral), and the
apex on the midvertical long-axis image was divided into 2

segments. Segmental defects of FDG or TF uptake were indepen
dently scored visually by two experienced, masked observers using
a five-point system (0 = normal; 1 = mildly decreased uptake; 2 =
moderately decreased uptake; 3 = severely decreased uptake; 4 =
defect). Whenever the two observers' scores differed, a third

independent observer adjusted the score. The inter- and intraindi-

vidual reproducibility of this analysis was 80.2% and 87.2%,
respectively. When a segment had a defect score that was higher for
the perfusion image than for the FDG image, that segment was
defined as one for which the perfusion image underestimated the
amount of viable myocardium (20).

In addition, polar maps were made from the short-axis heart

images and divided into 24 segments (8 segments each in the
apical, middle and basal portions). Regional percentage uptake of
FDG in the segments on the polar map was measured using PET
with and without AC, DCD-1 with and without the modified AC of

FIGURE 3. Eighteen segments used for myocardial infarction
study. A = anterior; I = inferior; large L = midvertical long-axis
image; small L = lateral; S = septal; S-1 = short-axis image at
midventricle level; S-2 = short-axis image at low-ventricle level.

Chang (18,19) and UHGP SPECT, and the results of these
techniques were correlated.

Statistical Analysis
Data are presented as mean Â±SD. A paired Student t test was

used for statistical testing. Correlations were assessed by the
Pearson correlation coefficient and Fisher test, and agreement was
assessed by Bland-Altman plotting. Results for which P was <0.05

were considered statistically significant.

RESULTS

Phantom Study
Figure 4 shows the images of the myocardial phantom

with defects in the lateral, inferior and septal wall obtained
using PET with AC, DCD-I without AC and UHGP SPECT.

The DCD images were as sharp as the PET images.
However, the images of the inferoseptal wall obtained using
DCD-I were attenuated, and the defects in the inferior wall

and the septum were unclear. In addition, the shape of the
inferior wall in the DCD image seemed flat because of
attenuation. Anteroposterior dimensions of lung cancer
tumors have been reponed to be significantly larger on FDG
PET scans without AC than on FDG PET scans with AC
(27). The same phenomenon may make the septum and
lateral walls appear longer and the inferior wall appear flat.
In contrast, images obtained using UHGP SPECT are not
sharp and are more affected by a partial-volume effect.

Figure 5 shows the count ratio of the defect to the vicinity of
the phantom. The ratio on UHGP SPECT was nearly 1,
making differentiation of the defect difficult. However,
UHGP SPECT was not influenced by the attenuation.

A-l B-l C-l

A-2 B-2 C-2

O C O
A-3 B-3 C-3

O O
FIGURE 4. Images of myocardial phantom with defects in
lateral, inferior and septal walls obtained using PET with AC (A),
DCD-I without AC (B) and UHGP SPECT (C). 1 = vertical
long-axis Â¡mage;2 = basal short-axis image; 3 = apical short-
axis Â¡mage.
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PET DCD-I UHGP

FIGURE 5. Ratioof defectcountsto vicin
ity counts of phantom on PET, coincidence
detection mode imaging (DCD-I) and ultra-
high-energy general-purpose collimator
(UHGP) SPECT. White bar = lateral wall;
shaded bar = inferior wall; black bar =
septal wall.

Control Study

Table 1 summarizes the ratios of myocardial counts to
lung counts or left ventricular cavity counts for the healthy
volunteers. Both ratios were higher for the PET images than
for the DCD or UHGP SPECT images (P < 0.05). The ratio
of myocardial counts to lung counts was lower (P < 0.05)
for the DCD images (2.77 Â± 1.12) than for the UHGP
SPECT images (3.69 Â± 0.98). In contrast, the ratio of
myocardial counts to left ventricular cavity counts was
higher (P < 0.05) for the DCD images (2.76 Â±1.36) than
for the UHGP SPECT images (1.98 Â±0.70). These results
suggest that the background count of the DCD images was
as high as that of the UHGP SPECT images but that the
effect of scatter from the myocardium to the surrounding
area was less and the borderline was clearer.

Myocardial Infarction Study

Imaging was performed more than 1 mo after the onset of
myocardial infarction for all patients. In 4 patients the

TABLE 1
Mean Ratios (Â±SD)of Myocardial Counts to Lung Counts

and Left Ventricular Cavity Counts

PET DCD-I UHGP SPECT

Type of count with AC without AC without AC

Myocardium to
lung 44.15 Â±14.87* 2.77 Â±1.12t 3.69 Â±0.98

Myocardium to
left ventricular
cavity 7.04 Â±2.14* 2.76Â±1.36t 1.98 Â±0.70

*P < 0.05 vs DCD-I and UHGP SPECT.

tP< 0.05 vs UHGP SPECT.
AC = attenuation correction; DCD-I = coincidence detection mode

imaging; UHGP = ultra-high-energy general-purpose collimator.

infarction was in the region of the left anterior descending
artery (LAD): in the region of the first diagonal branch in 1,
the left circumflex artery (LCX) in 2, the right coronary
artery (RCA) in 5, the LAD and RCA in 3, the LAD and
LCX in 3 and all three vessels in 2. Four patients had
one-vessel disease; 4, two-vessel disease; and 12, three-

vessel disease. The left ventricular ejection fraction was less
than 40% in 7 of the 20 patients. Thirty vessels were
infarcted: 10 Q wave and 20 non-Q wave. Diabetes mellitus

had been diagnosed in 11 of the 20 patients.
In 3 patients (15%), the UHGP SPECT images were of

poor quality and the DCD images had a lower background
count than did the UHGP SPECT images. Two of these 3
patients had diabetes mellitus, and 1 of these 2 and the third
had poor left ventricular function with three-vessel infarc
tion. Good-quality images were acquired for the other

patients.
According to the scoring assessment, the defect scores

obtained using DCD-I without AC agreed well with those

obtained using PET for 110 (30.6%) of the 360 regions
(Table 2). The defect scores in the inferior and septal walls
were higher for the DCD images than for the PET images
(Fig. 6A). Because the suspicion was that this difference was
mainly caused by the attenuation of DCD-I, DCD-I without

AC was compared with PET without AC (Table 3). The
results showed that when AC was not performed for PET, the
difference between the inferior and the septal walls was
reduced (Fig. 6B) and agreement improved to 58.3% (210
regions). When DCD-I was corrected by the modified AC of

Chang (18,19), agreement with PET with AC improved to
48.1% (173 regions, Table 4, Fig. 6C). This method was not
sufficient, because the apex or inferior wall was sometimes
attenuated because of improper correction. However, the
defect score of UHGP SPECT agreed well with that of PET
with AC in 198 (55.0%) of 360 regions (Table 5), and the
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TABLE 2
Relationship Between DCD-I and PET

Defect scores
inPETwith

AC01234Defect

scores in
DCD-I withoutAC055212010125121070DCD-I

= coincidence detection mode

correction.243261563imaging;3211421184AC

=44213910attenuationAgreement

rate is 30.6%.

TABLE 3
Relationship Between DCD-I Without AC and PET

Without AC

defect score in the lateral wall and apex tended to be higher
than in the other regions (Fig. 6D). UHGP SPECT may agree
better with PET because the effect of scatter and the effect of
attenuation cancel out each other.

Figure 7 shows the relationship between regional FDG
uptake obtained by polar map analysis by PET and by
gamma camera imaging. Regional percentage uptake of
FDG found using PET correlated significantly with that
found using gamma camera imaging, and the agreement was
confirmed with Bland-Altman plotting. The correlation was
weaker between PET and DCD-I without AC (r = 0.162,
P = 0.001) than between PET and UHGP SPECT (r =

0.395, P < 0.0001). However, the correlation between PET
and DCD-I with the modified AC of Chang (78,79) (r =

0.452, P < 0.0001) was better than the correlation between
PET and UHGP SPECT. The correlation between PET
without AC and DCD-I without AC was the best of all (r =

0.807, P < 0.0001). These results indicate that PET agrees
with DCD-I with AC as well as with UHGP SPECT. PET

Defect scores
in PET

withoutAC01234Defect

scores in
DCD-I withoutAC0895210122161420DCD-I

= coincidence detectionmodecorrection.2522606032938263imaging; AC=4127919attenuationAgreement

rate is 58.3%.

appears to agree with DCD-I better than with UHGP SPECT
when the AC of DCD-I is more accurate.

Accuracy in diagnosing myocardial viability using DCD-I

and UHGP SPECT was assessed. For 64 segments, the
defect score for the myocardial perfusion image was greater
than that for the FDG PET image. DCD-I without AC,
DCD-I with AC and UHGP SPECT permitted accurate

diagnosis in 12 (18.8%), 31 (48.4%) and 43 (67.2%)
segments, respectively. Of 30 infarcted vessel regions, TF
led to underestimation of viable myocardium in 22 regions
for which viability was accurately measured with PET,
whereas DCD-I without AC, DCD-I with AC and UHGP

SPECT led to accurate diagnosis in 15 (68.2%), 8 (36.4%)
and 21 (95.5%) regions, respectively. Table 6 summarizes
the diagnostic accuracy of DCD-I with or without AC and

UHGP SPECT for myocardial viability, with the findings of
PET considered the gold standard. Although the sensitivity
of DCD-I with AC was higher than that of DCD-I without

FIGURE 6. Regional differencesin defect
score between PET, coincidence detection
mode imaging (DCD-I) and ultra-high-en
ergy general-purpose collimator (UHGP)
SPECT. (A) PET with attenuation correction
(AC+) and DCD-I without attenuation cor
rection (AC-). (B) PET without AC and
DCD-I without AC. (C) PET with AC and
DCD-I with modified AC of Chang ( 18,19).
(D) PET with AC and UHGP SPECT.
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TABLE 4
Relationship Between DCD-I with AC and PET

Defect scores
inPETwith

AC01234Defect

scores in
DCD-I withAC07916151013935142022019247038525268420159

segments, their myocardium was viable. PET allowed
diagnosis of viability in 7 of the 12 segments (58.3%).
DCD-I without AC, DCD-I with the modified AC of Chang

(18,19) and UHGP SPECT permitted diagnosis in 5 (41.7%),
5 (41.7%) and 7 (58.3%) segments, respectively, of these 12.

Figures 8 and 9 show a patient with a history of anterior
and posterolateral myocardial infarction. In this patient, the
modified AC of Chang (18,19) revealed the apexlike defect
in the DCD image, and UHGP SPECT failed to detect the
small defect in the inferior wall.

DCD-I = coincidence detection mode imaging; AC = attenuation

correction.
Agreement rate is 48.1%.

AC, the sensitivity of UHGP SPECT was higher than that of
either DCD-I with AC or DCD-I without AC. DCD-I with

AC had the best specificity and positive predictive value of
the three imaging methods, but little difference was seen
between DCD-I and UHGP SPECT. These results suggest
that the image quality of DCD-I is superior to that of UHGP

SPECT but that UHGP SPECT allows more accurate
diagnosis than does DCD-I performed without the more

accurate AC.
Echocardiography revealed akinesis, hypokinesis and

normokinesis in 16, 40 and 8 segments, respectively, of the
64. Presumably, the segments that showed normokinesis
were affected by attenuation artifacts in the TF images. The
sensitivity of all techniques, especially UHGP SPECT, was
better for akinetic segments than for hypokinetic or normoki-

netic segments (Table 7).
In the 3 of 20 patients treated with percutaneous translumi

nal coronary angioplasty, recovery of wall motion could not
be assessed because of restenosis. Twelve patients under
went coronary artery-aorta bypass grafting after the FDG

study. One died after the operation, but the other 11 were
followed up for 3-6 mo postoperatively. The other 5 patients

did not undergo revascularization. The defect score on the
myocardial perfusion images was 3 or 4 for 22 of the 198
segments. Because wall motion improved in 12 of these 22

TABLE 5
Relationship Between UHGP SPECT and PET

Defect scores
inPETwith

AC01234Defect

scores in
UHGPSPECT011428214012733237025122513131091224121514

UHGP = ultra-high-energy general-purpose collimator; AC =

attenuation correction.
Agreement rate is 55.0%.

DISCUSSION

Spatial Resolution
Image quality and spatial resolution are critical to assess

ing regional viability in patients with low FDG uptake
caused by infarction or diabetes mellitus. We evaluated the
image quality and spatial resolution of DCD-I in comparison

with PET and UHGP SPECT using a myocardial phantom
with three defined defects. The spatial resolution of DCD-I

was superior to that of UHGP SPECT and was only slightly
poorer than that of PET. One-centimeter defects on the
myocardial phantom could be differentiated by DCD-I but

not by UHGP SPECT. This finding is attributable not only to
the superiority of the intrinsic resolution of DCD-I but also

to its ability to image with 128 X 128 matrices, the same as
for PET but impossible for UHGP SPECT (64 X64 matri
ces) because of poor sensitivity. However, the effect of
attenuation on DCD-I was marked, so that detection of small

defects on the inferoseptal wall was poor.

Scatter Effect and Image Quality

The scatter effect was evaluated in the healthy volunteers.
With DCD-I, most of the Compton scatter is cut by

coincidence detection, whereas UHGP SPECT images are
markedly affected by Compton scatter. In DCD-I, however,

the gamma rays that strike obliquely because of imperfect
collimation are not cut, just as they are not cut in three-

dimensional PET (22,23). These rays increase the random
coincidence counts, but in UHGP SPECT a greater number
of oblique rays are cut by the collimator. Our study showed
that the myocardium-to-lung count ratio was slightly lower
with DCD-I than with UHGP SPECT and that the myocar-
dium-to-left ventricle count ratio was higher with DCD-I

than with UHGP SPECT. These results suggest that the
image of the upper lung is affected by the oblique rays that
have broad distribution and that the image of the ventricular
cavity is markedly affected by Compton scatter from the
myocardium. Because of the increased number of scattered
photons near the myocardium and the poor spatial resolu
tion, the boundary is unclear, resulting in deterioration of
UHGP SPECT image quality. In two-dimensional PET, most

of the oblique rays are cut by the septa, and the most of the
Compton scatter is cut by coincidence detection. Thus, the
scatter effect is low. The image quality of PET is therefore
superior to that of the other two imaging techniques.
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FIGURE 7. Relationship between re
gional percentage uptake of FDG by PET
and coincidence detection mode imaging
(DCD-I) and ultra-high-energy general-
purpose collimator (UHGP) SPECT. (A) PET
and DCD-I without attenuation correction
(AC) (r = 0.162). (B) PET without AC and
DCD-I without AC (r = 0.807). (C) PET and
DCD-I with modified AC of Chang (18,19)
(r = 0.452). (D) PET and UHGP SPECT
(r= 0.395).
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Assessment of Myocardial Viability
This study made clear the validity of DCD-I and UHGP

SPECT in the assessment of myocardial viability and their
degree of agreement with PET. DCD-I without AC was

inferior to UHGP SPECT in agreement with PET and in
sensitivity for detecting viable myocardium, but DCD-I was

almost equal to UHGP SPECT in specificity. When the
modified AC of Chang (18,19) was performed, both agree
ment with PET and sensitivity for detecting viability im
proved, but DCD-I was still inferior to UHGP SPECT in
sensitivity. DCD-I with AC was superior to UHGP SPECT

in specificity and positive predictive value. In UHGP
SPECT, the effect of scatter and the effect of attenuation
cancel out each other (24). In contrast, in DCD-I, the

attenuation effect is stronger than the scatter effect, and

TABLE 6
Comparison of Assessments of Myocardial Viability by

DCD-I and UHGP SPECT

DCD-I DCD-I

with AC without AC UHGP-SPECT

Index

SensitivitySpecificityPositive

predictivevalueNegative
predictive value48.494.666.089.518.892.635.384.167.291.663.292.8

attenuation becomes a major problem. The modified AC of
Chang (18,19) used in this study is inadequate for clinical
application because the method is not compatible with
variety in patients. The chest is not homogeneous. The
method is intended for uniform correction and is optimal for
the brain, not the chest. However, agreement was better
between DCD-I without AC and conventional PET without

AC than between UHGP SPECT and conventional PET with
AC, and correlation of FDG uptake calculated by polar map
analysis was good between the two techniques. Thus, DCD-I

may provide a useful approach if more accurate AC, such as
the transmission method, becomes available.

On a segment basis, agreement between PET and gamma
camera imaging was poorer than in previous studies (6-
8,10,11). Those studies showed good agreement (76%-94%)

between PET and UHGP SPECT, but this study showed only

TABLE 7
Wall Motion and Sensitivity of DCD-I and UHGP SPECT

Type of
wall motion

No. of
segments

DCD-I

with AC

DCD-I

without AC UHGP SPECT

AkinesisHypokinesisNormokinesis1640856.350.025.031.317.50.093.857.562.5

DCD-I = coincidence detection mode imaging; UHGP = ultra-high-
energy general-purpose collimator; AC = attenuation correction.

DCD-I = coincidence detection mode imaging; UHGP = ultra-high-
energy general-purpose collimator; AC = attenuation correction.

1890 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 40 â€¢No. 11 â€¢November 1999



A-1 A-2

B-l B-2

C-l C-2

FIGURE 8. (A) FDG PET imagesshow residualmyocardiumin
anteroapical wall and posterolateral wall. (B) Images obtained
without AC by transmission scan show marked decrease in
intensity in inferior wall. (C) 99mTc-TFSPECT images show that
residual myocardium seen in A appears nonviable. 1 = short-axis
images; 2 = vertical long-axis images.

techniques and wall motion was investigated. The validity of
UHGP SPECT was good in the segments showing akinesis
(Table 7). UHGP SPECT also allowed viability to be
diagnosed as accurately as did PET in the segments that the
myocardial perfusion images showed to be poorly viable,
and UHGP SPECT showed functional improvement after
revascularization. These results suggest that UHGP SPECT
is good for detecting slightly viable segments.

Counting Rate Capability
DCD-I is inferior to PET in capability of operating high

counts. In this study, that problem was solved by delaying
the acquisition to 210 min after the injection of 370 MBq
FDG. However, if acquisition begins at the same time as
PET, reduction of the FDG dose to approximately 185 MBq
might maintain image quality because of the high sensitivity
of DCD-I. However, the low sensitivity of UHGP SPECT

A-2

B-l B-2

55.0% agreement. In addition, the sensitivity of UHGP
SPECT for myocardial viability on a segment basis was
lower than in other studies (Chen et al. [70]: 86%, Srinivasan
et al. [11]: 88%). In previous studies, myocardial viability
was evaluated as either present or absent. By contrast, in this
study the extent of FDG uptake was judged using a
five-grade defect score, and the number of segments in
which uptake was analyzedâ€”18â€”was more than in previ

ous studies. These differences may have caused the poorer
agreement. In fact, UHGP SPECT showed good sensitivity
in assessments based on an infarcted vessel region (95.5%).

In clinical situations, assessment of viability is important
in segments with severely abnormal wall motion. However,
assessment of the amount of viable myocardium is also
important in determining prognosis. Therefore, some seg
ments were included that showed obvious viability on
perfusion SPECT images or wall motion in the assessment,
and the relationship between viability evaluated by these

C-l C-2

FIGURE 9. DCD Â¡mageswith (A) and without (B) modifiedAC
of Chang (17,18) and UHGP SPECT images (C) of same patient
as in Figure 8. Both imaging methods identified viable myocar
dium in anteroapical and posterolateral walls, but DCD images,
especially without AC, were affected by attenuation. A-2 shows
apexlike defect made apparent by AC of Chang (17,18). C-2
shows that UHGP SPECT failed to detect small defect in inferior
wall. 1 = short-axis images; 2 = vertical long-axis images.

FDG IMAGESWITHCOINCIDENCEGAMMACAMERAâ€¢Hasegawa et al. 1891



indicates that imaging with such a small dose would be
impossible. These findings suggest that off-site production

of FDG and subsequent transport to satellite laboratories
would be advantageous for DCD-I.

Limitations
The examinations were performed after oral glucose

loadingâ€”a method insufficient for assessing myocardial

viability. The quality of the FDG images may be poor
because of low myocardial uptake and a high background
count, particularly in diabetic patients (25,26). The insulin-

clamp method may be necessary. In fact, the images of
diabetic patients tended to be poor, and the diagnostic
sensitivity of gamma camera imaging for myocardial viabil
ity was poor (DCD-I with AC: 36.1%, DCD-I without AC:

11.1%, UHGP SPECT: 50.0%). Two of the 3 patients whose
UHGP SPECT images were of poor quality had diabetes.
However, in this study population, viability could be judged
for all FDG PET images after oral glucose loading. The main
purpose of the study was to compare gamma camera FDG
imaging with FDG PET, and complications such as diabetes
did not interfere with the results.

In this study, PET, DCD-I and UHGP SPECT acquisitions

were started at different intervals after the FDG injection.
The different intervals may be responsible for the differences
in distribution in the myocardium or other organs and the
blood. Enhanced uptake in hibernating regions 24 h after
injection has been reported for 20IT1 myocardial SPECT

images (27), and similar changes in FDG uptake may occur
in hibernating regions. Therefore, delayed acquisition may
be advantageous in detecting myocardial viability with
DCD-I.

CONCLUSION

Imaging of myocardial FDG uptake with a dual-head

gamma camera operated in DCD is superior in spatial
resolution, count sensitivity and quality to imaging with a
SPECT camera equipped with UHGPs. However, because
the effect of attenuation is marked, accurate AC, such as by
the transmission method, is necessary to obtain results
equivalent to those of PET.
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