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This study was performed to test the feasibility of early SPECT
imaging with ""Tc-tetrofosmin with the presence of high hepatic
activity. Methods: Thirteen normal volunteers were injected 600-
740 MBq of ""Tc-tetrofosmin at rest and were imaged at 10 min

and 1 hr after injection. The SPECT images were reconstructed for
180Â°and 360Â°data. The early and delayed SPECT and anterior

planar projection images were analyzed. Results: After excluding
one subject because of high hepatic activity overlapping to the
myocardium, 4 of 12 subjects (33%) had abnormal scans with
reduced uptake in the inferior wall on the early 180Â°SPECT image.

In contrast, only one (8%) showed equivocally reduced uptake on
the 360Â°SPECT image. In the delayed images, all subjects had a
normal 180Â°and 360Â°SPECT scan. Quantitative data showed

reduced regional activities in the inferior wall on the early SPECT
scan, especially in the 180Â°data. There were no changes in the
mean anterior-to-inferior ratio in the anterior planar projection im
ages over time, suggesting that the reduced activity in the early
SPECT images reflected an artifactual effect. Conclusion: Our data
indicate that it would be best to perform late imaging in patients with
suspected coronary artery disease using 99mTc-tetrofosmin.
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ReDecent phantom studies have demonstrated that an artifactual
defect on myocardial SPECT images can be created by intense
liver uptake (1,2). In addition, this artifact is reportedly more
prominent when 180Â°acquisition data, rather than 360Â°acqui

sition data, were used for reconstruction (2). Although a
99mTc-tebroxime study suggested that this artifact may occur in

the clinical setting (3), clinical data focusing on potential
significance of this artifactual effect have not yet been avail
able.

Technetium-99m-tetrofosmin was introduced as an alterna
tive myocardial perfusion imaging agent to 20IT1 (4-6). Tetro-
fosinin has diagnostic accuracies comparable to 201T1 for
detecting coronary artery disease (7-12) and for detecting

viable myocardium (13). The favorable energy emission of
99mTc ( 140 keV) reduces photon attenuation compared to 20IT1

(70-80 keV). This agent is supplied in kit form and, unlike
99mTc-sestamibi, does not require heating but only a 15-min

incubation at room temperature. Furthermore, its rapid accumu
lation in the myocardium and relatively rapid clearance from
the background organs, compared to WmTc-sestamibi, enable

imaging as early as 5-15 min after injection, resulting in shorter
waiting times for patients (6,7). This is important in clinical
settings, particularly in patients with suspected acute coronary
syndromes and nondiagnostic electrocardiogram, in whom
prompt diagnosis for therapeutic decision making is urged
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(14-16). Despite rapid myocardial accumulation, published
reports (6-8) document that high liver activity still remains at

such early time points after injection, which may cause an
artifactual defect in the inferior wall due to high hepatic uptake
as well as the results of phantom studies (1,2).

Theoretically, the myocardial images obtained at early time
points after injection of 99mTc-tetrofosmin should be identical

to the delayed images, since this agent shows no significant
changes in tracer distribution in the myocardium over time
(6-8,13). Consequently, we hypothesized that this artifactual

effect on myocardial SPECT images could be assessed by
comparing early SPECT images to delayed images, in which
hepatic uptake would be significantly reduced, and that the
absence of significant changes in actual myocardial tracer
distribution could be confirmed by the use of planar projection
images.

In the present study, we compared early (10-min) and
delayed (1-hr) 99mTc-tetrofosmin myocardial SPECT images in

normal volunteers to test the feasibility of early SPECT imaging
with the presence of high hepatic activity. In addition, we
studied the potential differences of this artifactual effect
between 180Â°and 360Â°reconstruction data.

MATERIALS AND METHODS

Subjects
We studied 13 male healthy volunteers (age 25-52 yr, mean 33

yr) with no previous history of heart disease. All subjects had a
normal physical examination, electrocardiogram and normal chest
radiograph. The average height, body weight and thorax girth were
170.5 cm, 72.12 kg and 93.8 cm, respectively. None of the subjects
had any other major noncardiac diseases. All subjects gave
informed consent form based on the guidelines of the hospital's

human clinical study committee before study participation.

Preparation of Technetium-99m-Tetrofosmin
Technetium-99m-tetrofosmin was prepared from a freeze-dried

kit by reconstitution with approximately 5 ml of a sterile pertech-
netate solution containing 740-1110 MBq "mTc.

Myocardial SPECT Image Acquisition
In each subject, 600-740 MBq of 99mTc-tetrofosmin were

intravenously injected at rest; imaging began 10 min and 1 hr after
injection. Subjects were instructed to refrain from eating even after
injection, since eating is usually prohibited in patients with acute
coronary syndromes. Myocardial SPECT imaging was performed
using a triple-head SPECT system with low-energy, high-resolu
tion, parallel-hole collimators. The detector system was interfaced
to a dedicated nuclear medicine computer. A total of 60 projection
images were obtained over 360Â°in 6Â°increments, with 20 sec per

view. The energy discriminator was centered on 140 keV with a
20% window. The data were recorded in 128 X 128 matrices into
the magnetic disk. The projection dataseis were smoothed with a
two-dimensional Butterworth filter (order 8, cutoff 0.15) and
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reconstructed over 180Â°(45Â°RAO to LPO) and over 360Â°with a

ramp filter.
To investigate the effect of prereconstruction filtering, we also

tested a higher cutoff frequency of the Butterworth filter (order 8,
cutoff 0.20). The reconstructed transaxial images were manually
reoriented into short-axis slices (3.2 mm thick) using identical
parameters. Then, four serial slices of the SPECT images were
added, resulting in 12.8 mm thick. No attenuation correction was
performed in the present study. The image data were transferred to
Macintosh Quadra based image analysis system for further analysis
(17).

Data Analysis
Short-axis SPECT images were projected on a monitor screen

for visual interpretation by two experienced observers. The cutoff
frequency of the Butterworth filter for visual analysis was 0.15
cycles/pixel. The observers knew the reconstruction parameters of
the images. Then, the scintigrams were visually scored as normal,
equivocal or abnormal. Disagreements in interpretation were re
solved by consensus.

Quantitative SPECT data analysis was based on three short-axis
slices representing the apical, middle and basal ventricular myo
cardium. Circumferential profile analysis was performed on an
operator-defined region of interest (ROI) around the left ventricular
activity of each tomogram. The center of each tomogram was
determined and the ROÃ•was automatically subdivided into 128
sectors. The maximum pixel activity within each sector for each
image dataset was normalized to the peak activity within the whole
heart, which was assigned a value of 100%. The sectors from the
middle or basal short-axis slice were averaged into eight myocar-
dial regions, whereas the sectors from the apical short-axis slice
were analyzed to assess apical region.

Planar projection image analysis was based on an anterior
projection image obtained from each SPECT imaging. Square
ROIs were placed on the anterior left ventricular myocardial wall,
inferior myocardial wall and the left lobe of liver in the image.
Then, liver-to-heart (anterior wall) and anterior-to-inferior ratios
were calculated from the counts per pixel in the ROIs.

Statistical Analysis
Data are presented as mean Â±s.d. Differences in the mean

activities between the early and delayed images were compared
using Student's paired or nonpaired t-test. Statistical significance

was defined as p < 0.05.

RESULTS

Myocardial SPECT Imaging
Visual Analysis. One subject was excluded from further

analysis because of high hepatic activity overlapping into the
inferior myocardial wall. The remaining 12 subjects had good
quality and early and delayed myocardial SPECT images. On
the 180Â°reconstruction data, 4 of 12 subjects (33%) had an

abnormal scan with reduced uptake in the inferior wall on the
early images. In contrast, only one subject (8%) had an
equivocally reduced uptake in the inferior wall on the early
360Â°SPECT images, which was scored as equivocal. On the
delayed images, on the other hand, all subjects had normal 180Â°
and 360Â°SPECT scans.

Quantitative Analysis
Figure 1 shows the results of quantitative analysis for the

180Â°reconstruction data. Significant decreases in activities in

the early SPECT images compared to those in the delayed
images were noted in the inferior regions. The maximum
difference between the early and delayed images was seen in
the infero-septal region of middle ventricular myocardium. On

Early (10 min)
180 degree

Delayed (1 hr)
180 degree

Ant Ant

FIGURE 1. Comparison of regional tracer activities between the early (10
min) (left) and delayed (1 hr) (right) myocardial SPECT images (Butterworth
filter; order 8, cutoff 0.15) reconstructed from 180Â°acquisition data. *p < 0.05
versus delayed image, "p < 0.01 versus delayed image.

the other hand, there were no significant differences in the mean
activities in the anteroseptal, anterior and anterolateral wall
between the early and delayed images.

Reconstructed data from whole 360Â°also showed a decrease

in the mean activities in the inferior regions (Fig. 2). Neverthe
less, the differences were not so significant as those seen in the
180Â°reconstructed data. Similarly to the results of 180Â°

acquisition data, there were no significant changes in the mean
activities in the anteroseptal, anterior and anterolateral wall
from the 10-min to 1-hr images.

Figure 3 shows the results of quantitative analysis using a
higher cutoff frequency of the prereconstruction filter (Butter-
worth filter; order 8, cutoff 0.20). The maximum difference in
the mean activities between the early and delayed images for
the 180Â°reconstruction data was 8.4 Â± 10.5% peak activity,

which was comparable to that with the cutoff frequency of 0.15
cycles/pixel (8.1 Â±8.6% of peak activity, ns). Thus, the use of
a higher cutoff frequency of the Butterworth filter did not
reduce the magnitude of differences in the mean activities
between the early and delayed images.

A comparison of early and delayed 99mTc-tetrofosmin
SPECT images reconstructed from 180Â°and 360Â°acquisition

data is shown in Figure 4.

Planar Projection Imaging
As shown in Table 1, the mean liver-to-heart ratio calculated

from planar projection images was high in the early images, and
it rapidly declined over time (p < 0.01). On the other hand,
there were no significant changes in the mean anterior/inferior
ratio from the early ( 10-min) to the delayed ( 1-hr) images (ns).

Early (10 min)
360 degree

Delayed (1 hr)
360 degree

Ant Ant

FIGURE 2. Comparison of regional tracer activities between the early (10
min) (left) and delayed (1 hr) (right) myocardial SPECT images (Butterworth
filter; order 8, cutoff 0.15) reconstructed from 360Â°acquisition data. *p < 0.05
versus delayed image, "p < 0.01 versus delayed image.
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FIGURE 3. Comparison of regional tracer activities between the early and
delayed myocardial SPECT images using a higher cutoff frequency of
Butterworth filter (order 8, cutoff 0.20) for 180Â°data (A) and for 360Â°data (B).
*p < 0.05 versus delayed image. **p < 0.01 versus delayed image.

DISCUSSION
Technetium-99m-tetrofosmin is a newly introduced myocar

dial perfusion imaging agent (4-6). In comparison to 9mTc-
sestamibi, which is the most widely used 99mTc-based myocar

dial perfusion imaging tracer, its rapid myocardial uptake and
faster clearance from backgrounds allows early imaging after
injection (6-8). These characteristics are favorable, especially
for patients with suspected acute coronary syndromes and a
nondiagnostic electrocardiogram, since early diagnosis is
needed in such patients for timely therapeutic decision making
(14-16). Technetium-99m-sestamibi, on the other hand, may

require a waiting time of up to 1 hr for imaging.
In our study, however, one subject had high hepatic activity

overlapping to the inferior myocardium; therefore, this study
was classified as inadequate. Furthermore, we demonstrated that
33% of the subjects showed reduced uptake in the inferior region
on the early 180Â°SPECT image, which was supported by quanti

tative data that regional tracer activities in the inferior regions on
the early SPECT images, were significantly reduced compared to
those in the delayed SPECT images especially when the images
were reconstructed from 180Â°acquisition data. There were no
significant changes, on the other hand, in the mean anterior-to-
inferior ratio between the early and delayed planar projection
images, indicating that this transitional reduced activity in the
inferior regions observed in the early SPECT images was not
likely to reflect truly reduced tracer activity in the inferior
myocardium, but might reflect some artifactual effects.

Potential Mechanisms for Artifact
Possibly, the reduced activities in the inferior regions on the

early SPECT images could be explained by the liver-to-heart
artifact due to intense tracer uptake in the liver (1,2). The
presence of high liver activity adjacent to the inferior wall
results from oversubtraction of activity from the inferior wall.
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FIGURE 4. A representative case example comparing the early (10 min) and
delayed (1 hr) SPECT images for 180Â°and 360Â°reconstruction data (Butter-

worth filter; order 8, cutoff 0.15) (A) and corresponding circumferential profile
curves (B).

Actually, the liver-to-heart ratio, derived from planar projection
images on the early images, was remarkably high (1.72 Â±0.47)
compared to that on the delayed images (0.59 Â±0.15).
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TABLE 1
Count Ratios Calculated from Planar Images

Early (10 min) Delayed (1 h)

Anterior/Inferior Ratio
Liver/Heart Ratio

0.97 Â±0.04*
1.72 Â±0.47t

0.99 Â±0.04
0.59 Â±0.15

*ns versus delayed image.

Tp < 0.01 versus delayed image.

In addition to the level of hepatic activity relative to the
myocardium, the distance between the liver and heart, which
may vary considerably among patients, is also an important
factor (2). Therefore, this artifact is likely to be extremely
patient-dependent and its severity is hard to predict. Delayed
imaging, however, will clearly reduce the artifactual effect,
although the optimal time is not determined in this study since
we mainly focused on determining whether the artifactual
defect, can occur on early SPECT images. It should also be
noted that our results do not directly apply to exercise stress
studies because exercise stress is well known to reduce hepatic
tracer uptake relative to the heart.

Comparison of 180Â°and 360Â°Reconstruction

In the current study, the decrease in the inferior wall activity
on the early SPECT images was more prominent when the
images were reconstructed from 180Â°acquisition data and, by

visual analysis, only one subject had an equivocally reduced
uptake in the inferior wall on the early 360Â°SPECT images.
This is consistent with the phantom study that showed the 360Â°

reconstruction reduces the differences in attenuation between
the different projections therefore reducing the reconstruction
artifacts (2). Although a 360Â°reconstruction appears to be more

favorable for early imaging, the artifactual effect may not be
fully eliminated.

Effect of Different Prereconstruction Filtering Parameters
Germano et al. (7) showed that the use of high cutoff

frequency of the prereconstruction filter resulted in reduced
severity of this artifact. In the present study, however, this was
not the case and the use of a higher cutoff frequency of
Butterworth filter (order 8, cutoff 0.20) did not reduce the
magnitude of the artifact. It may be argued that the use of a
much higher frequency of the Butterworth filter (e.g., 0.30)
could have reduced the severity of the artifact. In this study,
however, we did not test a higher cutoff frequency than 0.20.
This reflects routine clinical practice in our laboratory and, in
our experience, the use of such a high cutoff frequency of the
prereconstruction filter often results in images of unacceptably
poor quality even with 99mTc-based myocardial imaging agent.

Comparison to Phantom Studies
The reduced inferior wall activity observed in our study

appears to be less significant than those reported in phantom
studies (1,2). This could partly be explained by the differences
between the real human thorax and the simplified phantoms
used in their studies. The phantom studies did not simulate
complicated body structures including lung, spine and chest
wall, since they purely focused on investigating relationships
between the liver and heart (1,2). The reduced activity, how
ever, in the inferior wall on the early SPECT images in the
present study is visually identifiable as a decreased perfusion,
especially when 180Â°acquisition data are used for reconstruc

tion (Fig. 4), suggesting that a misinterpretation of the images
can occur due to this artifactual effect.

Potential Limitations
Attenuation correction was not performed in this study. With

the attenuation correction, the artifactual defect observed in the
early SPECT images could be considerably canceled out (2).
Nevertheless, although approaches have been published with
attenuation correction (18,19), no widely accepted and prospec-
tively validated quantitative approach is currently available for
the evaluation of clinical SPECT studies. Image interpretation
without attenuation correction is currently used in most clinical
settings for analysis of SPECT studies.

Our study is based upon a relatively small number of
subjects. Therefore, although our study clearly shows that this
artifact is clinically relevant, further studies involving a larger
number of subjects may be needed before a definitive statement
with respect to the exact frequency of this artifact is drawn.

CONCLUSION
In patients with suspected acute coronary syndromes, prompt

diagnosis is urged for timely therapeutic decision making. In
this regard, 99rnTc-tetrofosmin appears to be attractive because

of its rapid accumulation in the myocardium with rapid clear
ance from background organs, which may result in shorter
waiting time. Our results, however, did show that one subject
had an inadequate study because of high hepatic activity
directly affecting the inferior myocardium. Furthermore, resting
99mTc-tetrofosmin myocardial SPECT images at 10 min after

injection may show an artifactual defect in the inferior wall
even without hepatic activity overlapping into the myocardium,
particularly when the images are reconstructed from the 180Â°

acquisition data. Therefore, it would be best to perform late
imaging in patients with suspected coronary artery disease
using 9 mTc-tetrofosmin.
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PET with 13N-ammonia permits the noninvasive quantification of

myocardial blood flow (MBF) in humans. The present study was
done to assess the reproducibility of quantitative blood flow mea
surements at rest and during pharmacologically induced hyperemia
in healthy individuals. Methods: Thirty healthy volunteers (26 men, 4
women) were studied. Paired measurements of MBF at rest (n = 21),
during adenosine (n = 15) and during dipyridamole (n = 7) were
performed using a two-compartment model for 13N-ammonia PET.
The mean difference between baseline and follow-up blood flow (%
difference) was calculated to assess reproducibility. Results: No
significant difference was observed between resting blood flow at
baseline or follow-up (15.8% Â± 15.8%; p = ns). Baseline and
follow-up resting blood flow were linearly correlated (r = 0.63, p <
0.005). Normalization of resting blood flow to the rate pressure
product improved the reproducibility significantly (15.8% Â±15.8%
versus 10.1% Â±10.5%, p < 0.05). Baseline and follow-up hyper-
emic myocardial blood flow did not differ (11.8% Â±9.4%; p = ns)
and were linearly correlated (r = 0.69, p < 0.0005). Conclusion:
MBF at rest can be measured reproducibly with 13N-ammonia PET.

The individual response to pharmacologie stress appears to be
relatively consistent. Thus, serial blood flow measurements with
13N-ammonia PET can be used to quantify the effect of various

interventions on MBF and vasodilatory reserve.

Key Words: myocardial blood flow; pharmacologie stress; PET
J NucÃMed 1996; 37:1626-1631

K ET with either l3N-ammonia or l5O-water and an appropriate

tracer compartmental model allows for noninvasive quantifica
tion of myocardial blood flow (MBF) (1-7). Such measure
ments have been used in healthy volunteers (1-3,8,9), patients
with coronary artery disease (3,10,11) and other cardiac dis
eases (12,13). Additionally, these measurements have been
used to assess the effect of pharmacologie intervention (14),
cardiovascular conditioning (Â¡5),coronary angioplasty (16,17)
and immunosuppressive treatment on rejecting heart transplant
on MBF (18).

The reproducibility of regional MBF measurements with
L1N-ammonia and dynamic PET, however, has yet to be
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extensively examined (19). Establishing the reproducibility of
this method would be particularly important for serial PET
measurements of MBF after pharmacologie or therapeutic
interventions.

Thus, the aim of the current study was to determine the
reproducibility of 13N-ammonia PET measurements of MBF at

rest and during pharmacologically induced hyperemia in a
group of healthy individuals.

MATERIALS AND METHODS

Subjects
Thirty healthy volunteers (26 men, 4 women) with a mean age of

33.7 Â±15.4 yr and a low likelihood for coronary artery disease
were included in this study (20). None of the participants were
taking any medication and all refrained from caffeine intake 24 hr
before the PET study (21). Each participant signed an informed
consent form approved by the UCLA Human Subject Protection
Committee.

Study Protocol
Paired resting MBF studies were performed in eight individuals

within the same day. Also within the same day, nine other
participants had paired hyperemic blood flow studies during
intravenous adenosine. Lastly, both paired resting and paired
hyperemic blood flow studies (adenosine; n = 6 or dipyridamole;
n = 7) were obtained in the 13 remaining participants at an average
time interval of 26.5 Â±18.9 days.

Adenosine and dipyridamole induce comparable degrees of
myocardial hyperemia (9). The relatively long half-life of dipyri
damole (30 min), however, precludes serial hyperemic blood flow
studies within the same day (22). Adenosine has a short half-life
of < 5 sec (23). Therefore, the reproducibility of hyperemic blood
flow within the same day was tested with adenosine while the
reproducibility of hyperemic blood flow measurements on separate
occasions was assessed with dipyridamole.

Adenosine was infused intravenously at a rate of 140 /Â¿g/kgfor
6 min. Three minutes after the start of the adenosine infusion,
370-555 MBq of l3N-ammonia were injected intravenously over

30 sec while the serial PET image acquisition was started. For
dipyridamole induced hyperemia, dipyridamole (0.56 mg/kg) was
infused intravenously over 4 min (24). Four minutes later, 370-555
MBq of l3N-ammonia was injected over 30 sec and the serial
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