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When using 99mTc-tetrofosminfor myocardial perfusion SPECT,

increased liver, intestinal, or gastric activity may create a major
problem in the visual and quantitative interpretation of the
inferoposteroseptal walls, particularly at rest. The aim of this
study was to determine what measures were required to mini
mize this extracardial activity. Methods: Ninety-seven patients

had a SPECT scan at rest without attenuation correction. They
were divided into 3 groups. Preparation consisted of no action
taken (group 1), 150 ml whole milk 10 min after administration of
tetrofosmin (group 2), or 450 mL water 10 min before acquisition
(group 3). A further 55 patients had a SPECT scan at rest with
attenuation correction. They were also divided into 3 groups, and
preparation consisted of 150 ml whole milk 10 min after adminis
tration of tetrofosmin (group 4), 450 mL water 10 min before
acquisition (group 5), or both whole milk and water (group 6). The
presence of activity in liver, bowel, and stomach was determined
visually on reconstructed images. Activity was defined as interfer
ing when it might result in either an underestimation or an
overestimation of the uptake in the myocardial wall. Results:
Interfering activity was seen in 83% of the patients in group 1, in
74% in group 2, in 33% in group 3, in 61% in group 4, in 67% in
group 5, and in 20% of group 6. Conclusion: The interpretation
of inferoposteroseptal wall activity on myocardial rest SPECT
images is facilitated by having the patient drink both whole milk
and water at specified times before data acquisition.
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'ompared with thallium, technetium-labeled tetrofos

min (Myoview; Amersham Cygne, Eindhoven, The Nether
lands) for myocardium perfusion SPECT has many advan
tages. These include a higher photo peak energy that
enhances image resolution and a shorter physical half-life

resulting in a lower absorbed dose from the investigation
(7,2). "mTc-tetrofosmin also has 1 major drawback. Like
other technetium-labeled myocardial perfusion agents, it is

cleared by the liver and excreted by the biliary system.
Abdominal activity after rest injection may be elevated
because there is no exercise effect to reduce splanchnic
activity. An adequate clearance is prerequisite for high-
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quality SPECT. However, by stimulating the clearance, the
radioactivity may be transferred to another area. Increased
bowel and gastric activity are as great a problem as high
liver uptake in the visual and quantitative interpretation of
the inferoposteroseptal myocardial walls, particularly in rest
imaging (Fig. I) (3,4).

When one uses filtered backprojection (FBP), image
artifacts can be caused by so-called halo and spillover effects

(5). The halo effect is a reconstruction artifact that is
associated with the implementation of FBP on attenuated
projection images, with focally increased activity in other
wise low-count surroundings. This may result in an underes

timation of the inferoposteroseptal walls. Spillover of activ
ity into the myocardium, resulting from photon scatter in the
patient associated with activity in the liver, bowel, and
stomach, may result in an overestimation of this area. Both
artifacts are patient dependent, and their severity is hard to
predict.

Although both halo and spillover are often mentioned in
articles on myocardial SPECT, very little information is
available on avoidance of these phenomena. Several proto
cols include the use of a fatty meal or intravenous cholecys-

tokinin to stimulate hepatobiliary clearance (J). Others
include giving patients a drink of milk (6,7), a milk shake
(8), or water (9).

The aim of our studies was to determine what measures
need be taken before commencing myocardial SPECT
acquisition at rest, both with and without attenuation correc
tion, to minimize interference of liver, bowel, and gastric
activity.

MATERIALS AND METHODS

Study 1
SPECT myocardial imaging at rest was performed on 97 patients

(68 men, 29 women; age range, 30-70 y; mean age, 53 y) as part of
a 1-d rest-stress protocol. "Tc-tetrofosmin (300 MBq) was

administered at rest. Data were acquired in a 64 X 64 image matrix
as 3 X 20 (6Â°)X 60-s projections using a Prism 3000 camera

(Picker International, Inc., Cleveland, OH) with a high-resolution,
parallel-hole collimator. Tomographie transaxial slices (1 pixel

thick) were reconstructed using a reconstruction diameter of 30 cm
and a Wiener/Ramp filter. From the transaxial data, 3 sets of
orthogonal slices (short axis, horizontal, and vertical long axis)
were obtained for each study.

The patients were divided into 3 groups. The first group (n = 37)
was treated according to the manufacturer's instructionsâ€”i.e.,
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FIGURE 1. Short-axis FBP images with
halo effect (A) and spillover of activity (B),
which compromise estimation of myocardial
perfusion.

B

nothing was undertaken to influence liver clearance. The patients in
group 2 (n = 33) were given 150 mL whole milk 10 min after
injection. The patients in group 3 (n = 27) were given 450 mL

water 10 min before starting acquisition. In all groups, SPECT
imaging commenced 30-40 min after administration of the radio-

pharmaceutical.
The presence of activity in the liver, bowel, or stomach in groups

1-3 was determined visually by 3 experienced nuclear medicine

physicians (separately, on screen) on FBP images. The data were
offered for reading in random order, and the physicians were
unaware of the patient grouping. Activity was classified as
interfering when it could result in either an overestimation or an
underestimation of uptake in the myocardium and when the readers
required the additional information from the stress SPECT to
confidently assess the perfusion in the inferior, posterior, or septal
walls. In the few instances in which there was no initial agreement,
the data were reviewed simultaneously by the 3 physicians at a later
date, and a consensus was reached. Therefore, there was complete
agreement on the results presented in this article.

Study 2
After completion of study 1, the Prism 3000 camera was

equipped with a transmission line source and new software for
iterative reconstruction with attenuation correction. To evaluate the
influence of this technique on the presence of artifacts associated
with activity in the liver, bowel, and stomach, a second study was
begun. For comparison, all original protocols should have been
repeated with attenuation correction; however, because of the poor
quality of the studies in which no measures were taken to influence
clearance, we believed it was unethical to continue study of that
specific group.

SPECT myocardial imaging at rest was performed on an
additional 55 patients (44 men, 11 women; age range, 28-70 y;
mean age, 55 y) as part of a 1-d rest-stress protocol. WmTc-

tetrofosmin (300 MBq) was administered at rest. Data were
acquired in a 64 X 64 image matrix using a Prism 3000 camera
with cardiac fanbeam collimators and a gadolinium line source.
Emission images were acquired as 2 X 60 (6Â°)X 20-s projections,
and transmission images were acquired as 1 X 60 (6Â°)X 20-s

projections. Tomographie transaxial slices (1 pixel thick) were
reconstructed using a reconstruction diameter of 31.4 cm, 20
iterations, an EM-ML algorithm, and Metz postfiltering. From the
attenuation-corrected transaxial data, 3 sets of orthogonal slices

(short axis, horizontal, and vertical long axis) were obtained for
each study.

The patients in the second study were divided into 3 groups. The
patients in group 4 (n = 23) were given 150 mL whole milk 10 min
after injection. The patients in group 5 (n = 12) were given 450 mL

water 10 min before starting acquisition. The patients in group 6

(n = 20) were given both 150 mL whole milk 10 min after injection

and 450 mL water 10 min before starting acquisition. In all groups,
SPECT imaging commenced 30-40 min after administration of the

radiopharmaceutical.
The presence of liver, bowel, or gastric activity in groups 4-6

was determined visually by the same 3 nuclear medicine physicians
(separately, on screen) on attenuation-corrected images under the

same conditions as described in the first study.

RESULTS

Demographic Data
SPECT myocardial imaging at rest was performed in 152

patients (112 men, 40 women; age range, 28-70 y; mean

age, 54 y). All subjects were referred to the nuclear medicine
department by the cardiology outpatient clinic. There were
no exclusion criteria other than previous gallbladder exci
sion. The patients seen in 1 particular month were assigned
to the same study group. Thus, the groups representing a
typical outpatient population were formed in 6 consecutive
months, accounting for the different group sizes.

Statistical Analyses
All patients had a functioning gallbladder. Liver, bowel,

and gastric activity was seen in 31 patients in group 1 (83%),
11 patients in group 2 (33%), and 20 patients in group 3
(74%).

A phenomenon that can be attributed to attenuation
correction was evident in group 4. Dispersing hepatobiliary
activity over a large area is a technique that worked
moderately well with FBP images, but attenuation correction
amplifies both scattered and unscattered photons. Thus, the
scattered radiation can be displayed more prominently on
attenuation-corrected images than on noncorrected images.

Liver, bowel, and gastric activity was seen in 14 patients
(61%) compared with 33% in the earlier study.

In group 5 (water) the occurrence of liver, bowel, and
gastric activity dropped from 74% (measured in the earlier
study) to 67% (n = 8) after attenuation correction. Liver,

bowel, and gastric activity was seen in only 20% of the
patients in group 6 (n = 4) (Table 1).

To determine whether the groups were significantly
different, a Pearson \2 test was performed, resulting in a P of

0.000 for the groups in study 1 and a P of 0.009 for the
groups in study 2. When a Fisher's exact test is performed,

correcting for the small number of patients and the various
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TABLE 1
Percentage Occurrence of Interfering Activity

Group1

23

4
5
6No.

ofpatients37

33
27
23
12
20Preventive

actionNone

Milk*

Waterr
Milk*

Watert
Milk* and watertInterfering

activity(%)83

33
7461

67
20

*10 min after injection.

t10 min before acquisition.

group sizes, the results remain significantly different. In both
studies, the results of the group with the lowest percentage
of interfering activity were compared with the results of the
other 2 groups in the same study (Table 2).

The occurrence of liver, bowel, and gastric activity did not
depend on either sex or age. Because the rest study was
followed by a stress SPECT study on all patients, diagnostic
accuracy was compromised in only a few cases.

DISCUSSION

To date, the problems caused by halo and spillover effects
can only be partially solved by new imaging techniques. It
has been suggested that the effects of areas of high activity
close to the myocardium, as in the liver, can be eliminated by
the application of attenuation correction (70). Other authors
state that scatter effects may be more serious on attenuation-

corrected images because the procedure cannot distinguish
between scattered and unscattered photons (77). Both com
ponents are amplified equally during attenuation correction.

In addition, iterative reconstruction will eliminate the halo
effects but will not diminish scatter. To achieve that it is
necessary to estimate and remove the scatter component
from the measured signal and to incorporate the depth-

dependent response of the imaging system in the reconstruc
tion algorithms (72). These techniques are not yet commonly
available outside of research settings; therefore, it is impor-

TABLE 2
Results of Fisher's Exact Test

ComparisonGroup

2 vs. group 1
Group 2 vs. group 3
Group 6 vs. group 4
Group 6 vs. group 5P*0.000

0.002
0.012
0.021

'Exact significance (2 sided).

tant that liver, bowel, and gastric activity be restricted to the
minimum.

When 99mTc-tetrofosmin myocardial perfusion SPECT is

performed without attenuation correction, the quality of the
rest images is vastly improved by giving the patients 150 mL
whole milk at a specified time. However, the results of the
second study suggest that neither milk nor water alone is
sufficient to minimize interfering extracardial activity when
attenuation correction is applied to myocardial SPECT using
"mTc-tetrofosmin.

It is believed that whole milk not only stimulates liver
clearance but also stimulates peristaltic movement (75) and
that water reduces activity in the gastric fundus and speeds
up the migration of biliary secreted activity through the
bowel. Activity dispersed more diffusely throughout the
entire abdomen is less likely to cause reconstruction artifacts.

CONCLUSION

Administration of both whole milk and water to the
patient at the specified times will improve the quality of
attenuation-corrected myocardial perfusion SPECT images,

thus facilitating the interpretation of the inferoposteroseptal
myocardial wall. When SPECT is performed without attenu
ation correction, a drink of whole milk may suffice.
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